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Editorial on the Research Topic

The Effect of Business Cycles on Population Health in the Emerging Economies, Volume II

Since their influential study on the relationship between business cycles and social conditions,
Ogburn and Thomas demonstrated the significant association of economic expansion with
increases in mortality in the early of 1920s (1). Their results were counter-intuitive from the classic
economic growth theory (2) and raised significant arguments regarding whether or not the income
view and health view hypotheses underpinning the positive effect of business cycles on population
health can be validated in the real-world economy (3–5). Despite a changing relationship between
business cycles on population health was usually found in the literature (6, 7), most evidence
from previous studies was based on advanced economies. In this Research Topic, we aim to
collect empirical results generated by different methodologies and various concepts of population
health and economic development used to identify the relationship between business cycles and
population health in the emerging economies.

The studies collected in this volume could be divided into three categories: the first being
associated with the income view hypothesis, suggesting economic expansion (recession) boosts
(reduces) accumulation of human capital, and thereby further improves (deteriorates) population
health, the second being linked with the income view hypothesis, recommending that population
health has a directly impact on income through human capital, and the third being the
miscellaneous Research Topics that are related to target variables such as population health
and economic development (a board concept of business cycles or economic fluctuation) under
investigation of this volume.

The first category of this volume addresses the effect of business cycles on population health.
In this category, many researchers applied different economic development indicators (such
as GDP per capita, unemployment rate, urbanization rate, development of digital economics,
technological innovation, industrial agglomeration, and participation in the social pension scheme)
to measure business cycles (or economic fluctuation) and various measurements for population
health (such as mortality rate, prevalence rate of depression and malnutrition rate of children
under 5 years old) were also used to investigate the business cycles-population health nexus.
According to their empirical results, the relationship between business cycles and population
health was identified to be positive (Chai, Li et al.; Hu and Yao; Jiang et al.; Li S.-J. et al.; Pan
et al.; Sun et al.; You et al.), negative (Zhong et al.), and mixed (Chai, Yang, Cui et al.; Su C.-W.
et al.). Since the healthcare expenditure and healthcare insurance are frequently used to measure
health capital formation and investment in health that are essential elements to economic growth
(2, 3), several researchers investigated the impact of economic fluctuation (measured by GDP
per capita, economic policy uncertainly, industrial air pollution, high-speed rail coverage, energy
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consumption, and development of insurance industry) on
healthcare expenditure and health insurance. The positive
association between economic fluctuation and healthcare
expenditure was verified by Bai et al. and Niu et al. Nevertheless,
Song et al., Pu et al., and Shen et al. found a changing relationship
between economic fluctuation and healthcare expenditure. In
addition, the positive effects of energy consumption and
development of insurance industry on health insurance were
justified by Wang K.-H. et al. and Li, Wang et al., respectively.

The second category of this volume emphasizes the impact
of health capital formation (such as healthcare expenditure and
health insurance) on economic activities or economic outcomes
(such as economic growth, consumption, poverty, participation
in financial market, and change of financial asset allocation). The
effect of health capital formation on economic outcomes was
identified to be positive (Cheng et al.; Wang Q.-S. et al.; Zhao
et al.) and ambiguous (Jiang; Wu et al.). Moreover, some studies
such as Li and Yang and Shi et al. demonstrated a significant
influence of medical insurance on financial asset allocation and
stock market participation, and other research illustrated that the
outbreaks of pandemic diseases such as the COVID-19 and other
infectious diseases significantly change the investor’s behaviors
(Fang et al.; Liu et al.; Nian et al.; Zhang, Zhu et al.).

The third category of this volume is miscellaneous Research
Topic consisting of the evaluation of the efficiency of healthcare
utilization, healthcare care and health insurance projects (Chai,
Yang, Xie et al.; Chu et al.; Zhang, Guan et al.), environmental
protection-governance relation (Hsiao et al.; Chang et al.),
convergence of healthcare expenditure across different countries
(Li Z.-Z. et al.), effect of health behavior on the individual’s
health (Li, Chen et al.), occupational health (Yao and Tao), firm
performance in the pharmaceutical industry (Su C.-Y. et al.),
healthcare reform (Luca et al.) and among others.

In sum, the studies collected in this volume contribute the
literature focusing on the business cycles-population health

nexus from three aspects: First, these studies applied the most
sophisticated methodologies that provide the solid evidence on
the relationship between business cycles and population health
in the emerging economies. The research methodologies adopted
by the studies collected in this volume include the Ability-To-
Pay Approach, Categorical Variable Regression Analysis, Cluster
Analysis, Data Envelopment Analysis, Difference-in-Differences
Method, Panel Data Analysis, Social Network Analysis, Spatial
Econometric Analysis, Structural Equation Modeling, and Time
Series Analysis. Second, the extensive concepts of business
cycles (namely, economic development) and population health
were used to investigate the connection between economic
development and population health (or health capital formation).
Third, the findings generated from these studies in the first and
second categories of this volume demonstrated the ambiguous
results of the business cycles-population health relationship in
the emerging economies. Namely, the income view and health
view hypotheses based on the classic economic growth theory (2,
3) are not necessarily validated in the emerging economies. These
results are consistent with previous studies on the relationship
between business cycles and population health in advanced
economies (4–7). Finally, it is important to address that bi-
directional causation between income and health is a key feature
of the classic economic growth theory that derives the income
view and health view hypotheses (2, 3), but few studies in
this volume formally deal with this issue. Therefore, we expect
more research would be conducted to deal with the endogeneity
between income and health in order to provide more sufficient
evidence for the linkage of business cycles and population health
in the future.
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This paper explores the relationship of real GDP per capita with cancer incidence

applying panel threshold regression model in BRICS and ASEAN countries. The empirical

results highlight that the business cycle has an inverted-U correlation with population

health indicators and a non-linear single threshold effect. In BRICS countries, the

health-promoting effect of economic growth is significantly weaker when exceeding the

threshold. Similarly, economic growth in ASEAN countries, even worsens population

health, after the turning point. These asymmetric effects are strongly related to the

response of regional economic globalization health policies. Changes in economic

expansion and overheating may have serious adverse effects on health care systems in

emerging economies. Governments should adopt more aggressive health care policies

during economic overheating, to avoid wasting health care resources.

Keywords: business cycle, population health, BRICS, ASEAN, panel unit root, panel threshold regression model

INTRODUCTION

The main purpose of this paper is to explore whether the population health (describes as cancer
incidence, CI) in emerging economies respond to business cycles (describes as real GDP per
capita, GDP), and how does economic growth or economic overheating affect population health.
With the continuous accumulation of economic growth on the medical industry capital, the
positive correlation between economic growth and population health appears more intuitively in
the process of economic development (1, 2). BRICS and ASEAN countries,1 as representatives
of emerging economies, have made profound changes in their health care systems to adapt to
the huge demographic, political, economic and socio-cultural transformations brought about by
their economic growth (3). As a result, business cycles may affect population health in emerging
economies countries (4), as evidenced by the health care transformation triggered by investments
in the health care industry, which is reflected in the declining cancer incidence in past 20 years.

1BRICS countries include: Brazil, Russia, India, China and South Africa. ASEAN countries include: Indonesia, Malaysia,

Philippines, Thailand, Singapore, Brunei, Cambodia, Laos, Myanmar and Vietnam.
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The economic growth may lead to lower mortality (or in better
health) can be explained in two ways. First, an increased GDP
allows patients to invest more in their own health (5, 6). Second,
continued economic growth has increased the professionalism of
medical equipment and services in emerging economies, which
is also reflected in social welfare (7). In turn, improvements in
health have direct positive feedback on economic growth through
higher productivity and more hours worked (8). Therefore, the
complex behavior of economic growth may have a substantial
impact on resident health in emerging economies (9, 10).
This study can benefit the decision-makers to focus on the
harmful effects of excessive economic growth on the health care
system. The government should intervene more to promote the
stable development of the medical industry when the economy
is overheating.

Since the work of Pritchett and Summers (11), existing studies
have discussed whether economic growth improves health and
vice versa. Themainstream view Brenner (12–14) holds that there
is a mutually promoting relationship between these two variables.
Ruhm (15–17) finds a procyclical variation in mortality with
the business cycle. Alleyne and Cohen (18) and Lorentzen et al.
(19) also demonstrate this. However, some contrary evidence
suggests that economic recessions can also reduce mortality.
Neumayer (20), Tapia Granados (21), Gerdtham and Ruhm
(22), Lin (23) show that growth in GDP also stimulates cancer
rates in some countries. Although this series of studies reflect
asymmetries in the impact of economic growth or recession
on health indicators, most of these findings have occurred in
high-income countries (24). Emerging economies have shaped
the world landscape in the past two decades that the impact
of the business cycle on population health is unclear. In recent
years, Liu and Huang (3) propose an asymmetrical relationship
between short-term life expectancy and economic growth in
ASEAN sample. Although previous studies have included several
developing countries, the question of whether overheating will
inhibit national health has not been well-addressed. In addition,
the periodicity of population health changes with the inclusion
of more recent data (25, 26). Especially with the recent outbreak
of coronavirus disease 2019 (COVID-19), breakpoints, as a key
feature, can lead to biases and pseudo-regressions (27, 28). The
emerging economies selected for this paper have experienced
rapid economic recession and rise, and the combination of panel
threshold regression and panel unit root test attribution increases
the reliability of the findings in describing the dependent
variable, outliers and non-linear distribution (29). The question
of whether economic overheating inhibits population health is
effectively answered.

Emerging countries have undergone tremendous
demographic, political, economic, and sociocultural transitions
along with rapid economic development (30). Among them,
the total GDP in ASEAN has grown more than fivefold from
1999 and becoming the world’s fifth-largest economy (31).
The total GDP of the BRICS countries has exceeded even
2.1 billion dollars since 2019. Economic development in the
BRICS and ASEAN region has gone through several phases of
rapid economic fluctuation, which facilitates the assessment of
the impact of different economic expansions and recessions.

Therefore, this paper focuses on two representative international
economic organizations in emerging economies, BRICS and
ASEAN countries, to compare and analyze the characteristics
of their population health impact factors. The transformation
of modern advanced economies also presents many challenges
to the health care system, and governments should mitigate the
adverse effects of economic fluctuations on population health.
Abnormal fluctuations in economic development often affect
the uncertainty of countries’ health care policies, especially
during crises (32). According to the World Health Organization
in 2018, the rate of healthcare spending in BRICS countries
is 8%, with the fastest increase in the share of healthcare
spending in emerging economies. However, high health care
expenditure growth was accompanied by a decline in premature
non-communicable disease (cardiovascular disease, cancer,
diabetes, chronic respiratory diseases) mortality, from −1.6% in
2000–2010 to −1.1% in 2010–2016. This has caused researchers
to worry about the negative effects of an overheated economy
on population health. In addition, the entry of large amounts
of state capital into the health care market has had a profound
impact on improving the national health care system. The
complex volatility of the business cycle has an impact on the
population’s healthcare investment and importance through
income and substitution effects (33, 34). In addition, because
emerging market healthcare systems are immature, they are
subject to greater pressure from rapidly changing business
cycles (35, 36). To address the shortcoming that associations
between variables may be affected by external factors and exhibit
non-linear characteristics (37), this paper explores whether
population health is influenced by economic growth applying a
panel threshold regression model. Also, we further investigate
whether this linkage is asymmetric and find new evidence on
factors affecting health, filling in the gaps in these issues.

While the positive correlation between the two variables is
most intuitively evident in the economic development process,
the role of the business cycle on population health (mortality)
remains ambiguous and controversial in emerging economies.
And does sustained economic growth (even overheating) also
improve health? Will there be a threshold effect in the panel
sample from BRICS and ASEAN countries? Therefore, this paper
makes the following contributions to the study of the above
issues. Firstly, the empirical results find that BRICS and ASEAN
countries have an inverted U-shaped relationship on the defined
threshold, which may be caused by the decline of marginal utility
of economic growth and the dominance of substitution utility.
This threshold effect means that economic overheating does not
bring the same improvements to health care but rather wastes it.
Secondly, by comparing the same relationship with high-income
countries, we find that the relevant of consumer price index
on health different from the health utility model (15) of which
heterogeneity is only for ASEAN. This implies that inflation in
ASEAN countries has increased the burden of health care on
individuals. And the stronger role of government intervention
in BRICS countries is well-implemented in the establishment
of health care delivery systems. Thirdly, because uncertainty
in external factors may affect the relationship of variables (37,
38), this paper considers a panel threshold regression model
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to explore the non-linear characteristics of population health
and economic growth. Also, we further investigate whether this
linkage is asymmetric. These supplement the defects of the linear
hypothesis in the previous literature.

The rest of the paper is structured as follows. Section
“Literature Review” reviews the existing literature, whereas
Section “The Health Utility Model With Economic Growth”
presents the health model. Section “Methodology” describes
the econometric approach employed in this paper. Section
“Data” is the data description. Section “Empirical Results”
shows the findings of the study. Section “Conclusions” offers
concluding remarks.

LITERATURE REVIEW

In the process of economic development, the positive correlation
between the business cycle and resident health is observed.
Brenner (12) indicates that economic fluctuation has a negative
impact on the mortality rate of heart disease. Chen (1) and Tapia
Granados and Ionides (25) find a biologically directed causal
relationship between the business cycle and population health.
Biggs et al. (39) note that public health changes synchronously
with the economic cycle, but this procyclical effect is affected by
individual income. Friedman (40) and Svensson and Krüger (41)
also propose that 30% of progress in medical treatment can be
explained by specific economic instability, and business cycles
have long-term effects on population health. Swift (42) argues
that the capital redistribution caused by economic development
is an important factor affecting the health-care system. He et al.
(43) give the evidence of the non-linear effect business cycles
and population health in China. Liu and Huang (3) evidence
that there is an asymmetric influence on business cycles and
population health.

However, this view is not always confirmed, Ruhm (15–17, 44)
studies fixed utility models based on panel data and find that
mortality is procyclical as the business cycle moves. Dollar and
Kraay (45) argue that income inequality caused by economic
growth will worsen the healthy productivity of the poor. Svensson
(46) believe that the rise of GDP in Sweden has a temporary
effect on health and hard to observe. McInerney and Mellor (47)
estimate that the converse periodicity of youth mortality was
contrary to the results of the elderly and children samples.

Intuitively, the promotion effect of the improvement of the
health level on economic development is also rational and
reliable. Davlasheridze et al. (8) argue that healthier levels
contribute to increased work efficiency and productivity. Bloom
and Canning (48) propose that the improvement of health status
and economic development tend to promote each other. Weil
(49) observes that health can serve as a basis for large disparities
between rich and poor countries. Although the literature has
focused more on the positive macroeconomic effects in health
levels, there are also authors like Tapia Granados (21) that
indicate that general health improvement conditions are not so
crucial in determining economic growth. Acemoglu and Johnson
(50) further point out that the influence of GDP on population
health could be negligible in the long run.

The relationship of the theory of bidirectional causality
between the business cycle and population health is also
supported by the mainstream view (9, 10). Weil (51) suggests
that healthier individuals are likely to work more hours and
be more productive and that higher national income may
simultaneously lead to improvements in personal nutrition
and public health infrastructure. Liu and Huang (3) further
provide evidence of the non-linear and asymmetric relationship
of COP on EPU. Bloom and Canning (48) note that there is
a continuing two-way causality between business cycles and
national health systems. Chen (1) supports the hypothesis of a
two-way causal relationship between GDP and population health
in the equilibrium state, and it manifests the information gains
between markets. Barro (52) constructs an extended theoretical
framework of the neoclassical growth model to illustrate the two-
way causality between health status and economic growth. Lam
and Piraerard (53) demonstrate that the correlation between the
health status of the U.S. population and the business cycle varies
over time. In summary, studies conducted in different countries
and over different periods have yieldedmixed results. In addition,
it is unclear whether there is a threshold effect between economic
development and population health. Are economic overheating
and health still procyclical? This paper will make an in-depth
study of the above issues.

THE HEALTH UTILITY MODEL WITH
ECONOMIC GROWTH

We refer to Ruhm’s model (15) to describe the effects of
economic growth on population health. The maximize of the
utility function is set to U(H, Z), where H is health, Z is general
consumer products. H depends on medical care (M), non-work
time (R), and baseline status (B), with HB, HR, and HM >0 (The
subscript is the partial derivative). The budget is Y = WL =

PZZ + PMM and time constraints are for R = T−L (Y, T, L, W,
PZ, and PM indicating income, available hours, work hours, the
hourly wage rate, and consumption good price and medical care
price, respectively).

Given L, the optimization problem can be expressed by
the following:

maxM,R,Z = U (H (M,R,B) ,Z) subject toW (T − R)

= PZ + PMM (1)

Such a first-order condition implies that we need to find M, R,
and Z such that UHHM/PM = UHHR/W = UZ/PZ holds.

Economic growth leads to possible changes in the relative
price of health care services, and baseline health may rise or fall.
In addition, wage rates may rise. a decrease in PM will increase
optimal health. If substitution effects dominate, higher wages
will increase the desired hours of work. This worsens health by
increasing the time cost of maintaining health activities but also
increases earnings. Thus, the overall effect of economic growth
on health is unclear.

If Z has a direct effect on health, the utility function becomes
H = H (M, R, B, Z) and the optimization problem is UHHM/PM
= UHHR/W = (UH/HZ + UZ)/PZ. Z has an indirect effect on
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utility. W generally changes in the same direction as M and Z. If
HZ > 0, H is more likely to decline compared to when HZ = 0.
Conversely, a decrease in income is more likely to improve health
if H < 0.

Following the demand for health theory, we set the baseline
state at time t to be :

Bt = B (Bt−1,Mt−1, δ, εt) = (1− δ)Bt−1 +mt−1 + εt (2)

where δ is the depreciation rate of health capital, ε is stochastic
shock, and m = Mα , with 0 < α < 1. After substitution into the
equation, we get:

Bt = (1− δ)n Bt−n +
∑n−1

i=0
(1− δ)i (mt−i−1 + εt−i) (3)

If n is large, (1− δ)nBt−n approaches zero and the baseline state
at t is influenced by health care investment and shocks. Changes
in income and time costs affect the current and future health
care delivery.

METHODOLOGY

Tests of Gibrat’s Law
We construct a basic model to test the influencing factor of
healthy and verify whether the economic growth rate of emerging
countries conforms to Gibrat’s law (54). In conjunction with
Yu et al. (55), the original Gibrat’s law is formally formulated
as follows:

Si,t − Si,t−1

Si,t−1
= εi,t (4)

where St is the economic growth rate during the period of t.
εt follows a normal distribution. Gibrat’s law states that the
variation in the explanatory variable is independent of the size of
the independent variable. Therefore, if the law holds, the health
level will have a log-normal distribution. This means that the
proportional probability of change in growth over time should
be the same for all countries within an economic organization
in a given period. However, this has no relation to its economic
development in the initial period. Gibrat’s law is verified by the
following verification formula for random walk compliance:

1 log(Si,t) = αi + βi log
(

Si,t−1

)

+ ε
i,t

(5)

where the null hypothesis is: βi ≤ 0. To calculate βi, we utilize
two panel unit root tests.

Previous empirical studies have explored the applicability of
Gibrat’s law, but conflicting views remain. Some early studies did
not support a positive relationship between enterprise economic
growth and population health (16, 17). Other studies further find
that a positive or negative relationship between the two variables
does not necessarily affect the applicability of Gibrat’s law (55,
56). Recent studies have proposed that the validity of Gibrat’s law
varies with different sample sizes (57), years of observation (58).
Based on previous studies, we consider Gibrat’s law to investigate
the economic growth rate of emerging countries.

Panel Threshold Regression Model (PTRM)
We refer to the panel single threshold regression model of
Hansen (59). {cit ,GDPit , xit : 1 ≤ i ≤ n, 1 ≤ t ≤ T}, by
establishing the following single threshold model:

cit =

{

µit + β1GDPit + α
′
1xit + εit , if GDPit ≤ γ

µit + β2GDPit + α
′
2xit + εit , if GDPit > γ

(6)

where GDPit is the growth rate of real GDP per capita as the
threshold variable; cit is the cancer incidence; γ is the estimated
threshold value; β1 and β2 are the threshold coefficients; xit is
the control variable; α1 and α2 are coefficients of the control
variables; and µit denotes the fixed effect in different countries
under varying conditions. εit is a white noise process compliance
with εit ∼ (0, σ 2); i and t denote the countries and time.

Equation (6) can also transform into the following formula:

cit = µit + β1GDPitψ(GDPit ≤ γ ) + β2GDPitψ(GDPit > γ )

+α′xit + εit (7)

However, there may in fact be more turning points in
applications. Hence, the multiple shapes of the threshold model
can be expressed as Eq. (8):

cit =







µit + β1GDPit + α
′
1xit + εit , if GDPit ≤ γ1

µit + β2GDPit + α
′
2xit + εit , if γ1 < GDPit ≤ γ2

µit + β3GDPit + α
′
3xit + εit , if GDPit > γ2

(8)

The regression shape of above can also show as:

cit = µit + β1GDPitψ (GDPit ≤ γ1)

+ β2GDPitψ
(

γ1 < GDPit ≤ γ2
)

+ β1GDPitψ(GDPit > γ2)+ α
′xit + εit (9)

where γ1 and γ2 are threshold values (γ1 < γ2). Accordingly,
multiple threshold regression models can also be deduced.

Previous studies of variable relationships in the literature
have been based on the assumption of linearity, and such
conclusions are not convincing. Yeh et al. (37) point out that
the association between variables may be influenced by external
factors and exhibit non-linear characteristics. The use of PTRM
obtained a non-linear and asymmetric relationship between
economic growth and population health. Furthermore, the
method effectively eliminates individual fixed effects, and the use
of two-stage least squares confirm the results (60). However, due
to the limited sample size, the use of bootstrap method to draw
the sample has strict requirements on the number of replications.
We choose 500 as the parameter to minimize the effect of the
resulting inaccuracy on the results (61). In addition, there may
not be just a single threshold effect in the actual empirical results.
The existence of multiple threshold effects increases the difficulty
of analyzing the relationship between variables.

DATA

The sample used the annual data from 1990 to 2019 including a
total of 450 annual entries. Since cancer data for most countries
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TABLE 1 | Descriptive statistics of the variables.

Mean Maximum Minimum Std. Dev. Skewness Kurtosis Jarque-Bera

BRICS CI 18.499 25.560 12.470 4.091 0.193 1.756 1.838

CPI 72.925 119.990 37.205 26.778 0.364 1.817 2.089

GDP 9,264.723 11,567.000 7,154.200 1,372.790 0.225 1.794 1.796

IC 19,097.200 23,597.000 15,025.300 2,668.759 0.240 1.795 1.823

SP 0.447 0.481 0.421 0.013 0.398 3.942 1.648

ASEAN CI 19.990 29.160 11.620 5.871 0.099 1.573 2.250

CPI 68.479 136.800 17.748 34.551 0.309 2.129 1.237

GDP 5,691.715 7,784.000 4,361.800 1,253.775 0.490 1.657 2.992

IC 10,154.080 14,256.000 7,544.000 2,457.967 0.487 1.672 2.939

SP 0.495 0.557 0.395 0.040 −0.880 3.114 3.370

were collected from 1990, the sample covers a period starting
in 1990. The data sources are the National Bureau of Statistics
and the Gapminder Database. Most previous studies believe
that the composite cancer incidence (CI) is one of the factors
that significantly affect the health of the population because the
composite cancer incidence can reflect the overall medical level
of a country (62, 63). Pan et al. (64) and Lim et al. (65) chose
the incidence of cancer as a measure of health. In this paper,
real GDP per capita (GDP) is used to measure the growth of
the business cycle in each country and as a threshold variable
(66–68). In general, an increase in real GDP per capita greatly
increases consumption levels and expands government spending,
and a large number of empirical studies have demonstrated that
real GDP per capita has a positive effect on population health
(5–7). However, government investment in healthcare is also an
expensive activity that does not guarantee potential returns (44),
which motivates to study the threshold effect of GDP. In general,
business cycle adjustment has a lagged effect on population
health, so the explanatory variable is selected as the prior period
real GDP per capita.

Three control variables are introduced in this study. The
first is the consumer price index (CPI), which captures changes
in the price levels of consumer goods and services generally
purchased by households (69, 70). Its rate of change reflects the
degree of inflation or deflation (71). Individuals will weigh the
costs and benefits of spending on health care to influence their
health status (72). The second is the disposable income per capita
(IC), which is considered the most important determinant of
consumer spending and thus is often used to measure changes in
a country’s standard of living (73, 74). Ettner (75) further states
that residents with higher incomes have a stable and sufficient
cash flow, allowing individuals to spend more of their spending
on healthcare. Finally, the service percentage of GDP (SP) has
long been used as an indicator for developed countries (76, 77).
However, the higher share of services is not better, and a rising
share may or may not be the result of the industrial division
of labor, rising costs, and underdeveloped manufacturing. The
diversified structure of the service sector can also have an impact
on the healthcare industry (78).

Table 1 divides the 15 emerging economies into BRICS and
ASEAN countries for the statistical description of variables.

TABLE 2 | Panel unit root tests.

Variables Panel augmented Dickey–Fuller test

Levin-Lin-Chu Im-Pesaran-Shin

t-Statistic p-Value t-Statistic p-Value

BRICS CI −4.438 0.077 −2.154 0.061

CPI −5.550 0.010 −2.541 0.007

GDP −5.241 0.091 −1.896 0.078

IC −5.060 0.071 −1.955 0.074

SP −10.758 0.000 −4.986 0.000

ASEAN CI −5.148 0.100 −1.866 0.085

CPI −8.614 0.000 −2.655 0.000

GDP −15.370 0.000 −4.809 0.000

IC −15.219 0.000 −4.635 0.000

SP −13.299 0.000 −3.663 0.000

As can be seen from Table 1, ASEAN has a higher mean
composite CI rate of 18.499 per 1,000 people. This may be
related to the late start of cancer treatment in some ASEAN
countries. The real GDP per capita and the disposable income per
capita of BRICS countries are significantly higher than those of
ASEAN countries, with an average of 9,264.723 and 19,097.200,
respectively. The Std. Dev. in CI variable is significantly larger in
ASEAN countries, which may be due to the greater differences in
economic development within the same organization. In terms
of the proportion of services in GDP, the industrial structure of
ASEAN countries is better, with an average of 49.5% and BRICS
for 44.7%. We can also observe that the kurtosis of SP is >3 for
both economic organizations, showing a thick tail. Consumer
prices in both economies have risen sharply recently, and the
data structure is skewed to the right. The Jarque-Bera test results
indicate that all of the data series follows a normal distribution.

EMPIRICAL RESULTS

We perform a panel unit root test to investigate whether
population health in emerging economies is consistent with

Frontiers in Public Health | www.frontiersin.org 5 March 2021 | Volume 9 | Article 66127912

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Su et al. Economic Feedback on Population Health

TABLE 3 | Tests for threshold effects between GDP and Health indexes.

Single threshold effect test Double threshold effect test

Threshold value F-statistics p-Value Threshold value F-statistics p-Value

BRICS 0.0649* 9.2232 0.0810 0.0649 0.0752 8.8047 0.1500

ASEAN 0.0357** 13.2673 0.0434 0.0357 0.0438 7.2657 0.1900

**, and * respectively indicates significance at the 5, and 10% level.

TABLE 4 | Estimated coefficients of real GDP per capita growth in different regions.

Region Coefficient Estimated value OLS se tOLS White se tWhite

BRICS β̂1 −0.3337 0.0858 −3.8892*** 0.0765 −4.3620***

β̂2 −0.2097 0.0889 −2.3588** 0.0694 −3.0216***

ASEAN β̂1 −0.0833 0.0372 −2.2392** 0.0178 −4.6797***

β̂2 0.1039 0.0721 1.4410* 0.0625 1.6624*

OLS se (White se) refers to homogeneous (heterogeneous) standard deviations. ***, **, and *, respectively, indicates significance at the 1, 5, and 10% level.

Gibrat law. Referring to Shiller and Perron (79), the one-
equation ADF test performs poorly in small samples. In this
paper, the tests of Levin et al. [(80), LLC] and Im et al.
[(81), IPS] tests are considered to address the limited power
problem. As it stands out in Table 2, there is no unit root
of cancer incidence, which does not comply with Gibrat’s law.
Furthermore, we should conform stationary of all variables
before using PTRM to avert pseudo-regression. The panel unit
root tests for both LLC and IPS manifest that variables are all
significant at the level of 10%. Therefore, we proceed to analyze
the PTRM.

The results recorded, highlighted in Table 3, presents an
optimal level of capital structure for both BRICS and ASEAN
countries. The single threshold of GDP growth rate for BRICS
countries is 0.0649, which is significant at 10% level of
significance and F-statistic is 9.2232. Also, according to Table 4,
there is a significant negative correlation between GDP and CI
when the economic growth rate of BRICS countries is <0.0649
and the estimated coefficient is−0.3337. The negative correlation
exhibited becomes weaker when the GDP growth rate is greater
than a limited threshold. It indicates that there is a single
threshold effect, which makes the model show an asymmetrical
non-linear relationship with inflection points.

The health care budget of BRICS countries has increased
approximately six times since 1999. In 2017, at the BRICS
meeting on “Building an Integrated Health Service System for
the Future,” China clarified that the share of personal health
expenditure in total health costs has been reduced to <30%.
The government’s public spending on health care has been
effective. In India and Brazil, the share of health in GDP
exceeded 6 and 8% after 2015, and their public health spending
exceeded 20% of total health costs, plaguing the incidence of
lung and oral cancer by 2% in 10 years (82). South Africa has
also developed public-private partnership mechanisms in recent
years, effectively alleviating the shortage of health resources

(83). Russia’s health insurance foundation has made more than
1,000 commonly used drugs free of charge, significantly meeting
the population’s basic medical needs (84). Although economic
growth can bring about improvements in public health facilities
through government spending on health care, Arrive and Feng
(85) still point out that health care resources are wasted in
BRICS countries. According to the Endpoints News Global Drug
R&D Spending 2016 ranking, Chinese drug companies spent
a total of only 3.5 billion dollars on R&D. Such inefficient
capital investment significantly slows healthcare outcomes. In
addition, research by Sahu and Gahlot (86) suggests that the
negative health correlation in BRICS countries is largely related
to corruption in their healthcare systems.

In contrast, in ASEAN countries, the effect of economic
growth on health is in an inverted U-shape, i.e., an overheated
economy worsens health. In Table 3 when the economic growth
rate exceeds the threshold value of 0.0357, the estimated
coefficient is 0.1039, i.e., overheated economic growth instead
increases the cancer incidence, which was not observed in
previous studies.

The effect of economic growth on the reduction of cancer
incidence is very obvious when the economic growth rate is
less than the inflection point, which is closely related to the
health expenditure of ASEAN countries (87). As of the official
website of the World Health Organization in 2017, the overall
share of health expenditure in ASEAN countries exceeded 4% of
GDP, with Cambodia’s health expenditure ratio reaching 5.9%.
In addition, the 2018 ASEAN Health Cooperation Forum was
held to strengthen cooperation on health emergencies and food
safety and nutritional health, which effectively contributed to
the long-term population health of ASEAN countries (88). But
the existence of inflection points reveals problems in the health
care systems of ASEAN countries (22, 23). Ruhm (44) argues
that more income does not drive healthy consumption when per
capita income levels increase, which is particularly evident in

Frontiers in Public Health | www.frontiersin.org 6 March 2021 | Volume 9 | Article 66127913

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Su et al. Economic Feedback on Population Health

TABLE 5 | Estimated coefficients of the control variables.

Region Coefficient Estimated value OLS se tOLS White se tWhite

BRICS α̂1 0.0288 0.0152 1.8947* 0.0138 2.0869**

α̂2 −0.0028 0.0015 −1.8666* 0.0017 −1.6470*

α̂3 −0.0240 0.0203 −1.1822 0.0121 −1.9834*

ASEAN α̂1 0.0428 0.0260 1.6461* 0.0213 2.0093**

α̂2 −0.0106 0.0038 −2.7894*** 0.0082 −1.2926

α̂3 −0.0125 0.0054 −2.3148*** 0.0079 −1.5822*

OLS se (White se) refers to homogeneous (heterogeneous) standard deviations. The estimated coefficients of α̂1 is for consumer price index, α̂2 is for disposable income per capita, α̂3

is for services percent of GDP. ***, **, and *, respectively, indicate significance at the 1, 5, and 10% level.

low-income countries. Also, according to the law of diminishing
marginal health utility, excessive economic growth may lead to
a greater substitution effect on health care investment than the
income effect. Kimman et al. (89) show that the burden of cancer
in ASEAN countries does not decrease as a result of increased
income. Haseeb et al. (90) note that R&D spending on health care
in ASEAN countries has been slow to improve population health
and that technical barriers to health care have led to significant
wastage of government funds.

For the threshold of BRICS and ASEAN countries, we
can further determine the impact of each control variable on
population health which we highlight (Table 5). As pointed out
in Table 5, CPI has a positive effect on CI in both BRICS and
ASEAN countries. Research fromDunn et al. (91) show that a rise
in the CPI means a decrease in the purchasing power of goods,
and likewise a decrease in spending on health care. Inflation can
likewise shrink your investment in health care, which can make a
big loss in residents’ health insurance (92). This is particularly
evidenced by the CPI of the BRICS countries. Using 2010 as
a benchmark, inflation in the BRICS countries has increased
at a rate >5% per year over past decade. In contrast, there is
a negative correlation between SP and CI in both BRICS and
ASEAN. Increasing tertiary output in emerging economies has
accelerated the development of medical services, with the average
SP in ASEAN countries exceeding 49.5%. Patel (93) argues that
advances in medical services have increased timely patient access
and cure rates, which is attributed to the large investment in
medical services capital. Finally, higher IC also improves health,
and people may spendmore of their income on giving themselves
health insurance and disease treatment (5, 6, 39). Moscone and
Tosetti (94) find that higher disposable incomemakes the average
person more concerned about his or her health status, which
is reflected in the average annual health care expenditure of
individuals. From a physiological perspective, higher IC leads to
higher nutritional food intake, whichwould significantly improve
health, especially in poorer areas (95, 96).

In order to obtain more reliable conclusions, we select two
new control variables to consider it in a robustness test. The new
control variable includes government expenditure on health care
(GEH), which refers to the financial allocation of governments
for health undertakings (97). GEH includes funds for public
health services and public medical services and often uses
as a direct economic indicator of population health (98, 99).

Another control variable is the investment percentage of GDP
(IP), which is an effective measure of the size of the country’s
real economy (100–102). To address the endogeneity problem,
we consider that the business cycle affects population health,
which in turn stimulates economic development through higher
productivity. In this paper, we add CIi,t−1 to the model to address
the endogeneity issue. These variables are then added to the
estimating equation to construct the following panel threshold
model of (1)–(3).

Model (1) : cit = µit + β1GDPit (GDPit ≤ γ )

+β2GDPit (GDPit > γ )+ α′1CPit

+α′2ICit + α
′
3SPit + α

′
4ci,t − 1

Model (2) : cit = µit + β1GDPit (GDPit ≤ γ )

+β2GDPit (GDPit > γ )+ α′1CPit

+ α′2ICit + α
′
3SPit+α

′
4ci,t−1 + α

′
5GEHit

Model (3) : cit = µit + β1GDPit (GDPit ≤ γ )

+β2GDPit (GDPit > γ )+ α′1CPit

+ α′2ICit + α
′
3SPit+α

′
4ci,t−1 + α

′
5GEHit

+ α′6IPit

Table 6 display that for different empirical models, there is still
a single threshold effect for the BRICS and ASEAN countries.
According to Table 7, the estimated coefficients of economic
growth for the two organizations are positive and negative in
line with Table 4, indicating that there is indeed a non-linear
relationship for the ASEAN countries. The robustness test shows
that even with the addition of different control variables, the
threshold effect of the economic growth rate is also significant.
These consistent with the results in Table 3 and a more reliable
conclusion is obtained.

The health care systems in BRICS and ASEAN countries face
enormous challenges due to the demographic transition that
accompanies rapid economic growth in emerging economies,
which leads to an unclear relationship between business cycles
and population health. However, the relevant literature does
not provide convincing conclusions. Therefore, this paper uses
PTRM to explore the relationship between economic growth
and population health to provide more convincing conclusions.
The findings suggest that the association is non-linear and
asymmetric and yield a threshold economic growth rate. When

Frontiers in Public Health | www.frontiersin.org 7 March 2021 | Volume 9 | Article 66127914

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Su et al. Economic Feedback on Population Health

TABLE 6 | Tests for threshold effects between GDP and Health indexes.

Single threshold effect test Double threshold effect test

Threshold value F-statistics p-Value Threshold value F-statistics p-Value

BRICS Model (1) 0.0647* 9.3591 0.0715 0.0647 0.0731 8.0547 0.1532

Model (2) 0.0636* 8.8915 0.0800 0.0636 0.0726 7.3599 0.1667

ASEAN Model (1) 0.0357** 12.9810 0.0472 0.0357 0.0445 4.9040 0.1900

Model (2) 0.0349* 11.0921 0.0589 0.0349 00491 5.2300 0.1762

**, and *, respectively, indicate significance at the 5, and 10% level.

TABLE 7 | Estimated coefficients of models.

Coefficient Estimated value OLS se tOLS White se tWhite

BRICS Model (1) β̂1 −0.2891 0.1450 −1.9938* 0.1616 −1.7890*

β̂2 −0.1003 0.0730 −1.3740 0.0671 −1.4948

Model (2) β̂1 −0.2873 0.1095 −2.6237*** 0.1941 −1.4802

β̂2 −0.1003 0.0739 −1.3572 0.0632 −1.5870

Model (3) β̂1 −0.2852 0.0731 −3.9015*** 0.0929 −3.0699***

β̂2 −0.0957 0.0310 −3.0870*** 0.0478 −2.0020**

ASEAN Model (1) β̂1 −0.1290 0.0803 −1.6065* 0.0680 −1.8971*

β̂2 0.0943 0.0721 1.3079 0.0925 1.0195

Model (2) β̂1 −0.1204 0.0599 −2.0100** 0.0517 −2.3288***

β̂2 0.1076 0.0620 1.7355* 0.0540 1.9926**

Model (3) β̂1 −0.1292 0.0419 −3.0835*** 0.0401 −3.2219***

β̂2 0.1392 0.0502 2.7729*** 0.0593 2.3473***

OLS se (White se) refers to homogeneous (heterogeneous) standard deviations. ***, **, and *, respectively, indicate significance at the 1, 5, and 10% level.

economic growth is less than the estimated optimal level, there
is a positive association with population health improvement.
Conversely, when the level of economic development is higher
than the estimated threshold, excessive health care investment
leads to a waste of resources, which deteriorates population
health. Therefore, it is important to keep control of the
economic growth rate. Maintaining the optimal rate of economic
development and actively intervening in the health care market
when the economy is overheated are issues that policymakers
need to address.

This study also has some limitations, so we also make some
suggestions for future research. First, there is more cooperation
in trade and services between BRICS and ASEAN countries,
but there is also a promising cooperation and exchange in
medical technology. Until this process is completed, more
accurate conclusions will be drawn. Second, the key macro
indicators of national health are heavily subsidized by individual
countries here. However, these data are opaque, so we should
pay more attention to the detailed information released by
local governments. Third, as the level of medical care continues
to evolve, indicators measuring the health of the population
will be constantly updated, especially in the COVID-19 period.
Future studies could follow this process and repeat the analysis
if necessary.

CONCLUSIONS

This paper performs a panel unit root test to examine
whether Gibrat’s law applies to economic growth in emerging
economies. Through Table 2, we notice the stationary hypothesis
of cancer incidence cannot be rejected, which suggests that
health indicators follow a random walk and the rate of economic
growth is the important variable effect on population health.
Subsequently, this paper uses the PTRM model to explore
the existence of a threshold effect of economic growth on
population health in the BRICS and ASEAN countries with
panel data from 1990 to 2019. In our study, economic growth
is defined as real GDP per capita (GDP), and we find 0.0649
and 0.0357 as the threshold rates of economic growth in
BRICS and ASEAN countries, respectively. When economic
growth is below this level, more funding for health care triggers
improvements in population health. However, once this level
is exceeded, increased health care investment may do not
receive a corresponding return. The conclusions offer worthy
insights into the means of intervention by policymakers in
the healthcare sector in the face of economic overheating.
Changes in economic expansion may have serious negative
impacts on health care systems in emerging economies, and
BRICS governments should adopt more aggressive health care
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regulatory policies to avoid wasting health care resources
during economic overheating. Population health in ASEAN
countries responds more clearly during economic overheating,
and policymakers can utilize their geographical advantages to
actively promote intra-regional medical exchanges and mitigate
the impact of the inflection point.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

C-WS: conceptualization, methodology, and software. S-WH:
data curation and writing- original draft preparation. RT:
visualization and investigation. MH: writing-reviewing and
editing. All authors contributed to the article and approved the
submitted version.

FUNDING

This research was partly supported by the National Social Science
Fund of China (Grant 20BJY021).

REFERENCES

1. Chen, WY. Health progress and economic growth in the

USA: the continuous wavelet analysis. Empir Econ. (2016)

50:831–55. doi: 10.1007/s00181-015-0955-6

2. López-Casasnovas G, Soley-Bori M. The socioeconomic determinants of

health: economic growth and health in the OECD countries during

the last three decades. Int J Environ Res Public Health. (2014) 11:815–

29. doi: 10.3390/ijerph110100815

3. Liu YH, Huang WH. Asymmetric effect of business cycles on population

health: evidence from the ASEAN countries. Front Public Health. (2020)

8:32. doi: 10.3389/fpubh.2020.00032

4. Jakovljevic M, Getzen TE. Growth of global health spending share

in low and middle income countries. Front Pharmacol. (2016)

7:21. doi: 10.3389/fphar.2016.00021

5. Reeves A, Basu S, McKee M, Meissner C, Stuckler D. Does investment in

the health sector promote or inhibit economic growth? Glob Health. (2013)

9:1–12. doi: 10.1186/1744-8603-9-43

6. Halici-Tülüce NS, Dogan I, Dumrul C. Is income relevant for health

expenditure and economic growth nexus? Int J Health Econ Manage. (2016)

16:23–49. doi: 10.1007/s10754-015-9179-8

7. Colman G, Dave D. Unemployment and health behaviors over the

business cycle: a longitudinal view. Natl Bureau Econ Res. (2014) 85:93–

120. doi: 10.3386/w20748

8. Davlasheridze M, Goetz SJ, Han Y. The effect of mental health on US County

economic growth. Rev Region Stud. (2018) 48:155–71.

9. Xu X. The business cycle and health behaviors. Soc Sci Med. (2013) 77:126–

36. doi: 10.1016/j.socscimed.2012.11.016

10. Aparicio A, González L, Castelló JV. Newborn health and the

business cycle: the role of birth order. Econ Hum Biol. (2020)

37:100836. doi: 10.1016/j.ehb.2019.100836

11. Pritchett L, Summers LH. Wealthier is healthier. J Hum Resour. (1996)

31:841–68. doi: 10.2307/146149

12. Brenner MH. Mental Illness and the Economy. Cambridge: Harvard

University Press (1973).

13. Brenner MH. Trends in alcohol consumption and associated illnesses:

some effects of economic changes. Am J Pub Health. (1975) 65:1279–

92. doi: 10.2105/AJPH.65.12.1279

14. Brenner MH. Mortality and the national economy: a review, and the

experience of England and Wales, 1936-76. Lancet. (1979) 314:568–

73. doi: 10.1016/S0140-6736(79)91626-X

15. Ruhm CJ. Are recessions good for your health? Q J Econ. (2000) 115:617–

50. doi: 10.1162/003355300554872

16. Ruhm CJ. Good times make you sick. J Health Econ. (2003) 22:637–

58. doi: 10.1016/S0167-6296(03)00041-9

17. Ruhm CJ. Healthy living in hard times. J Health Econ. (2005) 24:341–

63. doi: 10.1016/j.jhealeco.2004.09.007

18. Alleyne G, Cohen D. Health, Economic Growth, and Poverty Reduction.

Geneva: World Health Organization (2002).

19. Lorentzen P, McMillan J, Wacziarg R. Death and development. J Econ

Growth. (2008) 13:81–124. doi: 10.1007/s10887-008-9029-3

20. Neumayer E. Recessions lower (some) mortality rates:

evidence from Germany. Soc Sci Med. (2004) 58:1037–

47. doi: 10.1016/S0277-9536(03)00276-4

21. Tapia Granados JA. Recessions and Mortality in Spain, 1980–1997. Eur J

Popul. (2005) 21:393–422. doi: 10.1007/s10680-005-4767-9

22. Gerdtham UG, Ruhm CJ. Deaths rise in good economic

times: evidence from the OECD. Econ Hum Biol. (2006)

43:298–316. doi: 10.1016/j.ehb.2006.04.001

23. Lin SJ. Economic fluctuations and health outcome: a panel

analysis of Asia-Pacific countries. Appl Econ. (2009) 41:519–

30. doi: 10.1080/00036840701720754

24. McKay A, Reis R. The role of automatic stabilizers in the US business cycle.

Econometrica. (2016) 84:141–94. doi: 10.3386/w19000

25. Tapia Granados JA, Ionides EL. The reversal of the relation

between economic growth and health progress: Sweden in

the 19th and 20th centuries. J Health Econ. (2008) 27:544–

63. doi: 10.1016/j.jhealeco.2007.09.006

26. Tapia Granados JA. Economic growth and health progress in England

and Wales: 160 years of a changing relation. Soc Sci Med. (2012) 74:688–

95. doi: 10.1016/j.socscimed.2011.11.019

27. Douglas M, Katikireddi SV, Taulbut M, McKee M, McCartney G. Mitigating

the wider health effects of COVID-19 pandemic response. BMJ. (2020)

369:m1557. doi: 10.1136/bmj.m1557

28. Alhassan GN, Adedoyin FF, Bekun FV, Agabo TJ. Does life expectancy, death

rate and public health expenditure matter in sustaining economic growth

under COVID-19: empirical evidence from Nigeria? J Public Aff. (2020)

8:2–10. doi: 10.1002/pa.2302

29. Hansen BE. Sample splitting and threshold estimation. Econometrica. (2000)

68:575–603. doi: 10.1111/1468-0262.00124

30. Chongsuvivatwong V, Phua KH, Yap MT, Pocock NS, Hashim JH, Chhem,

R., et al. Health and health-care systems in southeast Asia: diversity and

transitions. Lancet. (2011) 377:429–37. doi: 10.1016/S0140-6736(10)61507-3

31. Gnanasagaran, A. Driving growth in ASEAN economies. The Asean

Post. (2018). Available online at: https://theaseanpost.com/article/driving-

growth-asean-economies (accessed July 7, 2018).

32. Benatar SR, Gill S, Bakker I. Global health and the global economic

crisis. Am J Public Health. (2011) 101:646–53. doi: 10.2105/AJPH.2009.1

88458

33. Ferreira F, Schady N. Aggregate economic shocks, child schooling, and child

health.World Bank Res Obs. (2009) 24:147–81. doi: 10.1093/wbro/lkp006

34. Gonzalez F, Quast T. Mortality and business cycles by level

of development: evidence from Mexico. Soc Sci Med. (2010)

71:2066–73. doi: 10.1016/j.socscimed.2010.09.047

35. Amankwah-Amoah J. Emerging economies, emerging challenges:

mobilising and capturing value from big data. Technol Forecast

Soc Change. (2016) 110:167–74. doi: 10.1016/j.techfore.2015.

10.022

Frontiers in Public Health | www.frontiersin.org 9 March 2021 | Volume 9 | Article 66127916

https://doi.org/10.1007/s00181-015-0955-6
https://doi.org/10.3390/ijerph110100815
https://doi.org/10.3389/fpubh.2020.00032
https://doi.org/10.3389/fphar.2016.00021
https://doi.org/10.1186/1744-8603-9-43
https://doi.org/10.1007/s10754-015-9179-8
https://doi.org/10.3386/w20748
https://doi.org/10.1016/j.socscimed.2012.11.016
https://doi.org/10.1016/j.ehb.2019.100836
https://doi.org/10.2307/146149
https://doi.org/10.2105/AJPH.65.12.1279
https://doi.org/10.1016/S0140-6736(79)91626-X
https://doi.org/10.1162/003355300554872
https://doi.org/10.1016/S0167-6296(03)00041-9
https://doi.org/10.1016/j.jhealeco.2004.09.007
https://doi.org/10.1007/s10887-008-9029-3
https://doi.org/10.1016/S0277-9536(03)00276-4
https://doi.org/10.1007/s10680-005-4767-9
https://doi.org/10.1016/j.ehb.2006.04.001
https://doi.org/10.1080/00036840701720754
https://doi.org/10.3386/w19000
https://doi.org/10.1016/j.jhealeco.2007.09.006
https://doi.org/10.1016/j.socscimed.2011.11.019
https://doi.org/10.1136/bmj.m1557
https://doi.org/10.1002/pa.2302
https://doi.org/10.1111/1468-0262.00124
https://doi.org/10.1016/S0140-6736(10)61507-3
https://theaseanpost.com/article/driving-growth-asean-economies
https://theaseanpost.com/article/driving-growth-asean-economies
https://doi.org/10.2105/AJPH.2009.188458
https://doi.org/10.1093/wbro/lkp006
https://doi.org/10.1016/j.socscimed.2010.09.047
https://doi.org/10.1016/j.techfore.2015.10.022
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Su et al. Economic Feedback on Population Health

36. Haseltine, WA. Affordable Excellence: The Singapore Healthcare Story: How

to Create and Manage Sustainable Healthcare Systems. Brookings Institution

Press (2013) 106–27.

37. Yeh ML, Chu HP, Sher PJ, Chiu, YC. R&D intensity, firm

performance and the identification of the threshold: fresh evidence

from the panel threshold regression model. Appl Econ. (2010)

42:389–401. doi: 10.1080/00036840701604487

38. Su, CW, Qin M, Tao R, Shao XF, Albu LL, Umar M. Can Bitcoin hedge

the risks of geopolitical events? Technol Forecast Soc Change. (2020)

159:120182. doi: 10.1016/j.techfore.2020.120182

39. Biggs B, King L, Basu S, Stuckler D. Is wealthier always healthier? The impact

of national income level, inequality, and poverty on public health in Latin.

Am Soc Sci Med. (2010) 71:266–73. doi: 10.1016/j.socscimed.2010.04.002

40. Friedman J, Schady N. How many infants likely died in Africa as a result

of the 2008–2009 global financial crisis? Health Econ. (2013) 22:611–22.

doi: 10.1002/hec.2818

41. Svensson M, Krüger NA. Mortality and economic fluctuations: evidence

from wavelet analysis for Sweden 1800–2000. J Popul Econ. (2012) 25:1215–

35. doi: 10.1007/s00148-010-0342-8

42. Swift R. The relationship between health and GDP in OECD countries in the

very long run. Health Econ. (2011) 20:306–22. doi: 10.1002/hec.1590

43. He FM, Chang T, Dou ZJ, Li F, Chang KC. Non-linear impact of

china’s economic growth on the health of residents—an empirical

study based on TVP-FAVAR Model. Front Public Health. (2019)

7:380. doi: 10.3389/fpubh.2019.00380

44. Ruhm CJ. Recessions, healthy no more? J Health Econ. (2015) 42:17–

28. doi: 10.1016/j.jhealeco.2015.03.004

45. Dollar D, Kraay A. Growth is good for the poor. J Econ Growth. (2002)

7:195–225. doi: 10.1023/A:1020139631000

46. Svensson M. Do not go breaking your heart: do economic upturns

really increase heart attack mortality? Soc Sci Med. (2007) 65:833–

41. doi: 10.1016/j.socscimed.2007.04.015

47. McInerney M, Mellor J M. Mellor. Recessions and seniors’ health, health

behaviors, and healthcare use: Analysis of the Medicare Current Beneficiary

Survey. J Health Econ. (2012) 31:744–51. doi: 10.1016/j.jhealeco.2012.06.002

48. Bloom DE, Canning D. The health and wealth of nations. Science. (2000)

287:1207–9. doi: 10.1126/science.287.5456.1207

49. Weil DN. Accounting for the effect of health on economic growth. Q J Econ.

(2007) 122:1265–306. doi: 10.1162/qjec.122.3.1265

50. Acemoglu D, Johnson S. Disease and development: the effect of

life expectancy on economic growth. J Polit Econ. (2007) 115:925–

85. doi: 10.1086/529000

51. Weil DN. Health and economic growth. In: Weil DN, editor.

Handbook of Economic Growth. Vol. 2. Amsterdam: Elsevier (2014).

623–82. doi: 10.1016/B978-0-444-53540-5.00003-3

52. Barro RJ. Health and economic growth. Ann Econ Fin. (2013) 14:329–66.

53. Lam JP, Piérard E. The time-varying relationship between

mortality and business cycles in the USA. Health Econ. (2017)

26:164–83. doi: 10.1002/hec.3285

54. Gibrat R. Les Inégalites économique. Pairs: Librairie du Recueil Sirey (1931).

55. Yu J, Chen R, Fang J, Guo, H. Electronic information industry, clustering and

growth: empirical study of the Chinese enterprises. Chinese Manage Stud.

(2013) 7:172–93. doi: 10.1108/CMS-Sep-2011-0083

56. Haltiwanger J, Jarmin RS, Miranda J. Who creates jobs? Small versus large

versus young. Rev Econ Stat. (2013) 95:347–61. doi: 10.1162/REST_a_00288

57. Metzig C, Gordon MB. A model for scaling in firms’ size and growth rate

distribution. Physica A. (2014) 398:264–79. doi: 10.1016/j.physa.2013.11.027

58. Daunfeldt SO, Elert N. When is Gibrat’s law a law? Small Bus Econ. (2013)

41:133–47. doi: 10.1007/s11187-011-9404-x

59. Hansen BE. Threshold effects in non -dynamic panels:

estimation, testing, and inference. J Econ. (1999) 93:345–

68. doi: 10.1016/S0304-4076(99)00025-1

60. Caner M, Hansen BE. Instrumental variable estimation of a threshold model.

Econ Theory. (2004) 1:813–43. doi: 10.1017/S0266466604205011

61. Su CW, Wang KH, Tao R, Lobont OR, Moldovan NC. Does

optimal R&D intensity level exist in Chinese defense enterprises?

Defence Peace Econ. (2021) 32:107–24. doi: 10.1080/10242694.2019.15

97464

62. Wang YC, Wei LJ, Liu JT, Li SX, Wang QS. Comparison of cancer

incidence between China and the USA. Cancer Biol Med. (2012)

9:128. doi: 10.3969/j.issn.2095-3941.2012.02.009

63. Ferlay J, Autier P, Boniol M, Heanue M, Colombet M, Boyle P. Estimates

of the cancer incidence and mortality in Europe in 2006. Ann Oncol. (2007)

18:581–92. doi: 10.1093/annonc/mdl498

64. Pan R, Zhu M, Yu C, Lv J, Guo Y, Bian Z, et al. Cancer incidence and

mortality: a cohort study in China, 2008–2013. Int J Cancer. (2017) 141:1315–

23. doi: 10.1002/ijc.30825

65. Lim H, Devesa SS, Sosa JA, Check D, Kitahara CM. Trends in thyroid cancer

incidence and mortality in the United States, 1974-2013. JAMA. (2017)

317:1338–48. doi: 10.1001/jama.2017.2719

66. Kravis IB, Heston AW, Summers R. Real GDP per capita for more than one

hundred countries. Econ J. (1978) 88:215–42. doi: 10.2307/2232127

67. Maddison A. A comparison of levels of GDP per capita in

developed and developing countries, 1700–1980. J Econ Hist. (1983)

2:27–41. doi: 10.1017/S0022050700028965

68. Su CW, Qin M, Tao R, Moldovan NC, Lobont OR. Factors driving

oil price—from the perspective of United States. Energy. (2020)

197:117219. doi: 10.1016/j.energy.2020.117219

69. Shapiro MD, Wilcox DW. Mismeasurement in the consumer price index: an

evaluation. NBER Macroecon Annu. (1996) 11:93–142. doi: 10.1086/654295

70. Diewert WE. The Consumer Price Index and index number purpose. J Econ

Soc Measur. (2001) 27:167–248. doi: 10.3233/JEM-2003-0183

71. Su CW, Khan K, Tao R, Umar M. A review of resource

curse burden on inflation in Venezuela. Energy. (2020)

204:117925. doi: 10.1016/j.energy.2020.117925

72. Boskin MJ, Dulberger EL, Gordon RJ. Consumer prices, the consumer

price index, and the cost of living. J Econ Perspect. (1998) 12:3–

26. doi: 10.1257/jep.12.1.3

73. Bean LH. Relation of disposable income and the business cycle to

expenditures. Rev Econ Stati. (1946) 28:199–207. doi: 10.2307/1925416

74. Friend I. Relationship between consumers’ expenditures, savings, and

disposable income. Rev Econ Stat. (1946) 28:208–15. doi: 10.2307/19

25417

75. Ettner SL. New evidence on the relationship between income and health. J

Health Econ. (1996) 15:67–85. doi: 10.1016/0167-6296(95)00032-1

76. Daniels PW, O’Connor K, Hutton TA. The planning response to urban

service sector growth: an international comparison. Growth Change. (1991)

22:3–26. doi: 10.1111/j.1468-2257.1991.tb00560.x

77. Kirn TJ. Growth and change in the service sector of the US:

a spatial perspective. Ann Assoc Am Geogr. (1987) 77:353–

72. doi: 10.1111/j.1467-8306.1987.tb00164.x

78. Rathore K, Shahid R, Ali K. Factors affecting service sector’s contribution to

GDP in Pakistan. Pakistan Vision. (2019) 20:175.

79. Shiller R, Perron P. Testing the random walk hypothesis: power versus

frequency of observation. Econ Lett. (1985) 18:381–6. doi: 10.3386/t0045

80. Levin A, Lin CF, Chu CSJ. Unit root tests in panel data:

asymptotic and finite-sample properties. J Econometr. (2002)

108:1–24. doi: 10.1016/S0304-4076(01)00098-7

81. Im KS, Pesaran MH, Shin Y. Testing for unit roots in heterogeneous panels.

J Econometr. (2003) 115:53–74. doi: 10.1016/S0304-4076(03)00092-7

82. Kulkarni L. Health inputs, health outcomes and public health expenditure:

evidence from the BRICS countries. Int J Appl Econ. (2016) 31:72–84.

83. Fombad M. An overview of accountability mechanisms in public-private

partnerships in South Africa. Ufahamu. (2013) 37:1–31. Available online at:

https://escholarship.org/uc/item/18j0h3ng

84. Su CW, Qin M, Tao R, Umar M. Does oil price really

matter for the wage arrears in Russia? Energy. (2020)

208:118350. doi: 10.1016/j.energy.2020.118350

85. Arrive JT, Feng M. Corporate social responsibility disclosure: evidence

from BRICS nations. Corp Soc Responsib Environ Manage. (2018) 25:920–

7. doi: 10.1002/csr.1508

86. Sahu S K, Gahlot R. Perception about corruption in public servicies: a case of

BRICS countries. J Soc Sci Policy Implic. (2014) 2:109–24.

87. Rahman MM, Khanam R, Rahman M. Health care expenditure and health

outcome nexus: new evidence from the SAARC-ASEAN region.Glob Health.

(2018) 14:1–11. doi: 10.1186/s12992-018-0430-1

Frontiers in Public Health | www.frontiersin.org 10 March 2021 | Volume 9 | Article 66127917

https://doi.org/10.1080/00036840701604487
https://doi.org/10.1016/j.techfore.2020.120182
https://doi.org/10.1016/j.socscimed.2010.04.002
https://doi.org/10.1002/hec.2818
https://doi.org/10.1007/s00148-010-0342-8
https://doi.org/10.1002/hec.1590
https://doi.org/10.3389/fpubh.2019.00380
https://doi.org/10.1016/j.jhealeco.2015.03.004
https://doi.org/10.1023/A:1020139631000
https://doi.org/10.1016/j.socscimed.2007.04.015
https://doi.org/10.1016/j.jhealeco.2012.06.002
https://doi.org/10.1126/science.287.5456.1207
https://doi.org/10.1162/qjec.122.3.1265
https://doi.org/10.1086/529000
https://doi.org/10.1016/B978-0-444-53540-5.00003-3
https://doi.org/10.1002/hec.3285
https://doi.org/10.1108/CMS-Sep-2011-0083
https://doi.org/10.1162/REST_a_00288
https://doi.org/10.1016/j.physa.2013.11.027
https://doi.org/10.1007/s11187-011-9404-x
https://doi.org/10.1016/S0304-4076(99)00025-1
https://doi.org/10.1017/S0266466604205011
https://doi.org/10.1080/10242694.2019.1597464
https://doi.org/10.3969/j.issn.2095-3941.2012.02.009
https://doi.org/10.1093/annonc/mdl498
https://doi.org/10.1002/ijc.30825
https://doi.org/10.1001/jama.2017.2719
https://doi.org/10.2307/2232127
https://doi.org/10.1017/S0022050700028965
https://doi.org/10.1016/j.energy.2020.117219
https://doi.org/10.1086/654295
https://doi.org/10.3233/JEM-2003-0183
https://doi.org/10.1016/j.energy.2020.117925
https://doi.org/10.1257/jep.12.1.3
https://doi.org/10.2307/1925416
https://doi.org/10.2307/1925417
https://doi.org/10.1016/0167-6296(95)00032-1
https://doi.org/10.1111/j.1468-2257.1991.tb00560.x
https://doi.org/10.1111/j.1467-8306.1987.tb00164.x
https://doi.org/10.3386/t0045
https://doi.org/10.1016/S0304-4076(01)00098-7
https://doi.org/10.1016/S0304-4076(03)00092-7
https://escholarship.org/uc/item/18j0h3ng
https://doi.org/10.1016/j.energy.2020.118350
https://doi.org/10.1002/csr.1508
https://doi.org/10.1186/s12992-018-0430-1
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Su et al. Economic Feedback on Population Health

88. Cao J. Toward a health silk road: China’s proposal for

global health cooperation. China Q Int Strat Stud. (2020)

6:19–35. doi: 10.1142/S2377740020500013

89. Kimman M, Norman R, Jan S, Kingston D, Woodward M. The

burden of cancer in member countries of the Association of Southeast

Asian Nations (ASEAN). Asian Pac J Cancer Prevent. (2012) 13:411–

20. doi: 10.7314/APJCP.2012.13.2.411

90. Haseeb M, Kot S, Hussain HI, Jermsittiparsert K. Impact of economic

growth, environmental pollution, and energy consumption on health

expenditure and R&D expenditure of ASEAN countries. Energies. (2019)

12:3598. doi: 10.3390/en12193598

91. DunnA, Grosse SD, Zuvekas SH. Adjusting health expenditures for inflation:

a review of measures for health services research in the United States.Health

Serv Rese. (2018) 53:175–96. doi: 10.1111/1475-6773.12612

92. Wolfe B, Gabay M. Health status and medical expenditures: more evidence

of a link. Soc Sci Med. (1987) 25:883–8. doi: 10.1016/0277-9536(87)

90257-7

93. Patel S. A research paper on role of FDI in service sector in growth

of GDP of India. SEMCOM Manage Technol Rev. (2017) 5:101–5.

Available online at: http://www.semcom.ac.in/smtr/SMTR%20PDF/SMTR

%20October%202017.pdf#page=107

94. Moscone F, Tosetti E. Health expenditure and income in the United States.

Health Econ. (2010) 19:1385–403. doi: 10.1002/hec.1552

95. Karp RJ, Cheng C, Meyers AF. The appearance of discretionary income:

influence on the prevalence of under-and over-nutrition. Int J Eq Health.

(2005) 4:1–7. doi: 10.1186/1475-9276-4-10

96. Darmon N, Lacroix A, Muller L, Ruffieux B. Food price policies improve

diet quality while increasing socioeconomic inequalities in nutrition.

Int J Behav Nutr Phys Activ. (2014) 11:1–12. doi: 10.1186/1479-58

68-11-66

97. Shelton CA. The size and composition of government expenditure. J Publ

Econ. (2007) 91:2230–60. doi: 10.1016/j.jpubeco.2007.01.003

98. Mcintyre D, Meheus F, Røttingen JA. What level of domestic government

health expenditure should we aspire to for universal health coverage? Health

Econ Policy Law. (2017) 12:125–37. doi: 10.1017/S1744133116000414

99. Barroy H, Vaughan K, Tapsoba Y, Dale E, Van de Maele N, World

Health Organization. Towards universal health coverage: thinking public.

Overview of trends in public expenditure on health. 2000–2014. (2017).

Available online at: https://pesquisa.bvsalud.org/portal/resource/pt/who-

255782 (accessed July 14, 2017).

100. Su CW, Qin M, Tao R, Umar M. Financial implications of fourth industrial

revolution: can bitcoin improve prospects of energy investment? Technol

Forecast Soc Change. (2020) 158:120178. doi: 10.1016/j.techfore.2020.120178

101. De Long JB, Summers LH. Equipment investment and economic growth. Q

J Econ. (1991) 106:445–502. doi: 10.2307/2937944

102. Ncube M, Anyanwu J C, Hausken K. Inequality, economic growth and

poverty in the Middle East and North Africa (MENA). Afr Dev Rev. (2014)

26:435–53. doi: 10.1111/1467-8268.12103

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Su, Huang, Tao and Haris. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Public Health | www.frontiersin.org 11 March 2021 | Volume 9 | Article 66127918

https://doi.org/10.1142/S2377740020500013
https://doi.org/10.7314/APJCP.2012.13.2.411
https://doi.org/10.3390/en12193598
https://doi.org/10.1111/1475-6773.12612
https://doi.org/10.1016/0277-9536(87)90257-7
http://www.semcom.ac.in/smtr/SMTR%20PDF/SMTR%20October%202017.pdf#page=107
http://www.semcom.ac.in/smtr/SMTR%20PDF/SMTR%20October%202017.pdf#page=107
https://doi.org/10.1002/hec.1552
https://doi.org/10.1186/1475-9276-4-10
https://doi.org/10.1186/1479-5868-11-66
https://doi.org/10.1016/j.jpubeco.2007.01.003
https://doi.org/10.1017/S1744133116000414
https://pesquisa.bvsalud.org/portal/resource/pt/who-255782
https://pesquisa.bvsalud.org/portal/resource/pt/who-255782
https://doi.org/10.1016/j.techfore.2020.120178
https://doi.org/10.2307/2937944
https://doi.org/10.1111/1467-8268.12103
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


ORIGINAL RESEARCH
published: 18 March 2021

doi: 10.3389/fpubh.2021.653480

Frontiers in Public Health | www.frontiersin.org 1 March 2021 | Volume 9 | Article 653480

Edited by:

Chi Wei Su,

Qingdao University, China

Reviewed by:

Wei Zhou,

Yunnan University of Finance and

Economics, China

Lanhao Li,

University of Southern California,

United States

*Correspondence:

Yaling Luo

luoyy@scu.edu.cn

Specialty section:

This article was submitted to

Health Economics,

a section of the journal

Frontiers in Public Health

Received: 14 January 2021

Accepted: 09 February 2021

Published: 18 March 2021

Citation:

Pu X, Zeng M and Luo Y (2021) The

Effect of Business Cycles on Health

Expenditure: A Story of Income

Inequality in China.

Front. Public Health 9:653480.

doi: 10.3389/fpubh.2021.653480

The Effect of Business Cycles on
Health Expenditure: A Story of
Income Inequality in China
Xiaohong Pu, Ming Zeng and Yaling Luo*

School of Public Administration, Sichuan University, Chengdu, China

Using the panel data of 31 regions in China from 2002 to 2018, this study aims to

investigate the effect of business cycles on health expenditure from the role of income

inequality. We find that health expenditure experiences a change from pro-cyclical

to counter-cyclical with business cycles. Specifically, business cycles have a different

influence on health expenditure before and after the financial crisis in 2008. Our findings

also show that income inequality can moderate the impact of business cycles on health

expenditure in China. More importantly, the role of income inequality in the above issue

varies from different regions. We conclude that the government should try to take active

steps to control health expenditure by decreasing income inequality.

Keywords: business cycles, health expenditure, income inequality, financial crisis, population health

INTRODUCTION

During the economic downturn caused by COVID-19, the relationship between business cycles and
health issues has again attracted the attention of academics (1). In fact, health expenditure is directly
related to residents’ health level and living standard. According to China’s National Statistics Bureau
(2), the total health expenditure has increased from 5,709.03 billion RMB in 2002 to 59,121.91
billion RMB in 2018, and the share of health expenditure in the gross domestic product (GDP)
has fluctuated from 4.76% in 2002 to 6.57% in 2018. Figure 1 shows the trend of business cycles
and health expenditure in China during 2002–20181. As can be seen from the figure, the trend of
health expenditure is opposed to that of business cycles during 2002–2018. It indicates that the
faster China’s economic development is, the smaller the share of health expenditure will be. We
can generally conclude that health expenditure is counter-cyclical with business cycles in China
during 2002–2018.

The impact of business cycles on health expenditure has always been controversial among
academics. Some studies have widely verified that health expenditure is pro-cyclical with business
cycles (3–5). That is, economic booms lead to more health expenditure, while recessions have a
negative effect on health expenditure. The studies also have stated that there are many reasons
for the above situations, such as medical affordability (6–8) and environmental quality (9–13).
However, some scholars have claimed that the link between business cycles and health expenditure
varies with the income level. For example, health expenditure is counter-cyclical with business
cycles in low-income countries (14, 15). Besides, health expenditure is directly related to population
health, and the mixed relationship between business cycles and population health can make

1The business cycles are expressed by the growth rate of GDP per capita, and the health expenditure is expressed by the

growth rate of the share of health expenditure.
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FIGURE 1 | The trend of business cycles and health expenditure in China during 2002–2018.

this issue more complicated (16–26). Many interesting findings
of business cycles and health expenditure have been made, but
rare literature focuses on this issue in China from the role of
income inequality.

In this study, we attempt to investigate how business cycles
affect health expenditure in China, and we also extend the
understanding of the above link from the role of income
inequality. We investigate the issue motivated by the following
considerations. China is the largest and fastest-growing emerging
market in the world, and it is a very exciting subject to study
because of its culture and history (27, 28). According to theWorld
Economic Outlook issued by the International Monetary Fund
(IMF) in October 2020, China is likely to be the only economy
to achieve positive growth in 2020, at about 1.9 percent, and is
expected to contribute about a third of the global economy in
2021 (29). Hence, it is of theoretical and practical significance for
academics to investigate the effect of business cycles on health
expenditure in China.

We explore the dynamic effect of business cycles on health
expenditure in China using the individual fixed-effect model.
Among them, business cycles are measured by the growth rate
of GDP, and health expenditure is measured by outpatient
expenditure. More importantly, we investigate the role of income
inequality in the dynamic effect by introducing a moderator
model and explore its heterogeneity from the perspectives
of regional differences. We also take some robust tests for
our findings.

We make several interesting findings. First, there is a dynamic
change in the impact of business cycles on health expenditure in
China. That is, health expenditure in China changes from pro-
cyclical to counter-cyclical with business cycles. Second, income
inequality can weaken the reduction effects of business cycles
on health expenditure. Third, our findings show that the above

relationships vary with different regions. Finally, we conduct a
series of robustness tests and the results further show that our
findings are robust.

This study fills some existing gaps in the literature on
business cycles and health expenditure. The main novelties
and contributions of our study are listed as follows: First, to
our best knowledge, this study may be the first research to
analyze this issue in China. There are some differences between
developed countries and emerging countries in the impact of
business cycles on health expenditure. Previous studies on this
issue lack research on emerging economies, and this study has
extraordinary significance for easing that shortage. Second, we
extend the understanding of the link between business cycles
and health expenditure by investigating the role of income
inequality. Income inequality can harm residents’ health by
bringing more pressure and anxiety into society, resulting in
an increase of health expenditure. Because rare studies place
particular emphasis on the role of income inequality in this issue,
this study enlarges the research vision on the impact of business
cycles on health expenditure.

This study is organized as follows. Literature Review section
provides a summary and review of the existing literature. Models
and Data section mainly describes the research hypotheses, data,
and empirical models used in the study. Results and Discussions
section presents the empirical results, and Further Analysis
section discusses the results in more detail. The final section
summarizes our main conclusions and policy implications.

LITERATURE REVIEW

Previous studies have conducted a series of research on the
relationship between business cycles and health expenditure
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from different perspectives. A basic consensus has been reached
that health expenditure can accelerate economic growth and
lead to economic booms by improving population health and
accumulating human capital (30–34). While the impact of
business cycles on health expenditure remains unclear and
inconclusive. Some literature claims that health expenditure is
pro-cyclical with business cycles (3–5). For example, Bedir (6),
Payandeh et al. (7), and Kumar et al. (8) point out that the
increase of residents’ disposable income during boom periods
guarantees their ability to pay for medical needs, resulting in
more increases in health expenditure. Badulescu et al. (9), Haseeb
et al. (10), Wang et al. (11), Mujtaba and Shahzad (12), and Urhie
et al. (13) claim that economic booms are associated with worse
environmental quality, which in turn results in lower population
health and more expenditure on health.

However, other studies have shown some different results.
Some scholars claim that in low-income countries, health
expenditure is counter-cyclical with business cycles. That is,
residents decrease their health expenditure in good times, while
they increase health expenditure in the doldrums. For instance,
Rana et al. (14) state that the effect of business cycles on
health expenditure varies with income levels. They also point
out that in low-income countries, residents decrease health
expenditure during economic booms. Jakovljevic et al. (15)
explore the differences related to this issue between developed
countries and emerging countries and reach similar conclusions.
That is, economic booms have a positive impact on health
expenditure in developed countries while they negatively affect
health expenditure in emerging countries. Universal healthcare
and the aging population are two important factors contributing
to these differences.

Besides, business cycles can affect health expenditure through
population health. Obviously, the residents’ health plays a non-
negligible role in the health expenditure, because health level is
directly related to the needs of medical services. The effect of
business cycles on population health is mixed. Some literature
indicates that the impact of business cycles on population health
is pro-cyclical (16–20). In contrast, some studies suggest that
population health is counter-cyclical with business cycles (21–
24). For example, Lam and Pierard (25) and Lee and Kim (26)
find that population health has undergone a dramatic change
from counter-cyclical to pro-cyclical in the United States and
South Korea, respectively.

Many interesting results have been found on the above
issues, but there are still some gaps needed to be filled. First,
most studies have discussed the relationship between business
cycles and health expenditure in developed countries such as
the United States and Europe (4, 9), while limited studies
have paid attention to this issue in emerging markets (6,
20). However, there are some differences between emerging
economies and developed economies in political, economic,
and cultural aspects (35–37), and business cycles may have
different effects on health expenditure. Second, most studies have
discussed the counter-cyclical or pro-cyclical effects of business
cycles on health expenditure from the following perspectives,
such asmedical affordability (6–8), environmental quality (9–13),
universal healthcare (15), aging population (15), and population

health (16–26). However, we find nearly no related studies that
explore the above relationship from the role of income inequality.
Income inequality can affect population health in the following
ways: consumption capacity (38–40), psychological state (41–
43), and social relations (44–46). Hence, income inequality may
influence the effect of business cycles on health expenditure.
Finally, so far, little literature focuses on the change of the impact
of business cycles on health expenditure. The 2008 financial crisis
has brought about major changes in the world economy (15),
which may affect the relationship between business cycles and
health expenditure.

MODELS AND DATA

Research Hypotheses
China has paid more and more attention to environmental
protection in recent years, as the environmental pollution
caused by rapid economic growth has become more serious.
Health problems caused by environmental pollution increase
health expenditure (47–49). During the 13th Five-Year Plan
period, China has made remarkable achievements in improving
environmental quality (50). The achievement can decrease the
health expenditure caused by environmental pollution during
the economic booms. Besides, the residents’ health level is
insignificantly improved with the development of China (51–53).
Better healthmay well mean lower health expenditure. Due to the
improvement of environmental quality and population health,
we propose the following hypothesis:

H1: Health expenditure experiences a pro-cyclical to counter-
cyclical change with business cycles.

Many related studies have verified that income inequality can
adversely affect population health (38–46). Economic booms can
benefit population health by guaranteeing the residents more
material goods and medical goods. But, the beneficial effects
of economic booms on population health will be offset by the
unequal distribution of national income. Due to the close ties
between population health and health expenditure, we propose
the following hypothesis:

H2: Income inequality can affect the relationship between
business cycles and health expenditure.

Data
This study aims to investigate the impact of business cycles on
health expenditure in China from the perspective of income
inequality using the data of 31 regions in China from 2002
to 2018. These regions include Beijing, Tianjin, Hebei, Shanxi,
Inner Mongolia, Liaoning, Jilin, Heilongjiang, Shanghai, Jiangsu,
Zhejiang, Anhui, Fujian, Jiangxi, Shandong, Henan, Hubei,
Hunan, Guangdong, Guangxi, Hainan, Chongqing, Sichuan,
Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia,
and Xinjiang. The data of outpatient expenditure, number of
outpatient visits, hospitalization expenditure, and number of
hospitalization are collected from the Chinese Health Statistical
Yearbook 2003–2019 (54). The data of GDP and per capita
disposable income of urban and rural residents in different
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regions are collected from the Chinese Statistical Yearbook 2003–
2019 (55). The environmental quality data in different regions
during 2002–2018 are from Dalhousie University Atmospheric
Composition Analysis Group (56). The other data, such as aging
ratio, urbanization level, and gender ratio, are collected from the
Chinese Population & Employment Statistical Yearbook 2003–
2019 (57).

Variables
(1) Health Expenditure (exp_out)

Referring to the related research (58–60), we use outpatient
expenditure (exp_out) to measure health expenditure. It is
measured by the ratio of the total outpatient expenditure to
the total number of outpatient visits. Besides, we also apply
the following proxy variables to conduct robust tests: number
of outpatient visits (num_out), hospitalization expenditure
(exp_hos), and number of hospitalization (num_hos). The
number of outpatient visits is measured by the natural
logarithm of the total number of outpatient visits. Hospitalization
expenditure is expressed as the ratio of the total hospitalization
expenditure to the total number of hospitalization. The number
of hospitalization is measured by the natural logarithm of the
total number of hospitalization.

(2) Business Cycles (Bus_cycles)

The existing literature mainly uses the unemployment rate (22,
23) and the GDP growth rate (20, 25, 61, 62) to measure business
cycles. Since there is a large deviation between the reported
unemployment rate and the actual unemployment rate in China,
the conclusions may be biased. Hence, we use the GDP growth
rate to measure business cycles.

(3) Income Inequality (inequality)

Income inequality is defined as the income gap between urban
and rural areas, which is measured by the ratio of the per capita
disposable income of urban residents to that of rural residents.

(4) Control Variables

As we all know, health expenditure is affected not only by
the above independent variables but also by many others,
such as environmental quality and demographic characteristics.
Referring to the existing studies (3, 15, 62), we control
the following variables: environmental quality (environment),
aging ratio (aging), urbanization level (urban), and gender
ratio (gender).

The above variables and their definitions are presented in
Table 1, and their descriptive statistics are shown in Table 2.

Method
Referring to the related research (3, 15, 63), our regression model
is set as follows:

Yit = α + β1Bus_cyclesit + γ1environmentit + γ2agingit
+ γ3urbanit + γ4genderit + ui + εit

(1)

where Y is the dependent variable of health expenditure;
Bus_cycles is the independent variable of business cycles;

TABLE 1 | Description of the variables.

Types Variables Symbols Definitions

Dependent

variables

Outpatient

expenditure

exp_out The ratio of the total

outpatient expenditure to

the total number of

outpatient visits.

Number of

outpatient

visits

num_out The natural logarithm of the

total number of outpatient

visits.

Hospitalization

expenditure

exp_hos The ratio of the total

hospitalization expenditure

to the total number of

hospitalization.

Number of

hospitalization

num_hos The natural logarithm of the

total number of

hospitalization.

Independent

variables

Business

cycles

Bus_cycles The real annual growth rate

of GDP.

Income

inequality

inequality The ratio of the per capita

disposable income of urban

residents to that of rural

residents.

Control

variables

Environmental

quality

environment The natural logarithm of the

average PM2.5

concentrations.

Aging ratio aging The proportion of the

residents aged 65 and over

to the total population.

Urbanization

level

urban The ratio of the urban

population to the total

population.

Gender ratio gender The ratio of the number of

men to the total population.

TABLE 2 | Descriptive statistics.

Variables Obs Mean S.D. Min Median Max

exp_out 527 5.0243 0.4479 3.2347 5.0486 6.3004

num_out 527 17.7014 0.9693 14.5140 17.7942 19.7420

exp_hos 527 8.6626 0.4614 7.5492 8.6818 10.0265

num_hos 527 14.6200 1.0555 10.7110 14.7608 16.4969

Bus_cycles 527 0.1374 0.0117 −0.224 0.1238 0.6077

inequality 527 2.9065 0.6044 1.8451 2.7819 5.6048

environment 527 3.4595 0.5791 1.4110 3.5732 4.4262

aging 527 0.0920 0.0211 0.0476 0.0892 0.1638

urban 527 0.5041 0.1539 0.2022 0.4931 0.9418

gender 527 0.5105 0.0090 0.4798 0.5100 0.5463

environment, aging, urban, and gender are the control variables;
α denotes the intercept item; β1 denotes the coefficient of
business cycles; γ denotes the coefficient of the control variables;
i represents the region and t represents year; ui is the individual
fixed-effect; and εit is a normally distributed random error vector.

If β1 is >0, it indicates that the faster China’s economic
development is, the higher the health expenditure will be. In
other words, health expenditure has a pro-cyclical relationship
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with business cycles. In contrast, if β1 is < 0, it means that the
faster China’s economic development is, the lower the health
expenditure will be. That is, health expenditure is counter-cyclical
with business cycles. Furthermore, if β1 changes from >0 to <0
at a given year, it indicates that health expenditure undergoes a
pro-cyclical to counter-cyclical change in China.

To further explore the mechanism of income inequality on
the relationship between business cycles and health expenditure,
we introduce inequality and the interaction term of the form
Bus_cycles × inequality into Model (1). Model (2) is constructed
as follows:

Yit = α + β1Bus_cyclesit + β2inequality
+ β3Bus_cycles× inequality+ γ1environmentit
+ γ2agingit + γ3urbanit + γ4genderit+ui + εit

(2)

where β2 represents the coefficient of income inequality and
β3 represents the coefficient of interactive item between income
inequality and business cycles.

If β3 is >0, it indicates that when inequality is bigger, the
increase of Bus_cycles will induce bigger Y. That is, when the
distribution of income is more unequal in China, economic
development will bring more health expenditure. Hence, income
inequality can strengthen the increase effect of business cycles on
health expenditure when β1 is >0, and it weakens the reduction
effect when β1 is < 0. In contrast, if β3 is < 0 and β1 is >0,
it means that income inequality can weaken the increase effect.
While when both β1 and β3 are smaller than 0, it means that
income inequality can strengthen the reduction effect.

RESULTS AND DISCUSSIONS

In this section, we first examine the impact of business cycles
on health expenditure by using Model (1). Then, we explore the
effect of income inequality on the relationship between business
cycles and health expenditure by using Model (2). Finally, we
examine whether the above issues vary with the different regions.

The Impact of Business Cycles on Health
Expenditure
The estimated results are reported in Table 3. Among them,
columns (1) and (2) are the results of the samples during 2002–
2018, columns (3) and (4) are the results of the samples during
2002–2008, and columns (5) and (6) are the results of the samples
during 2008–2018.

When we use the samples from 2002 to 2018, the coefficients
of Bus_cycles in columns (1) and (2) are significantly negative
at the 1% level. It indicates that business cycles in China have
a significantly adverse impact on health expenditure during
2002–2018. That is, the faster China’s economic development is,
the lower the health expenditure will be. The improved living
conditions of residents during economic booms make them
relatively healthy, which reduces the likelihood that they will
need medical resources. Hence, health expenditure decreases
during economic booms while it increases in recessions. In a
word, health expenditure is counter-cyclical with business cycles
in China.

TABLE 3 | Estimation results of business cycles and health expenditure.

Variables Samples

2002–2018

Samples

2002–2008

Samples

2008–2018

(1) (2) (3) (4) (5) (6)

Bus_cycles −2.400***

(−12.19)

−0.662***

(−4.82)

1.353***

(8.26)

0.818***

(5.32)

−2.149***

(−14.11)

−0.502***

(−4.89)

environment 0.073

(1.31)

0.148**

(2.34)

−0.049

(−1.18)

aging 6.641***

(7.24)

8.103***

(6.24)

1.366**

(2.10)

urban 3.289***

(19.09)

0.617***

(3.18)

4.206***

(21.81)

gender 9.331***

(7.01)

−0.679

(−0.30)

2.515***

(3.11)

_cons 5.359***

(173.76)

−2.191***

(−2.97)

4.426***

(142.84)

3.366

(2.71)

5.495***

(263.93)

1.765***

(3.61)

Individual FE Yes Yes Yes Yes Yes Yes

N 527 527 217 217 341 341

R2 0.1487 0.6518 0.0543 0.6565 0.2271 0.6495

***1% significance level, **5% significance level. The t statistics are in the brackets.

Second, we divide the samples into two parts (before and
after the 2008 financial crisis) to further explore whether
health expenditure experiences a pro-cyclical to counter-cyclical
change with business cycles in China. The 2008 financial crisis
has had a profound impact on world economic development
(63–65), which may affect the relationship between business
cycles and health expenditure (66, 67). Hence, we divide the
samples into samples 2002–2008 and samples 2008–2018, and the
estimation results are given in columns (3)–(6). The coefficients
of Bus_cycles in columns (3) and (4) are significantly positive
at the 1% level. It indicates that economic booms lead to
more health expenditure, and health expenditure is pro-cyclical
with business cycles in China before the 2008 financial crisis.
However, the coefficients of Bus_cycles in columns (5) and (6) are
significantly negative at the 1% level. It suggests that economic
booms lead to fewer health expenditure, and health expenditure
is counter-cyclical with business cycles in China after the 2008
financial crisis. In a word, health expenditure experiences a
pro-cyclical to counter-cyclical change with business cycles in
China from 2002 to 2018. Our conclusions support hypothesis
1. The improvement of population health decreases the health
expenditure during economic booms, and it may be an important
factor promoting this change of health expenditure.

For all the control variables, the coefficient of environment is
only positive at the 5% significance level for the samples 2002–
2008, which shows that the worse environmental quality has a
significant increased impact on health expenditure before the
2008 financial crisis. All the coefficients of aging in columns
(2), (4), and (6) are significantly positive at the 5% level, which
indicates that population aging can increase health expenditure.
The coefficients of urban are also positive and significant at the
1% level, indicating that the health expenditure in urban areas is
higher than that in rural areas. All the coefficients of gender are
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TABLE 4 | Estimation results of the moderating effect of income inequality.

Variables Samples

2002–2018

Samples

2002–2008

Samples

2008–2018

(1) (2) (3)

Bus_cycles −2.164***

(−3.61)

−0.964

(−1.42)

−1.552***

(−3.13)

inequality −0.544***

(−12.03)

−0.327***

(−4.72)

−0.251***

(−5.40)

Bus_cycles × inequality 0.647***

(3.16)

0.609***

(2.69)

0.385**

(2.29)

environment 0.151***

(3.29)

0.140**

(2.33)

−0.048

(−1.20)

aging 4.958***

(6.44)

7.762***

(6.24)

1.656**

(2.53)

urban 2.523***

(16.84)

0.955***

(4.66)

3.123***

(11.00)

gender 5.584***

(4.93)

−1.786

(−0.81)

1.958**

(2.46)

_cons 1.518**

(2.24)

4.831***

(3.95)

3.300***

(5.97)

Individual FE Yes Yes Yes

N 527 217 341

R2 0.6482 0.7074 0.6817

***1% significance level, **5% significance level. The t statistics are in the brackets.

significantly positive at the 1% level except for the one in column
(4), which indicates that men have greater health expenditure
than women in China after the 2008 financial crisis.

The Moderating Effect of Income Inequality
In this subsection, we adopt Model (2) to explore the moderating
effect of income inequality. The empirical results are presented
in Table 4. Among them, column (1) is the results of the samples
during 2002–2018, column (2) is the results of the samples
during 2002–2008, and column (3) is the results of the samples
during 2008–2018.

For the results of the whole sample in column (1), the
coefficient of Bus_cycles is significantly negative at the 1% level,
suggesting that economic booms decrease the health expenditure.
These results are consistent with the above conclusions and
further verify hypothesis 1. The coefficient of the interaction term
Bus_cycles × inequality is significantly positive at the 1% level,
which suggests that income inequality can weaken the negative
impact of business cycles on health expenditure in China. The
possible reason is that the income elasticity of health expenditure
for the rich is higher than that for the poor, and income inequality
can increase the rich’s health expenditure and induce a minor
decrease for the poor, resulting in an increase of the total health
expenditure. Our findings verify hypothesis 2.

When we consider the 2008 financial crisis, the results show
that the coefficients of Bus_cycles× inequality are still significant
and positive at the 5% level. They indicate that income inequality
can weaken the reduction effects of economic booms on health
expenditure. These results are consistent with the above findings.

TABLE 5 | Estimation results of different regions.

Variables Eastern regions Central regions Western regions

(1) (2) (3) (4) (5) (6)

Bus_cycles −0.721***

(−4.25)

−1.377

(−0.94)

−0.547***

(−3.35)

−1.173

(−0.86)

−0.646**

(−2.37)

−4.284***

(−3.17)

inequality 0.072

(0.63)

−0.340***

(−3.79)

−0.688***

(−9.43)

Bus_cycles

× inequality

0.240

(0.42)

0.298

(0.62)

1.284***

(3.19)

Control

variables

Yes Yes Yes Yes Yes Yes

Individual

FE

Yes Yes Yes Yes Yes Yes

N 187 187 136 136 204 204

R2 0.6199 0.6050 0.8156 0.8005 0.5976 0.6971

***1% significance level, **5% significance level. The t statistics are in the brackets.

Hence, the moderating effect of income inequality remains stable
during the study period in China.

Heterogeneity Analysis for Different
Regions
In this subsection, we further investigate the heterogeneity of
different regions, and the estimation results are reported in
Table 5. Among them, columns (1) and (2) are the results for the
eastern regions, columns (3) and (4) are the results for the central
regions, and columns (5) and (6) are the results for the western
regions. Columns (1), (3), and (5) are the results for Model (1),
and columns (2), (4), and (6) are the results for Model (2). All the
columns are the results of the samples during 2002–2018.

All the coefficients of Bus_cycles in columns (1), (3), and
(5) are significantly negative at the 5% level, which indicates
health expenditure is counter-cyclical with business cycles in the
three regions of China. The coefficient of the interaction term
Bus_cycles × inequality is significantly positive at the 1% level in
column (6), while it does not exceed the 10% significance level in
columns (2) or (4). These results suggest that the role of income
inequality in the relationship between business cycles and health
expenditure varies from the different regions. Only in the western
regions, income inequality can moderate the impact of business
cycles on health expenditure.

FURTHER ANALYSIS

Endogenous Test
The above findings show that business cycles can affect health
expenditure, but there may be reverse causality between business
cycles and health expenditure. Although we control some
important variables that can affect health expenditure in the
empirical analysis, it is impossible to completely rule out
endogeneity. Therefore, we use the instrumental variable method
(IV) to partly control endogenous problems. We take the growth
rate of GDP lag by one stage as the instrumental variable for
business cycles and estimate Model (1) with the two-stage least
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TABLE 6 | Estimation results of the endogenous test.

Variables Samples

2002–2018

Samples

2002–2008

Samples

2008–2018

(1) (2) (3)

Bus_cycles −0.905**

(−2.46)

7.403**

(2.01)

−1.990**

(−2.44)

Control variables Yes Yes Yes

Individual FE Yes Yes Yes

N 527 217 341

R2 0.6567 0.0332 0.6674

**5% significance level. The z values are in the brackets.

square method (2SLS). The estimation results are reported in
Table 6. Among them, columns (1)–(3) are the results of the
samples during 2002–2018, the samples during 2002–2008, and
the samples during 2008–2018, respectively. The coefficient of
Bus_cycles in column (1) is significantly negative at the 5%
level, which indicates health expenditure in China is counter-
cyclical with business cycles during 2002–2018. The coefficient of
Bus_cycles in column (2) is significantly positive, while the one
in column (3) is significantly negative. It indicates that health
expenditure in China experiences a pro-cyclical to counter-
cyclical change with business cycles during 2002–2018. These
results are consistent with the above findings, which further
verifies our conclusions.

Robustness Test
To further make sure the robustness of the above conclusions,
we replace the variable of health expenditure with number
of outpatient visits (num_out), hospitalization expenditure
(exp_hos), and number of hospitalization (num_hos). The
estimation results of the robustness tests are reported in Table 7.
Among them, columns (1), (3), and (5) are the results for Model
(1), and columns (2), (4), and (6) are the results for Model
(2). Columns (1) and (2) are the results of the samples during
2002–2018, columns (3) and (4) are the results of the samples
during 2002–2008, and columns (5) and (6) are the results of the
samples during 2008–2018. The results are all consistent with the
previous results, indicating that our findings remain robust using
the different proxy variables.

CONCLUSIONS

Using the panel data of 31 regions in China from 2002 to 2018,
this study aims to examine the impact of business cycles on
health expenditure from the role of income inequality. The main
conclusions drawn are as follows:

(1) The impact of business cycles (represented by the growth rate
of GDP) on health expenditure (represented by outpatient
expenditure) experiences a change from pro-cyclical to
counter-cyclical. Specifically, economic booms increase the
health expenditure before the 2008 financial crisis, while
they have a negative impact on health expenditure after the

TABLE 7 | Estimation results of the robustness tests.

Variables Samples

2002–2018

Samples

2002–2008

Samples

2008–2018

(1) (2) (3) (4) (5) (6)

Panel A: The dependent variable is number of outpatient visits

(num_out).

Bus_cycles −0.881***

(−6.85)

−3.444***

(−5.91)

0.422***

(2.73)

−1.096

(−1.56)

−0.442***

(−5.32)

−1.649***

(−4.03)

inequality −0.525***

(−11.93)

−0.235***

(−3.28)

−0.152***

(−3.95)

Bus_cycles

× inequality

0.993***

(4.99)

0.519**

(2.22)

0.428***

(3.08)

R2 0.3115 0.3587 0.4062 0.3991 0.2636 0.2703

Panel B: The dependent variable is hospitalization expenditure

(exp_hos).

Bus_cycles −0.630***

(−4.88)

−2.684***

(−4.33)

0.815***

(5.22)

0.419

(0.06)

−0.436***

(−4.75)

−1.985***

(−4.48)

Inequality −0.432***

(−9.21)

−0.158**

(−2.15)

−0.221***

(−5.32)

Bus_cycles

× inequality

0.799***

(3.77)

0.264

(1.10)

0.551***

(3.66)

R2 0.7134 0.6896 0.6621 0.6812 0.8275 0.8466

Panel C: The dependent variable is number of hospitalization

(num_hos).

Bus_cycles −0.894***

(−4.83)

−3.005***

(−3.72)

1.001***

(4.58)

−1.994**

(−2.05)

−0.551***

(−4.86)

−1.413**

(−2.56)

inequality −0.741***

(−12.15)

−0.413***

(−4.16)

−0.244***

(−4.71)

Bus_cycles

× inequality

0.902***

(3.28)

1.023***

(3.15)

0.320*

(1.71)

R2 0.1720 0.2164 0.2454 0.2356 0.0635 0.0786

Control

Variables

Yes Yes Yes Yes Yes Yes

Individual

FE

Yes Yes Yes Yes Yes Yes

N 527 527 217 217 341 341

***1% significance level, **5% significance level. The t statistics are in the brackets.

2008 financial crisis. The conclusions are robust when we
use number of outpatient visits, hospitalization expenditure,
and number of hospitalization as the proxy variables of
health expenditure.

(2) Income inequality can moderate the impact of business
cycles on health expenditure in China. In practical terms,
income inequality would increase the health expenditure
incurred by economic booms. In other words, income
inequality will weaken the reduction effects of business cycles
on health expenditure.

(3) By exploring the heterogeneity of regions, our findings show
that health expenditure is counter-cyclical with business
cycles in the eastern regions, the central regions, and the
western regions. However, only in the western regions
income inequality can affect the relationship between
business cycles and health expenditure.

According to the conclusions above, we have drawn some policy
implications. First, health expenditure is counter-cyclical with
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business cycles in China, which indicates economic recessions
induce more health expenditure. Hence, policymakers should be
more forceful in times of economic recessions than in economic
expansion periods. Second, the reduction effects on health
expenditure in economic booms can be weakened by income
inequality. Great attention must be paid to income distribution
when the government develops the economy, especially in the
western regions. To control health expenditure, the government
should take active steps to narrow the income gap among
different regions and residents. For example, the government
should deepen the reform of the income distribution system and
improve the social security system.

Finally, we put forward some future research topics. First,
it is hoped that this study will spur more theoretical and
empirical research on business cycles, population health, and
health expenditure. Scholars have made much effort to explore
the relationship between business cycles and the other two
topics, but there is little existing research on these three topics.
Second, academics should further analyze the mechanism by
which business cycles affect health expenditure. Our study
finds that health expenditure decreases in booms while it
increases in recessions. However, the influence mechanism still
needs further studies. Third, health expenditure experiences
pro-cyclical to counter-cyclical with business cycles in China,
but the reasons behind this phenomenon are unclear. Further

studies are still needed to offer more explanations for the
above conclusions.
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Alleviating catastrophic health expenditure (CHE) is one of the vital objectives of health

systems, as defined by the World Health Organization. However, no consensus has

yet been reached on the measurement of CHE. With the aim of further relieving the

adverse effects of CHE and alleviating the problem of illness-caused poverty, the Critical

Illness Insurance (CII) program has been operational in China since 2012. In order to

verify whether the different measurements of CHE matter under China’s CII program, we

compare the two-layerCIImodels built by using the basic approach and the ability-to-pay

(ATP) approach at a range of thresholds. Exploiting the latest China family panel studies

dataset, we demonstrate that the basic approach is more effective in relieving CHE for all

insured households, while the ATP approach works better in reducing the severity ofCHE

in households facing it. These findings have meaningful implications for policymaking.

The CII program should be promoted widely as a supplement to the current Social Basic

Medical Insurance system. To improve theCII program’s effectiveness, it should be based

on the basic approach, and the threshold used to measure CHE should be determined

by the goal pursued by the program.

Keywords: catastrophic health expenditure, critical illness insurance, basic approach, ability-to-pay approach,

China

JEL Classification: I13, I18, G22

INTRODUCTION

As a kind of financial shock, catastrophic health expenditure (CHE) is a critical contributor to
income and expenditure uncertainty, which in turn affect social welfare around the world (1–3).
It is often justified as a way to create heavy financial burden for the sake of necessary health care
and forces people to suffer from loss of income owing to their reduced labor supply and fall in
productivity (4, 5); this significantly lowers the living standards of residents and pushes households
below, or further below, the poverty line (6, 7).
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However, no consensus has yet been reached on the
measurement of CHE. Two approaches—the basic and ability-to-
pay (ATP)—have been proposed (8). The basic approach defines
CHE as spending for health care that exceeds a certain level
of the patient’s total income, consumption, or expenditure. The
ATP approach defines CHE as the amount by which health
spending exceeds the threshold of a household’s ability to pay
for health care. In addition, there is no agreement among
health economists on the threshold of household expenditure
(9). The basic approach usually uses 10% as the threshold value
(10), whereas the ATP approach commonly adopts 40% (11).
Some studies also compare a range of thresholds—typically
10–40%—to measure CHE (8). According to the previous
literature, these two approaches have their own strengths and
drawbacks. For instance, the basic approach defines as easy to
understand, requires no further calculation, and does not depend
on household allocation decisions; the ATP approach can make
up for the shortcoming in the basic approach—its inability to
distinguish between the poor and the rich (12).

Therefore, the present study intends to investigate whether
using different approaches to measuring CHE affects China’s
Critical Illness Insurance (CII) program. Specifically, there are
two methodological issues to consider. The first is to identify
household resources that are available for health spending. The
second is to determine the threshold used to identify health
expenditures as catastrophic. Thus, we construct two-layer CII
models based on the basic and ATP approaches and adopt a
range of thresholds to measure CHE through two approaches.
The empirical analysis is performed with household-level data
from the latest China family panel study dataset, which is a
national social survey project that includes detailed survey data
on counties, households, and family members in 25 provinces
and autonomous regions. Our study intends to expand the
existing research by revealing that different measurements of
CHE can lead to different performances in China’s CII program.
Further, as the second-largest economy and the most populous
country in the world, China has established a CII program that
covers a high percentage of CHE; thus, the CHE measurement
approach used in China can provide reliable and worthwhile
insights for countries around the world.

The remainder of the paper is organized as follows. Section
Institutional Background and Comparison of Approaches
provides a detailed introduction to China’s CII program
and compares the basic approach with the ATP approach.
Section Two-Layer CII Models Based on the Two Approaches
constructs two-layer CII models based on these two approaches.
Section Empirical Results and Comparison makes the empirical
comparison. Section Concluding Remarks concludes.

INSTITUTIONAL BACKGROUND AND
COMPARISON OF APPROACHES

Development of the Critical Illness
Insurance Program in China
Since 1998, China has gradually established a multilevel medical
insurance system (see Figure 1), of which the Social Basic

Medical Insurance (SBMI) system is an essential component.
The SBMI system consists of the following four schemes:
the Government Free Medical Insurance (GFMI); the Urban
Employee Basic Medical Insurance (UEBMI); the Urban
Resident Basic Medical Insurance (URBMI); and the New
Rural Cooperative Medical (NRCM). By the end of 2018, more
than 95% of the population has been covered by the SBMI
system, whose total expenditure accounted for 30.36% of the
total medical expenses (13). However, the out-of-pocket (OOP)
expenses in China remained high and, in some instances,
catastrophic; they accounted for 28.77% of the total health
expenditure in 2017.

With the aim of further reducing CHE and alleviating
the problem of illness-caused poverty, the CII program—a
supplement to the SBMI system—was launched in 2012 and fully
implemented in 2015.

Coverage of the CII
The CII program covers the enrollees of both theURBMI scheme
and the NRCM scheme. The two schemes, covering urban
unemployed and self-employed residents and rural residents,
are collectively referred to as the Social Resident Basic Medical
Insurance (SRBMI). After 6 years of operations, the coverage of
theCII program has greatly improved. By the end of 2017, theCII
program had covered 1.06 billion residents.

The CII program is a medical program that compensates
its members for CHE owing to critical illnesses that exceed the
cap line of SRBMI. There are some differences in the scope
of diseases reimbursed by CII for urban and rural residents.
For urban residents, the diseases mainly include malignant
tumor chemotherapy (including endocrine-specific antitumor
treatment), malignant tumor radiotherapy, isotope antitumor
treatment, interventional antitumor treatment, traditional
Chinese medicine antitumor treatment, hemodialysis, and
dialysis for severe uremia, anti-rejection treatment after kidney
transplantation, and mental illness treatment (including
schizophrenia, moderate to severe depression, mania, obsessive–
compulsive disorder, mental retardation accompanied by
mental disorder, epilepsy associated with mental disorder, and
paranoid psychosis).

For rural residents, the diseases covered include gastric
cancer, esophageal cancer, colon cancer, rectal cancer, lung
cancer, liver cancer, breast cancer, cervical cancer, end-stage
kidney disease, childhood congenital heart disease, childhood
leukemia, childhood lymphoma, cataract, pneumoconiosis,
neuroblastoma, osteosarcoma, hemophilia, thalassemia, cleft
lip and palate, hypospadias, multidrug-resistant tuberculosis,
stroke, chronic obstructive emphysema, and AIDS-related
opportunistic infections.

However, in some provinces the scope of CII compensation is
defined by the level of medical expenses, rather than disease type.
For example, in Beijing, the deductible under CII is the annual
per capita disposable income of rural residents in the previous
year. When an individual’s OOP expenses exceed the deductible,
it means that the individual has suffered from critical illnesses.

The specific reimbursement rate of the CII program (i.e.,
55% in Shanghai and 60% in Hebei) is determined by the local
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FIGURE 1 | China’s multilevel medical insurance system and its operation (2018).

government; however, the central government has mandated that
the rate should be no <50%. By the end of 2017, the overall
reimbursement ratio of CII had reached 70%, far exceeding the
target of “not <50%” (14).

Financing Patterns of the CII
Currently, the CII program is financed by the SRBMI Fund.
If there is sufficient surplus in the SRBMI fund, part of the
surplus is to be used as CII fund; otherwise, part of the SRBMI
fund raised in that year will be set aside for the CII fund. The
specific financing patterns can be divided into two types. The
first allocates a certain percentage—the most common is 5% and
has been implemented in Beijing, Fujian, Guangdong, Guizhou,
Hubei, Hunan, Inner Mongolia, Jiangxi, and Jiangsu—of the
SRBMI fund to the CII fund. The other type uses a certain
amount—ranging fromCNY 28 to CNY 80 per person—from the
SRBMI. Most provinces, municipalities, and autonomous regions
in China adopt the first pattern, which is supplemented by the
second pattern. In general, no matter what kind of financing
pattern is adopted, the funding standard is low, and the funding
source is not sustainable (15).

According to the policy requirements, the CII program
should be implemented at least at the municipal level,
while provincial-level coordination is encouraged to improve
the ability to diversified risks. At present, only nine out
of the 34 provinces, including the four direct-controlled
municipalities, that is, Beijing, Tianjin, Shanghai, and Chongqing
and five other administrative units, that is, Jilin, Gansu,
Qinghai, Hainan, and Tibet, have achieved provincial-level
coordination for the CII program. All the other regions have
municipal-level coordination.

Problems of the CII
The currentCII program needs further improvement. On the one
hand, the coverage of the CII program should be increased to
reduce OOP expenses. The OOP expenses in China accounted
for 28.77% of the total health expenditure in 2017—a figure

that is much higher than the world average of 18.15% in
2015. On the other hand, the pricing mechanism needs to be
converted from fixed premium [fixed amount or a percentage
of the SRBMI fund] to actuarial pricing to maintain the fund’s
sustainable performance.

The Basic vs. Ability-to-Pay Approaches
The Definitions
CHE is an indicator reflecting the effectiveness of the financial
protection that a health insurance policy could provide for its
members, and investigating the extent of CHE is the first step to
develop appropriate policy responses (11). In previous studies,
the basic and ATP are two most commonly used approaches for
measuring CHE.

The basic approach defines CHE as spending for health care
that exceeds a certain level of a household’s entire budget,
that is, its total income (16–18) consumption (19, 20), or
expenditure (21–23). The household budget is defined as the
value of consumption in low- and middle-income countries, but
in the high-income countries, it is given by the expenditure on
goods and services (24). In empirical studies, the expenditure
method takes precedence (25). If total household expenditure is
not available, income or consumption can be used as its proxy
variable (25).

The ATP approach defines CHE as health spending that
exceeds the threshold of a household’s ability to pay for health
care (9, 11, 22, 26). According to different understandings of
household’s ability to pay, the ATP approach can be further
divided into three methods—actual food spending, partial
normative food spending, and normative spending on food,
housing, and utilities (25). The main difference among the three
methods is the basic need that is subtracted from household total
expenditure to calculate CHE.

The Comparison
There is much academic debate on the applicability
and effectiveness of the basic and ATP approaches.
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Both approaches have their own advantages and
limitations, and neither approach is universally applicable.
Therefore, the choice of approach requires specific

consideration of the problem studied and the availability
of data. A comparison of the two approaches is
given below.

FIGURE 2 | The two-layer CII models in the basic and ATP approaches. (A) shows the first layer CII model and panel (B) shows the two-layer CII model.
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The basic approach, which uses household total income,
consumption, or expenditure as the denominator for calculation
of CHE, has the virtue of simplicity. A further advantage
of this approach is that it is not dependent on household
allocation decisions across consumption items (12). However,
it has some limitations. First, it fails to distinguish between
poor households that just manage to meet subsistence needs
and rich households that enjoy some latitude in spending (12).
Second, if households finance a substantial share of their health
payments through coping strategies, the gross expenditure on
OOP payments is not equal to the resources available for
non-medical consumption; thus, in this case, poverty will be
underestimated (8). Finally, the measurement of CHE and
impoverishment that ignores the personal financing means can
mislead in terms of the consequences of high OOP expenses.
It can not only exaggerate the risk to current consumption
and CHE but also overlook the long-term burden of health
payments (3).

The ATP approach can address the first limitation of the
basic approach effectively. Because it assumes that the poor
households would spend a much higher proportion of available
resources on necessary items (commonly food, rent, and utilities)
than the rich households, it defines household resources as
being net of such spending, that is, actual food spending
or a standard amount representing the subsistence spending.
Nevertheless, the ATP approach has its own drawbacks. First,
it is unhelpful in determining the extent to which OOP
expenses eat into resources required for necessities (27). Besides,
the usefulness of the way used to measure the ability to
pay remains doubtful. If the household can borrow or save
to finance their OOP medical expenses, its ability to pay
should be measured by consumption; otherwise, it needs to be
measured by income (27, 28). However, it is often the case
that the precise income data is unavailable in low- and middle-
income countries, so there is no option but to use household
consumption; this can lead to a misestimation of the incidence
of CHE (28).

The Threshold
The threshold level used to identify CHE in empirical papers
is arbitrary. For the Sustainable Development Goals (SDGs),
CHE is measured by the basic approach, in which both 10%
(10, 21, 29) and 25% of the budget are commonly used to
determine it. Among studies using total consumption, 10%
is more common and is used in 41% of the literature; 5,
20, and 25% of consumption are less common and account
for 13, 12, and 6%, respectively, of the literature (28). The
ATP approach commonly adopts 25% (25) or 40% (30, 31) as
the threshold value. Besides, a range of thresholds, typically
extending from 10 to 40%, are used to compare the difference
in CHE between the basic approach (32, 33) and the ATP
approach (34–37). Scholars also compare the performances of
these two approaches at different thresholds (8, 38–40). The
existing literature shows that the incidence and intensity of
CHE and the poverty impact decrease when the threshold rises
(32, 34, 36). Some papers arrive at the conclusion that the
incidence of CHE in the basic approach at the 10 % threshold

TABLE 1 | The predicted parameters (2016).

P(h=1|X1) Lognormal distribution

Mean Standard error

0.24 8.89 1.18

TABLE 2 | Household cumulative total expenses and non-food expenses (2014).

Total

expenses

Non-food

expenses

Total

expenses

Non-food

expenses

1% 2,500 0

5% 5,000 1,080

10% 9,000 2,300

25% 16,150 6,000

50% 30,000 14,600 Obs. 10,080 10,080

75% 50,000 29,472 Mean 42,027.97 27,305.52

90% 80,000 54,000 Std. Dev. 69,839.95 66,401.83

95% 106,800 84,000 Skewness 20.18 22.71

99% 250,000 210,540 Kurtosis 713.74 845.93

TABLE 3 | Indicators of the CII model in the basic approach.

Threshold CD TL1 TL2 1-β1 1-β2

10% 0.1y1 1.5y1 500,000 0.95 0.97

25% 0.25y1 2y1 500,000 0.9 0.93

is higher than that in the ATP approach at the 40% threshold
(24, 38).

TWO-LAYER CII MODELS BASED ON THE
TWO APPROACHES

The Models
The two-layer CII models (41, 42) are constructed to act as
a bridge between the SRBMI and private health insurance
(PHI). In these models, we assume that the CII covers all the
enrollees of SRBMI and compensates inpatient medical expenses
partially by the choice of the deductible, compensation ratio, and
cap line.

The First Layer
The first layer CII model uses the reinsurance technique to
compensate the excessive cumulative annual inpatient medical
expense above the deductible CD, but within the cap line TL1,
and the compensation ratio is (1− β1).

When CD < xi ≤ TL1, the OOP expense can be expressed as:

OOPi = β1(xi − CD)+ αCD (1)

Here, xi is the cumulative annual medical expense of household
i, and the compensation ratio in SRBMI is (1− α).
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FIGURE 3 | CII models in the basic approach.

The Second Layer
The second layer CII model uses the coinsurance
technique to partially compensate for the OOP expense.
The cap line and compensation ratio are TL2 and
(1− β2), respectively.

When TL1 < xi ≤ TL2, the OOP expense can be expressed as:

OOPi = β2[β1(TL1 − CD)+ αCD+ xi − TL1] (2)

The Indicators
Deductible
The deductibles for the CII models in the basic
approach at 10 and 25% thresholds are 0.1y1 and 0.25y1,
respectively, while in the ATP approach the deductibles
at the 25 and 40% thresholds are 0.25y2 and 0.4y2,

respectively. Here, y1 represents the household annual
total expense and y2 represents the household annual
non-food expense.

Cap Line
The cap line of the first layer and second layer can be expressed
as follows:

TL1 = CD+ (1− α)CD/β1 (3)

TL2 = 2F−1(99%) (4)

(4) Here, F(•) is the cumulative distribution function of
household total expense or household non-food expense.
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TABLE 4 | Household cumulative OOP expenses in the basic approach.

Threshold Cumulative annual OOP expenses

inpatient expenses

10% 0.1y1i < xi ≤ 1.5y1i 0.05xi + 0.03y1i

1.5y1i < xi ≤ 500, 000 0.03xi − 0.04y1i

xi > 500, 000 xi − 0.04y1i − 485, 000.00

25% 0.25y1i < xi ≤ 2y1i 0.10xi + 0.05y1i

2y1i < xi ≤ 500, 000 0.07xi − 0.12y1i

xi > 500, 000 xi − 0.12y1i − 465, 000.00

Compensation Ratio
The purpose of the CII program is to alleviate CHE. Based on this
objective, the objective function can be expressed as.

min Ji =

n
∑

1

[β1(xi − CD)+ α × CD− CD]2I(CD < xj ≤ b× yi)

+

n
∑

1

{β2[β1(b× yi − CD)+ αCD+ xi − b× yi]− CD}2I(b× yi < xj ≤ TL2)(5)

Here, I(•) equals to 1 when the inequality condition in
the parentheses is satisfied, and 0 otherwise. The parameter
b, which is related to the threshold used, satisfies the
following relationship.

b = Threshold + (1− α)× Threshold/β1 (6)

Detailed indicators of the CII models are shown in Figure 2.

The Performance Evaluation
Incidence
The incidence is the ratio of insured households whose OOP
expenses exceed the CHE. The number of insured households
whose OOP expenses exceed the CHE is denoted as e, and the
total number of insured households is denoted as E.

I = P(OOPi ≥ CDi) =
e

E
× 100% (7)

Severity
Overall severity (S) is the average surplus of OOP expenses
exceeding theCHE of all insured households. In order to measure
the severity in households that incurred catastrophic expenses,
regional severity (Sreg) is proposed. It is the average value by
which the OOP expenses exceed the CHE of those who suffer
from it. Further, considering that the severity of household CHE
can be affected by the number of family members, average
severity (Save) is adopted. It is the per capita surplus of OOP
expenses beyond the CHE for all insured households. Here, N is
the total number of household residents.

S=
1

E

∑

(OOPi − CDi) (8)

Sreg=
1

e

∑

(OOPi − CDi) (9)

Save=
1

N

∑

(OOPi − CDi) (10)

TABLE 5 | Performance evaluation of the CII model in the basic approach.

Indicator 10% 25%

Without any OOP>CHE 1,663 1,081

insurance incidence 23.57% 15.32%

Overall severity 3,901.82 3,068.25

Average severity 1,007.58 792.33

Regional severity 16,555.17 20,027.34

SRBMI OOP>CHE 1,311 763

Incidence 18.58% 10.81%

Overall severity 3,451.89 2,473.22

Average severity 891.40 638.67

Regional severity 18,578.62 22,871.65

CII1 OOP>CHE 240 181

Incidence 3.40% 2.57%

Overall severity 1,132.93 876.52

Average severity 292.56 226.35

Regional severity 33,308.16 34,169.82

CII1&CII2 OOP>CHE 60 51

Incidence 0.85% 0.72%

Overall severity 22.16 21.26

Average severity 5.72 5.49

Regional severity 2,605.56 2,941.24

TABLE 6 | The CII pricing simulation in the basic approach.

Threshold CII

pricing

Pure premium

per capita

Gross premium

per capita

10% Pricing I 470.68 719.87

Pricing II 566.77 933.51

25% Pricing I 343.11 524.76

Pricing II 426.94 703.20

Premium Setting
Assume that the probability of a member of a family being
hospitalized is P(h = 1). The conditional probability distribution
function can be expressed as follows:

P(h = 1) = P(X1B1 > ξ ) = 1− F1(X1B1) (11)

Here, X1 represents the factors that affect P(h = 1), and B1 is
the coefficient vector of X1. In this paper, the multivariate logit
model is adopted to predict the probability of a member of a
family being hospitalized.

CHE often exhibits the characteristics of an event with a
low probability, but causing a large loss, and the distribution
function is typically right-skewed and fat-tailed. Therefore,
the lognormal distribution shown in Equation (12) can be
adopted to fit high inpatient medical expenses. Assuming
that household inpatient medical expenses and household
total expense or non-food expense in the previous year
are independent, the Weibull distribution (43) can be
used to fit a household’s total expense and its non-food
expense. The joint probability density function is expressed in
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TABLE 7 | The fund balance of the CII in the basic approach.

Fund income Fund expenditure

Pricing I 10% 25% 10% 25%

The number of the insured

individuals

37,984 37,984 CII expenditure 18,537,148 13,871,085

The gross premium per

capita

719.87 524.76 The insurance operation

management expenses

2,734,356 1,993,239

The total income 27,343,560 19,932,393 The total expenditure 21,271,504 15,864,324

Pricing II

The number of the insured

individuals

37,984 37,984 CII expenditure 26,637,228 20,345,575

The gross premium per

capita

933.51 703.20 The insurance operation

management expenses

3,545,840 2,671,044

The total income 35,458,404 26,710,442 The total expenditure 30,183,069 23,016,619

Equation (13).

ln x=X2B2 + ε (12)

f (x, y) =
1

√
2πσx

α

β
(
y

β
)
α−1

e
−

(ln x−X2B2)
2

2σ2
−(

y
β
)
α

(13)

Here, X2 represents the factors that affect household
inpatient medical expenses, and B2 is the coefficient vector
of X2.

In the first layer, the expected loss of CII can be expressed as:

EZ1 =

∫∫

0<y≤c
CD<x≤by

(1− β1)(x− CD)f (x, y)dxdy

+

∫∫

0<y≤c
x>by

(1− β1)(by− CD)f (x, y)dxdy (14)

Considering that it is difficult to obtain medical expense data
that fully satisfy the actuarial requirements, we add a risk loading
that is 30%1 of the risk premium. Further, to attract commercial
health insurers, the additional premium ratio is set at 15%.2. The
pure premium and gross premium can be calculated as follows.

Ppure1 = EZ1 × P(h = 1|X2)/P(0 < y ≤ TL2/b) (15)

Pgross1 = Ppure1 × (1+ 30%)/(1− 15%) (16)

In the second layer, the expected loss can be expressed as
Equation (17).

1In general, a security surcharge can be set at 10–30% of the pure premium (44).

In view of the high medical expense insurance pricing discussed in this paper, we

set the ratio at 30%.
2The current average operating expenses ratio set by the PHI is approximately

20% (individual medical insurance business) or 15% (group medical insurance

business). Considering that CII involves the URBMI, NRCM, and the PHI as a

group business, the additional premium ratio is set at 15%

TABLE 8 | Indicators of the CII model in the ATP approach.

Threshold CD TL1 TL2 1-β1 1-β2

25% 0.25y2 2.19y2 421,080 0.91 0.96

40% 0.4y2 2.27y2 421,080 0.85 0.93

EZ2=

∫∫

0<y≤c
CD<x≤by

(1− β1)(x− CD)f (x, y)dxdy

+

∫∫

0<y≤c
by<x≤TL2

(1− β2)[α × CD+ β1(by− CD)+ x− by]f (x, y)dxdy

+

∫∫

0<y≤c
x>TL2

(1− β2)[α × CD+ β1(by− CD)+ TL2 − by]f (x, y)dxdy (17)

We apply a risk loading of 40%3 of the pure premium, and the
additional premium ratio is set at 15%. The pure premium and
gross premium can be calculated as follows4:

Ppure2 = EZ2 × P(h = 1|X2)/P(0 < y ≤ TL2/b) (18)

Pgross2 = Ppure2 × (1+ 40%)/(1− 15%) (19)

The Fund Balance
The balance of theCII fund ismeasured by the difference between
the fund’s income and expenditure. The income and expenditure
are expressed in Equation (20). Here, EXPi is the reimbursement
paid to household i.

Income = Pgross × N (20)

Expenditure =
∑

EXPi (21)

3The security surcharge of two layers is set to 40% of the pure premium because

the coverage is higher, and it is more difficult to obtain medical expenses data that

satisfy the actuarial requirements.
4The pure premium per capita equals the pure premium divided by the average

household population size, and the gross premium per capita equals the gross

premium divided by the average household population size.

Frontiers in Public Health | www.frontiersin.org 8 March 2021 | Volume 9 | Article 64681036

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zhang et al. The Basic vs. Ability-to-Pay Approach

FIGURE 4 | CII models in the ATP approach.

EMPIRICAL RESULTS AND COMPARISON

Data Description
We use household-level data from the latest CFPS to test the
performances of the CII models by using the basic and ATP
approaches. The database is updated every 2 years, and after
deleting missing data, our samples in 2010, 2012, 2014, and 2016
cover 7,579, 7,685, 10,080, and 7,056 households, respectively.
The number of households that had inpatient experiences in
2010, 2012, 2014, and 2016 is 1,315, 1,842, 2,326, and 2,154,
respectively. The definitions of the variables and the data
descriptions are listed in the Appendix.

Our process of empirical analysis process is as follows. First,

the samples in 2014 are used to fit household hospitalization

probability and inpatient medical expense in 2016. Specifically,

the multivariate logit model is adopted to predict the probability

that a member of a family is hospitalized, and the ordinary least

square (OLS) model is used to predict the conditional probability

distribution function of household inpatient medical expenses.

Then, by combining the coefficients in Table 5 in the Appendix

and the linear trend of the variables between 2010 and 2014, the

hospitalization probability and inpatient medical expense in 2016
can be predicted. After that, assuming that the compensation
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TABLE 9 | Household cumulative OOP expenses in the ATP approach.

Threshold Cumulative annual inpatient expenses OOP expenses

25% 0.25y2i < xi ≤ 2.19y2i 0.05xi + 0.03y2i

2.19y2i < xi ≤ 421, 080 0.04xi − 0.08y2i

xi > 421, 080 xi − 0.08y2i − 404, 236.80

40% 0.4y2i < xi ≤ 2.27y2i 0.15xi + 0.06y2i

2.27y2i < xi ≤ 421, 080 0.07xi − 0.13y2i

xi > 421, 080 xi − 0.13y2i − 391, 604.40

ratio of SRBMI in China is 0.75, we can calculate the indicators
of the CII models in the two approaches using the data from the
CFPS (2012). At last, the performances of the CII models and the
balance performances of the CII fund in the two approaches can
be simulated using the data from CFPS (2016).

Table 1 shows that the hospitalization probability in 2016
is 24%, and the mean lognormal inpatient medical expense is
CNY 8.89.

Threshold of CHE
Table 2 shows the household cumulative total expense and non-
food expense. The average and 99th percentile of household total
expense are CNY 42,027.97 and CNY 250,000, respectively. Thus,
in the basic approach, the mean value of the household CHE at
the 10 and 25% threshold are CNY 4,202.80 and CNY 10,506.99,
respectively, and the cap amount of the second layer (TL2) is
CNY 500,000. The average and 99th percentile of household non-
food expense is CNY 27,305.52 and CNY 210,540, respectively.
Accordingly, the mean value of household CHE at the 25 and
40% threshold in the ATP approach are CNY 6,826.38 and CNY
10,922.21, respectively, and TL2 in this approach is CNY 421,080.

The Basic Approach’s Performance
The Indicators
The indicators of the CII models in the basic approach are shown
inTable 3 and Figure 3. The two thresholds used in this approach
are 10 and 25%. The deductible and the cap amount of the first
layer at the 25% threshold are higher than those at the 10%
threshold, and the cap amount of the second layer at both the
thresholds is CNY 500,000. Accordingly, the compensation ratios
(1–β1) and (1–β2), at the 25% threshold, are lower than those at
the 10% threshold. Then, the final household cumulative OOP
payments under the model can be calculated as shown in Table 4.
When cumulative annual inpatient expenses are below TL1,OOP
expenses are positively correlated with household total expenses;
otherwise, they are negatively correlated.

The Performance Evaluation of the CII Model
As can be seen in Table 5, before any reimbursement, the
incidence of CHE at the 10 and 25% thresholds is 23.57 and
15.32%, and the overall severity at the two thresholds is CNY
3,901.82 and CNY 3,068.25, respectively. In the two-layer CII
models, the four indicators are all reduced to a much lower level.

5The compensation ratio is based on the policies of the SRBMI in China.

TABLE 10 | Performance evaluation of the CII model in the ATP approach.

25% 40%

Without any OOP>CHE 1,445 1,203

insurance incidence 20.48% 17.05%

Overall severity 3,637.56 3,223.75

Average severity 939.34 832.48

Regional severity 17,762.37 18,908.37

SRBMI OOP>CHE 1,170 910

Incidence 16.58% 12.90%

Overall severity 3,165.09 2,699.33

Average severity 817.34 697.06

Regional severity 19,087.95 20,930.18

CII1 OOP>CHE 414 399

Incidence 5.87% 5.65%

Overall severity 1,568.11 1,536.14

Average severity 404.94 396.68

Regional severity 26,726.10 27,165.40

CII1&CII2 OOP>CHE 146 157

Incidence 2.07% 2.23%

Overall severity 36.33 56.27

Average severity 9.38 14.53

Regional severity 1,755.88 2,528.98

TABLE 11 | The CII pricing simulation in the ATP approach.

CII pricing Pure premium Gross premium

per capita per capita

25% Pricing I 344.56 526.97

Pricing II 516.14 850.11

40% Pricing I 260.50 398.42

Pricing II 444.28 731.76

The incidence, overall severity, average severity, and regional
severity at the 10% threshold are 0.85%, CNY 22.16, CNY 5.72,
and CNY 2,605.56, respectively, and at the 25% threshold, they
are 0.72%, CNY 21.26, CNY 5.49, and CNY 2,941.24, respectively.
These results demonstrate that both the two-layer CIImodels can
effectively reduce the incidence and severity of CHE. In addition,
it is noticed that all indicators, except for regional severity, at the
10% threshold are higher than those at the 25% threshold; this
means that the model at the 10% threshold is more effective in
alleviating CHE for households suffering from it.

The Premium Setting in the CII Model
The parameters of the probability distribution function of
household total expense in 2012 can be calculated via maximum
likelihood estimation (MLE). The scale and shape parameters
are 42,985.86 and 1.05, respectively. Given the simplicity
of calculation, we assume that household inpatient medical
expenses and household total expenses in the previous year are
mutually independent. The joint probability density function
can be expressed as shown in Equation (22). Then, the pricing
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TABLE 12 | The fund balance of the CII in the ATP approach.

Fund income Fund expenditure

Pricing I 25% 40% 25% 40%

The number of the

insured individuals

37,984 37,984 CII expenditure 13,236,795 10,110,504

The gross premium per

capita

526.97 398.42 The insurance operation

management expenses

2,001,655 1,513,348

The total income 20,016,548 15,133,475 The total expenditure 15,238,450 11,623,851

Pricing II

The number of the

insured individuals

37,984 37,984 CII expenditure 24,463,139 21,111,580

The gross premium per

capita

850.11 731.76 The insurance operation

management expenses

3,229,054 2,779,529

The total income 32,290,543 27,795,293 The total expenditure 27,692,194 23,891,109

of the CII models can be simulated according to the premium
calculation formulas of Pricing I and Pricing II. As can be seen
in Table 6, both the pure and gross premiums in the two-layer
CII models at the 10% threshold are higher than those at the
25% threshold.

f (x, y2) =
1

√
2π × 1.18× x

×
1.05

42, 985.86

×(
y1

42, 985.86
)0.05e

− (ln x−8.89)2

2×1.182
−(

y1
42,985.86 )

1.05

(22)

The Fund Balance in the CII Model
We assume that all residents paid Pricing I or Pricing II in 2014;
thus, the number of insured individuals is 37,984. As can be seen
inTable 7, regardless of the pricing, theCII fund is fairly balanced
and can have a slight surplus. Thus, the pricing of the proposed
CII design can achieve the desired financial sustainability.

The ATP Approach’s Performance
The Indicators
The indicators of the CII models in the ATP approach are shown
inTable 8 and Figure 4. The two thresholds used in this approach
are 25 and 40%. As in the basic approach, the deductible and
cap amount of the first layer at the 25% threshold are lower than
those at 40% threshold, while the compensation ratios (1–β1) and
(1–β2), at the 25% threshold are higher than those at the 40%
threshold. The cap amount of the second layer CII model at the
two thresholds is the same that is, CNY 421,080. Thus, the final
household cumulativeOOP payments under themodel at the two
thresholds are calculated in Table 9.

Evaluation of the Performance of the CII Model
As can be seen in Table 10, in the case of without any insurance,
the incidence of CHE at the 25 and 40% thresholds is 20.48
and 17.05%, and the overall severity values at the two thresholds
are CNY 3,637.56 and CNY 3,223.75, respectively. In the two-
layer CII models, all four indicators drop significantly at the two
thresholds. The incidence, overall severity, average severity, and
regional severity at 25% threshold are 2.07%, CNY 36.33, CNY
9.38, and CNY 1,755.88, respectively, and the corresponding

values at the 40% threshold are 2.23%, CNY 56.27, CNY 14.53,
and CNY 2,528.98, respectively. Further, whether households or
households suffering from CHE are insured, the model at the
25% threshold can reduce the incidence and severity of CHE to
a lower level.

The Premium Setting in the CII Model
ThroughMLE, the scale and shape parameters in the probability
distribution function of household non-food expense in 2012
can be calculated, 24,433.57 and 0.83, respectively. The joint
probability density function can be expressed as Equation (23).
Table 11 presents the premium calculation results.

f (x, y2) =
1

√
2π × 1.18× x

×
0.83

24, 433.57

×(
y2

24, 433.57
)−0.17e

− (ln x−8.89)2

2×1.182
−(

y2
24,433.57 )

0.83

(23)

The Fund Balance in the CII Model
As shown inTable 12, irrespective of the pricing, the total income
of the CII fund is higher than its total expenditure at the two
thresholds. Besides, the surplus of the CII fund at the 25%
threshold is more than that at the 40% threshold; this means that
the 25% threshold can not only ease the households’ CHE but also
keep the fund in a more stable state.

Comparison
The preceding results show that both approaches can reduce
the incidence and severity of household’s CHE, but the basic
approach can alleviate CHE more effectively in the two-layer CII
models. On the one hand, the incidence of CHE in the basic
approach can be reduced to a low level of 0.85% at the 10%
threshold and 0.72% at the 25% threshold; this is clearly <2.07%
at the 25% threshold and 2.23% at the 40% threshold in the ATP
approach. On the other hand, the average and overall severity in
the basic approach are also less than those in the ATP approach;
this means that the basic approach is more effective in reducing
the loss for all insured households. However, compared with the
two severity indicators mentioned above, the two approaches
have different performances in regional severity. Regardless of
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the thresholds used, the regional severity of CHE in the ATP
approach is lower than that in the basic approach; this means
that the ATP approach can reduce more effectively the severity
for households suffering from CHE.

Further, in order to judge the performances of CII models
fairly, we compare the model based on the basic approach at
10% threshold with that in the ATP approach at 25% threshold
according to the value of CHE; further, we also compare the
remaining two models. The conclusions reached about the
incidence and severity of the CHE are consistent with those in
the previous analysis.

In terms of the premium pricing and fund balance of CII,
there are also some distinctions between the two approaches.
The premiums in the basic approach at the 10% threshold,
including the pure and gross premiums in the first and second
layers, are higher than those in the ATP approach at the 25%
threshold. The result is similar when the premiums in the basic
approach at the 25% threshold are compared with those in the
ATP approach at the 40% threshold. Besides, from the perspective
of the performance of the CII fund, the CII fund can achieve its
financial sustainability irrespective of the threshold used.

CONCLUDING REMARKS

The protection of people from CHE has been widely accepted
as a desirable objective of global health care financing systems.
With the purpose of further reducing CHE, the CII program
in China is being implemented for the past 6 years. However,
literature that examines whether different measurements of CHE
matter in China’s CII program is scarce. In order to fill this gap,
we compare two-layer CII models built according to the basic
and ATP approaches at different thresholds. Exploiting the CFPS
(2010–2016), we demonstrate that the basic approach is more
effective in alleviating the incidence and severity of CHE for
all insured households, but the ATP approach can significantly
reduce the severity of CHE for households suffering from CHE.
Further, by comparing two thresholds in the basic approach, it is
found that the 25% threshold can bring the incidence and severity
of CHE for all insured households to a lower level, and the 10%
threshold can relieve more effectively the severity of CHE for
households suffering from CHE. However, in the ATP approach,
the 25% threshold is more effective than the 40% threshold in
alleviating the incidence and severity of CHE.

Based on the analysis above, the following implications can
be drawn. First, regardless of the measurements of CHE, the

CII program can effectively reduce the risk of CHE. Therefore,
the program should be promoted widely as a supplement
to the current SBMI system. In addition, to improve the
effectiveness of the program, China’s CII program should be
implemented under the basic approach. Further, the threshold
used to measure CHE should be determined by the goal pursued
by the CII program. More importantly, as the second-largest
economy and the most populous country in the world, China
has established a CII program that covers a high percentage
of CHE. Thus, the choice of CHE measurement in China’s
CII program can provide valuable guidance for other similar
international programs.

However, our research has limitations. First, our two-layer
model has been built on China’s current healthcare financing
system, while its framework prevails around the world. Thus,
we believe that possible adjustments are needed according to
different countries’ circumstance. Second, since China is a large
country, different coordination levels are actually adopted based
on regional economic and social development. It could be a very
interesting direction for our future work.
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This paper uses the mixed frequency vector autoregression model to explore the impact

of economic fluctuations on infectious diseases mortality (IDM) from China perspective.

We find that quarterly gross domestic product (GDP) fluctuations have a negative

impact on the annual IDM, indicating that the mortality of infectious diseases varies

counter-cyclically with the business cycle in China. Specifically, IDM usually increases with

deterioration in economic conditions, and vice versa. The empirical results are consistent

with the hypothesis I derived from the theoretical analysis, which highlights that economic

fluctuations can negatively affect the mortality of infectious diseases. The findings can

offer revelations for the government to consider the role of economic conditions in

controlling the epidemic of infectious diseases. Policymakers should adopt appropriate

and effective strategies to mitigate the potential negative effects of macroeconomic

downturns on the mortality of infectious diseases. In the context of the COVID-19

pandemic, these analyses further emphasize the importance of promoting economic

growth, increasing public health expenditure, and preventing and controlling foreign

infectious diseases.

Keywords: economic fluctuations, infectious diseases mortality, mixed frequency vector autoregression model,

counter-cyclically, China

INTRODUCTION

The objective of this paper is to analyze the relationship between economic fluctuations and
health outcomes in China from the perspective of infectious diseases. Safety of human beings has
always been threatened by infectious diseases (1), which are the leading cause of death worldwide
accounting for a quarter to a third of all mortality (2). Approximately one new human infectious
disease emerges per 8 months on average (3). In recorded human history, the globe has suffered
from many shared infectious diseases (4), such as the fourteenth century Black Death and the 1918
influenza pandemic, which has caused 25–40 million and 50–100 million deaths, respectively (5, 6).
In recent years, the health burden of infectious diseases is believed to be becoming insignificant,
because improvements in nutrition, sanitation, and public health policies have caused a steady
decline in overall incidence and mortality (7, 8). However, the outbreak of several epidemics
of infectious diseases, such as human immunodeficiency virus (HIV), severe acute respiratory
syndromes (SARS), highly pathogenic avian influenza (H5N1), Middle East respiratory syndrome
(MERS), still has produced serious economic impacts and health security threats (4, 9). Coronavirus
disease 2019 (COVID-19) is a newly infectious disease with seemingly high transmissibility (2),
which has spread globally since January 2020. The World Health Organization (WHO) reports
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that as of 15 February 2021, there have been over 108 million
confirmed cases of COVID-19, including more than 2 million
fatalities. The outbreak of COVID-19 not only causes increasing
mortality rate, but it also generates negative spillovers to the
real economic systems. There is a significant decline in trade
throughout 2020 owing to the COVID-19 pandemic, and the
globe is experiencing a new economic crisis (10). In light of
these recent epidemics, it is clear that infectious diseases still
play an important role in global health policy, transportation
safety, and economy (7, 11). As the infectious diseases affect the
ability to work and the accumulation of human capital, their
outbreaks ultimately influence the economic growth (12). In
turn, the impact of economic fluctuations on health outcomes
can be far-reaching. These include shifts in trends in health
risk such as immunization levels and utilization of health
services, and differential impact on vulnerable groups. In the
1990s, countries of the former Soviet Union (FSU) and Eastern
Europe have experienced a devastating economic crisis, as gross
domestic product (GDP) has fallen by one-third on average
(13). Concurrently, the incidence, prevalence and mortality
of tuberculosis have risen markedly (14). HIV has increased
from relatively low pre-crisis levels; diphtheria (15), tick-borne
encephalitis (16) and leptospirosis have also occurred. Some
increases in observed infectious diseases are seen following the
2008 global financial crisis, notably for influenza, HIV and
indigenous malaria (17). Furthermore, diminished screening,
treatment and case-management services are documented over
the period 2008–2009 for the U.S. services in sexual health.
During the European recession in 2009–2010, the government
has cut budgets, specifically those related to infectious disease
prevention services (18). Therefore, we can conclude that there is
a close link between economic fluctuations and health conditions,
as well as infectious diseases.

Since the economic reform in 1978, the Chinese economy
has grown at a remarkable pace in the past few decades. China
has established a complete infectious disease prevention, control,
and biosafety system which effectively reduces the prevalence
of infectious diseases (1). Nevertheless, the infectious diseases
are still the major public health threat in China. The National
Health Commission of the People’s Republic of China reports
that there are 5,806,728 notifiable infectious diseases cases and
26,374 deaths in 2020. The advance of globalization, frequent
personnel exchanges, and close international trade cooperation
make it possible for infectious diseases from all over the world
to be imported into China (19). Since 2003, the outbreak
of new infectious diseases, such as SARS, H5N1, and MERS,
has revealed some shortcomings of China’s infectious disease
prevention system (1, 20). In 2009, a total of seven infectious
diseases (hepatitis B and C, pulmonary tuberculosis, dysentery,
syphilis, gonorrhea, and H1N1 influenza A) has a national
reported incidence number >100,000. Three out of the seven
major infectious diseases (i.e., pulmonary tuberculosis, syphilis,
and gonorrhea) has a close correlation with economic growth
(21). Conversely, the epidemic of infectious diseases can cause
economic fluctuations. The current COVID-19’s infectivity and
transmission speed surpass those of the previous infectious
diseases, and has affected many industries and society (22),

causing unprecedented economic damages to China (23). In
the first quarter of 2020, the GDP has represented a decrease
of 6.8% compared to the same period in 2019. Obviously,
there are certain links between economic fluctuations and the
incidence and mortality of infectious diseases for China, this
is worth exploring. However, previous studies have focused on
the relationship between business cycles and health outcomes in
developed countries, and little is known about emerging market
economies. China exhibits almost all of the notable features
that characterize emerging market countries (24). Moreover,
China is a major contributor to the worldwide infectious disease
burden because of its population size. Thus, we will explore
the correlation between economic fluctuations and infectious
diseases mortality (IDM) from the perspective of China.

This paper applies the time-series data over the period
from 1992Q1 to 2019Q4 and the mixed frequency vector
autoregression (MF-VAR) approach to conduct the empirical
analysis. We obtain the negative impact of quarterly GDP
fluctuations on the annual IDM, suggesting that the mortality
of infectious diseases behaves counter-cyclically as it changes
with the business cycle in China. More precisely, IDM tends to
increase (decrease) during economic contractions (expansions).
The results support the hypothesis I derived from the theoretical
analysis, which highlights that economic fluctuations have a
negative impact on the mortality of infectious diseases. These
analyses can provide implications for the government to consider
the role of economic conditions in controlling the epidemic of
infectious diseases. High economic growth is associated with
lower mortality and vice versa, this would offer guidance on
the future impact of macroeconomic downturns for the spread
of infectious diseases. It is necessary for the government to
adopt appropriate and effective policies and strategies to mitigate
the potential negative effects of infectious diseases. Besides,
public health expenditure is an important pathway through
which economic conditions affect the mortality of infectious
diseases. This implies that the government should invest in the
latest medical technology and continue to improve the public
health-care system. Also, the prevention and control of foreign
infectious diseases should be considered in the development of
effective public health strategies in China.

There are several contributions of this paper. First, the
previous studies mainly focus on exploring the correlation
between economic fluctuations and health outcomes in high-
income countries [see Budhdeo et al. (25), Gerdtham and Ruhm
(26), Strumpf et al. (27), Tapia Granados (28, 29)]. However,
few studies have examined how fluctuations in the economy
affect health states in low- and middle-income countries.
Such studies include Arroyave et al. (30) and Ruhm (31) for
Columbia, Bhalotra (32) for India, Gonzalez and Quast (33,
34) for Mexico. While the extant literature has extensively
demonstrated the relationship between the two variables, there
is no specific study on China. Thus, we attempt to fill this gap
by examining the impact of economic fluctuations on health
outcomes from China perspective. Second, the existing literature
has identified the cyclical changes of some cause-specific
mortality (e.g., cancer, cardiovascular disease, suicide, adult and
infant mortality) with economic conditions, but explorations
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of infectious diseases are relatively limited. However, infectious
diseases are major threats to public health, and remains a
leading source of human morbidity and mortality (7, 8). The
study is a groundbreaking work to investigate whether the
mortality of infectious diseases is pro-cyclical or counter-
cyclical in China. Third, since traditional approach requires
all data to have a single frequency, previous studies usually
aggregate high-frequency variables, which may make statistical
estimates inaccurate. In order to obtain the heterogeneous
effects of high-frequency variables on low-frequency series,
it is necessary to use the MF-VAR model that does not
require any filtering procedures. Thus, we contribute to the
literature by employing the MF-VAR model to explore the
impact of quarterly economic fluctuations on annual mortality
of infectious diseases.

The remainder of this study is arranged as follows: Section
“Literature Review” provides an overview of the relevant studies.
We illustrate the theoretical mechanism and research hypothesis
in section “Theoretical Analysis and Research Hypothesis” and
describe the MF-VAR model in section “The Mixed Frequency
Vector Autoregression Model”. Section “Data” explains the data
used in the paper. Section “Empirical Results” presents our
findings, while section “Conclusions” concludes.

LITERATURE REVIEW

The association between business cycle and mortality has been
extensively studied. Specifically, most evidence from high-
income countries indicates that the overall mortality is pro-
cyclical—it increases (decreases) during economic expansions
(contractions). Neumayer (35) holds that recessions lower
some, but not all, mortality in the case of Germany. Tapia
Granados (29) reveals that unemployment effects on general
mortality are negative, the death rate increases pro-cyclically
when joblessness diminishes in an economic expansion in
Spain. Gerdtham and Ruhm (26) suggest that a 1% decrease
in the unemployment rate is associated with growth of 0.4% in
total mortality for Organization for Economic Cooperation and
Development (OECD) countries. Tapia Granados (28) illustrates
that general mortality and age-specific death rates in Japan
tend to increase during expansions and conversely drop during
recessions. Ariizumi and Schirle (36) point out that a 1% increase
in the unemployment rate lowers the predicted mortality of
Canadians in their 30s by nearly 2%. Toffolutti and Suhrcke (37)
find that during the European Union (EU)’ Great Recession,
an increase of 1% in the standardized unemployment rate has
resulted in a decrease of 3.4% in the all-cause-mortality. Ruhm
(38) confirms that the effects of severe recessions in the U.S.
appear to have a beneficial effect on mortality that is roughly
twice as strong as that predicted by the elevated unemployment
rates alone. Strumpf et al. (27) highlight that a 1% increase in
unemployment rate in U.S. metropolitan area is associated with
a decrease in overall mortality of 3.95 deaths per 100,000 person
years. Spiteri and Brockdorff (39) demonstrate that in Europe,
there is a statistically-significant inverted U-shaped relationship,
whereby as income increases cardiovascular disease mortality

first rise, before declining at subsequent levels of development.
However, not all studies support this assertion, they find a
counter-cyclical pattern with mortality rising during recessions.
Gerdtham and Johannesson (40) suggest that for Swedish men,
a significant counter-cyclical relationship does exist between the
business cycle and the mortality risk. Economou et al. (41) argue
that in the EU, there is a close positive relationship between
adverse economic conditions and the mortality. Halliday (42)
uses the individual-level data in the U.S., and illustrates that a 1%
increase in the unemployment rate raises the probability of dying
next year by 6%. Budhdeo et al. (25) conclude that the overall
reduction in public investment, including health care, during
times of crisis in the EU has been associated with an overall
increase in mortality. Little is known about the relationship
between business cycles and the mortality in low- or middle-
income countries, with studies conducted yielding contradictory
results. Ruhm (31) shows that Columbia’s high unemployment
rates are related to lower mortality, and vice versa. Bhalotra (32)
finds that rural infant mortality in India is counter-cyclical, the
elasticity being about−0.33. Gonzalez and Quast (33, 34) denote
that while overall mortality appears to be pro-cyclical for Mexico,
the relationship may vary by the level of development of states
and differ for several specific causes of death. Similarly, Arroyave
et al. (30) state that relationship between business cycles and
mortality changes with period and age, and indicate that there
is no evidence of pro-cyclical mortality in Colombia. Williams
et al. (43) suggest that a rise in unemployment is associated with
long-lasting deterioration of several population health outcomes
in Latin America.

In addition, few studies explore the impact of economic
fluctuations on the morbidity or mortality of infectious diseases.
Kentikelenis et al. (44) suggest that migrants are especially
vulnerable to infectious diseases during economic crises. Hunter
et al. (17) find that the relationship between economic indicators
(e.g., GDP per capita and unemployment rate) and infectious
disease incidence is usually non-linear. Shahbazi and Khazaei
(45) show that there is a higher concentration of morbidity and
mortality of COVID-19 in countries with higher socioeconomic
status. Goutte et al. (46) document that higher economic
“precariousness indicators” such as unemployment and poverty
rates, are important factors in determining COVID-19 mortality.
Conversely, many studies evaluate the economic impacts of
infectious diseases. Blake et al. (47) indicate that the outbreak
of foot and mouth disease in the UK has larger adverse
effects on GDP through reductions in tourism expenditure.
Hai et al. (48) point out that SARS has significant negative
impacts on China’s economy. Verikios et al. (49) assert that
H1N1 epidemic could have significant short-runmacroeconomic
effects but the size of these effects is highly dependent on the
degree of inertia in the markets for physical capital and labor.
Goenka et al. (50) state that there is a two-way interaction
between the economy and the infectious disease. Kumar et al.
(51) argue that H1N1 influenza has huge indirect impacts
on the socio-economic framework; absenteeism and decreased
manpower cause an economic slowdown. Verikios (2) denotes
that pandemic influenza and human coronavirus lead to a global
economic recession.
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The existing literature has evaluated the relationship between
economic status and health outcomes. More precisely, numerous
studies support that mortality is pro-cyclical [e.g., (27, 33, 34,
38, 39)], while others find the opposite [e.g., (25, 32, 42)]. These
studies mostly focus on high-income countries, but the evidence
for the impact of economic fluctuations on health outcomes
in low-income or middle-income countries is rather limited.
Furthermore, although the extant literature has indicated the
potential effects of economic fluctuations on overall mortality,
relatively few analyses have yet to be done focusing on infectious
diseases. That is, the impact of economic fluctuations on IDM
has not been clearly explained. Motivated by the previous studies,
we attempt to explore whether IDM is pro-cyclical or counter-
cyclical in China. Additionally, conventional methods fail to
fit variables of different frequencies to a model, and therefore
cannot analyze the heterogeneous effects of high-frequency series
on low-frequency variables. Therefore, in order to improve the
accuracy of the estimated outcomes, we apply the MF-VAR
model to examine the relationship between quarterly economic
fluctuations (measured by GDP growth rate) and annual IDM.

THEORETICAL ANALYSIS AND RESEARCH
HYPOTHESIS

Various mechanisms have been suggested to explain why
mortality may respond to fluctuations in the business cycle (52).
Two main explanations have been identified between economic
fluctuations and health conditions. One perspective focuses on
the social and psychological difficulties caused by the economic
recession, which can explain that mortality behaves counter-
cyclically as it moves with the business cycle. The material
losses caused by unemployment, and the reduction of personal
health expenditure may ultimately lead to unhealthy diets.
In addition, the stress, anxiety and psychological difficulties
associated with being unemployed or managing to stay in
employment are also harmful to health. Mainly because the
affected people usually resort to drugs and alcohol to alleviate
their stress and hardship. Novo et al. (53) report that the
physical and psychological conditions of 21-year-olds are worse
during the recession compared to the period of economic
expansion. There is substantial evidence that unemployed people
suffer from deterioration in physical and mental health and
well-being (54, 55). Another perspective is derived from the
economic model of utility maximization (35, 37), this can
explain that mortality varies pro-cyclically with the business
cycle. Specifically, in this model, four main pathways can be
summarized to explain that economic expansions (contractions)
may have a negative (positive) impact on health conditions.
First, during the economic boom, the opportunity cost of leisure
time increases as more personal work and income. Less time
is spent on health maintenance activities and routine physical
examinations. As a result, health deteriorates, or mortality
increases with improvements in economic conditions. Second,
during the economic downturn, workers may benefit from
lower stress levels due to reduced working hours. Conversely,
the economic improvement can increase job-related pressures,

and the affected people may resort to alcohol, medication
and drugs, which instead leads to the deterioration of their
health. Third, work-related accidents increase in periods of
economic expansion. On the contrary, due to lower overall
economic activity, work-related or other types of accidents (e.g.,
motor vehicle accidents) may decrease. Fourth, globalization
and international travel have increased the ability of persons
to move all across the globe. The economic recession reduces
the incentives for immigration, and the reduction of imported
diseases has led to a lower death rate at the destination. Therefore,
we can obtain two different aspects of the impact of economic
fluctuations on health outcomes.

The influence mechanism of the economic fluctuation on
infectious diseases has received comparatively-less attention
within the theoretical literature. Nevertheless, there is still
evidence that the incidence of infectious diseases has increased
significantly during the previous economic crisis and downturn
(13). It is widely known that the recession during 2008-2009
has caused serious economic hardship for many governments
and citizens around the globe. Some European countries have
cut budgets for infectious disease control, putting infected
people at risk of interruption of treatment. Workers are
afraid of unemployment and do not want to take sick leave,
which potentially increases the risk of disease transmission at
work (56). In addition, economic choices on investment in
health services can affect the disease transmission (50). Mainly
because investment expenditures lead to accumulation of health
capital, and thus reducing the incidence and infectivity of
infectious diseases. For instance, vaccination against an infectious
disease can reduce the number of susceptible individuals in
the population, and lower morbidity and mortality during the
epidemic period (57). However, the vaccination rate is usually
limited by government budgets, which limits the capacity to
control infectious diseases. Therefore, the worsening of the
outcomes of infectious diseases during recession is usually due
to higher infection rates and fewer treatment opportunities in
poor economic environments. Although the above analyses may
lack detail for specific diseases, it does enable an understanding of
how economic fluctuations could lead to rises (as well as potential
reductions) in infectious disease transmission risk.

Summarizing the above analyses, we put forward the following
Hypotheses I and II.

Hypothesis I: IDM behaves counter-cyclically as it moves with
the business cycle, suggesting that economic fluctuations have a
negative impact on the mortality of infectious diseases.

Hypothesis II: IDM varies pro-cyclically with the business
cycle, indicating that economic fluctuations have a positive
impact on the mortality of infectious diseases.

THE MIXED FREQUENCY VECTOR
AUTOREGRESSION MODEL

In order to prove that the choice of sampling frequency may
cause changes in the empirical results, we introduce low- and
mixed-frequency VAR models, respectively.
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Low-Frequency VAR
In the first stage, the benchmark low-frequency VAR (LF-VAR)
model is constructed as Equation (1):
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where GDPt , IDMt , and CDCt signify annual gross domestic
product, infectious diseases mortality and Centers for Disease
Control and Prevention, respectively. The CDC is responsible
for collecting data, detecting and analyzing possible epidemics of
diseases, and actively following reported cases (4). Specifically,
the information platform in CDC can establish links between
hospitals and public health services, which has played an
important role in increasing the detection of infectious disease
cases (58). Thus, we choose the numbers of CDC in health
institutions as the control variable. Besides, each series is
sufficiently differenced so that the covariance stationarity is
satisfied (59). To capture potential seasonality, the lag length k
is set to 4. aij,k represents the corresponding coefficients, with
i, j = 1, 2, 3 and k = 1, . . . , 4. Then, based on Equation (1), IDMt

can be expressed as the following:
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4
∑
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[

a21,k GDPt−k + a22,k IDMt−k + a23,k CDCt−k

]

+ ε2t (2)

LetGDPt denote the average quarterly GDP, which can be written
as GDPt = (GDP1t + GDP2t + GDP3t + GDP4t)/4. GDPit
represents the GDP at the i-th quarter of year t, where i =

1, . . . , 4. Equation (2) could be further extended to Equation (3):
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where GDPi,t−k has a homogeneous impact of a21,k/4 on IDMt .

Mixed-Frequency VAR
The LF-VAR model requires that all series have a single
frequency, and aggregating high-frequency variables may lead
to inaccurate statistical estimates. In view of this, Ghysels and
Valkanov (60) propose that mixed data sampling regression is a
more effective estimation than the classic method of aggregating
all series to the least frequency sampling. In order to obtain
the heterogeneous effects of high-frequency variables on low-
frequency series, it is necessary to use the mixed-frequency VAR
(MF-VAR) model, which is primarily designed for a small ratio of
sampling frequencies (61, 62). Thus, a MF-VARmodel consisting
of quarterly GDP and annual IDM and CDC, can be constructed
in the following way:
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where aij,k are coefficients matrices with i, j = 1, . . . , 6 and
k = 1, . . . , 4, and εit is the interference term. The mixed data
sampling regression can reduce the number of coefficients by
fitting a function to the parameters of high-frequency variables
(59, 63). In Equation (4), we observe that GDP1t , GDP2t , GDP3t ,
GDP4t are stacked in a vector. Thus, in order to clearly express
the connection between the economic fluctuations and IDM,
Equation (3) can be further transformed as follows:

IDMt =

4
∑

k=1





4
∑

j=1

a5j,kGDPj,t−k + a55,kIDMt−k + a56,kCDCt−k



+ ε5t (5)

since a5j,k can take different values from each other under
j = 1, . . . , 4, GDP1,t−k, GDP2,t−k, GDP3,t−k, and GDP4,t−k are
considered to have heterogeneous effects on IDMt . Then, this
study performs impulse response analysis and forecast error
variance decomposition for each model. We follow Wang et al.
(63) and clearly set the Cholesky order, which is GDPt →

IDMt → CDCt in the LF-VAR model, and GDP1t → GDP2t →
GDP3t → GDP4t → IDMt → CDCt in the MF-VAR model.

Generally, the conventional method uses temporal
aggregation to process data of different frequencies. However,
Silvestrini and Veredas (64) have demonstrated that if high-
frequency variables are forced to be aggregated, statistical
inferences will be inaccurate. In contrast, the MF-VAR model,
which does not require any filtering procedures, has the unique
advantages of capturing the heterogeneous effects of high-
frequency series on low-frequency variables (59). With this
method, we fit variables of different frequencies to a model.
Therefore, we will apply the MF-VAR model to capture the
impact of quarterly GDP fluctuations on the annual IDM.

DATA

This paper aims to explore the impact of economic fluctuations
on the mortality of infectious diseases over the period from
1992Q1 to 2019Q4. From the perspective of GDP1 growth rate,
the first high-growth period during 1991–1997 occurs after
China’s market reform starting from 1992 (65). Deng Xiaoping’s
Southern Tour in 1992 has stimulated further reform and open-
door policies, leading to subsequent economic booms (66). We
use quarterly GDP growth rate tomeasure economic fluctuations.
The Chinese government has established a routine reporting
system for selected infectious diseases in the 1950s (58). The
mortality is often used as an indicator to measure the outbreak
of infectious diseases (12), expressed as the number of deaths per
100,000 population per year. The notifiable reported infectious
diseases mortality (IDM)2 decreases for the first time in 1992
to <1 death per 100,000 people per year. We notice that
the substantial reduction in mortality from infectious diseases
may have certain connection with China’s rapid economic
development during the same period. Besides, mortality may be
affected by health services and investments (50, 67, 68). From the

1GDP is obtained at a quarterly frequency from the National Bureau of Statistics

of China.
2IDM is taken from the Wind database.
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perspective of health institutions, all suspected and confirmed
cases of infectious diseases seen in China’s vast hospital system
would be immediately reported to the Center for Disease Control
and Prevention (CDC). Then, CDCwill ensure that the infectious
diseases case is properly diagnosed and managed, and that
appropriate measures are undertaken to control (58). This shows
that CDC plays a key role in reducing the infectivity of infectious
diseases and improving the recovery rate. Thus, we choose the
numbers of CDC3 in health institutions as a control variable to
further explain changes in mortality from the infectious disease.

It can be clearly seen from the Figure 1 that 5 years with
significant fluctuations in IDM are 1993, 1997, 2004, 2010, and
2017, respectively. During the high economic growth period
of China’s market reforms in 1993, with the improvement of
living standards, public health activities have increased, and thus
leading to a considerable drop in the incidence and mortality
of infectious diseases. The growth rates of China’s GDP have
declined due to the Asian financial crisis in 1997 (69), but
IDM has experienced an upward trend. The outbreak of SARS
in 2003 has revealed some shortcomings of China’s infectious
disease prevention system (20). The incidence and mortality of
infectious diseases have shown a significantly increasing trend
in 2004. Meanwhile, the expansion of fixed assets investment in
the whole society has triggered the second rapid growth of the
Chinese economy (65). More frequent exchanges of economic
activities and close business behaviors have increased the spread
of infectious diseases, such as AIDS. The implementation of
the 4-trillion-Yuan economic stimulus package has maintained
the economic growth in 2010. During this period, public health
expenditure has increased, which is conducive to the prevention
and control of infectious diseases, thereby leading to a decline
in IDM. China’s economy has maintained a relatively stable
and rapid growth especially before 2012 (70), but since then,
a significant decline trend can be detected in GDP series. The
slowdown in economic growth has led to the implementation
of supply-side structural reforms in 2016 (71), which has
strengthened the vitality of the whole society and promoted rapid
economic development in 2017 (72). However, there is a slight
rise in IDM; we can explain it from the perspective of the foreign
infectious diseases. The number of infectious diseases among
foreign cases reported in China present an increasing trend in
2017 (4), which has posed serious public health security threats.
Moreover, with the development of the economy, the substantial
increase in the migrant population and commercial sex has made
the prevention and control of infectious diseases more difficult.
Thus, we can conclude that there is a close link between economic
fluctuations and the mortality of infectious diseases.

Table 1 presents the results of the descriptive statistics. The
GDP growth rate series have relatively equal values in terms
of mean and standard deviation. The negative skewness of
CDC reflects that this variable is left-skewed distributions,
but all other series are positively skewed. Since the kurtosis
values of all series are >3, this suggests that they have a
leptokurtic distribution. Furthermore, the Jarque-Bera index
indicates that at the significance level of 1%, all these variables
are non-normally distributed. However, Ghysels et al. (61)

3CDC is obtained from the Wind database.

suggest that the normality assumption is not necessary for
the MF-VAR model. Traditional unit root tests, such as
Augmented Dickey-Fuller (ADF), Phillips-Perron (PP), and
Kwiatkowski-Phillips-Schmidt-Shin (KPSS) tests (73–75), do not
consider structural breaks in detecting process. Thus, Enders
and Lee (76) add flexible Fourier transform into a unit root
detection process, which can well-recognize unknown breaks
without considering their dates and locations. Table 2 reports
the corresponding results, and all series are stationary at the
1% significance level; also, the spurious connection among GDP,
IDM and CDC is excluded. Therefore, these three variables can
be used in the LF-VAR and MF-VAR models.

EMPIRICAL RESULTS

In the first stage, we analyze the empirical results of the LF-VAR
model. The impulse response function reported in Figure 2 has a
95% confidence interval, which is constructed by the parameter
bootstrap (with a sample frequency of 10,000) at each horizon
h= 0, . . . ,12. We notice that there is no significant impact from
GDP to IDM. However, the impulse response of IDM to a 1
shock from CDC (expressed as “CDC → IDM”) is negative at
the horizon h= 0, . . . ,12. We can explain it from two sides. First,
the National Notifiable Infectious Disease Reporting Information
System (NNIDRIS) is currently the largest system for reporting
infectious disease cases in China, to help collect information
on disease occurrence and epidemics, and provides an early
warning for outbreaks (4, 77). The CDC at all levels across
the country can obtain information about infectious diseases in
real time from NNIDRIS, and carry out prevention and control
in advance, thereby effectively reducing the risk of infectious
disease epidemics. Second, all suspected and confirmed cases of
infectious diseases seen in China’s vast hospital system would be
immediately reported to the local CDC. Then, CDC staffs will
ensure that the infectious diseases case is properly diagnosed
and managed, and that appropriate measures are undertaken
to control (58). Thus, the negative impact of CDC on IDM
can be evidenced. As the number of CDC increases (decreases),
IDM tends to decline (rise). We can conclude that in China,
CDC plays an important role in controlling the mortality of
infectious diseases.

In Table 3, the forecast error variance decomposition of IDM
in the LF-VAR model confirms the large explanatory power of
CDC, and the small explanatory power of GDP. In the long-run
h = 12, the forecast error variance of IDM is explained 13.6%
by GDP, 38.4% by CDC, and 48.0% by itself. Overall, the LF-VAR
model exhibits a relatively weak degree of interdependence across
variables. Thus, the LF-VAR model fails to explain the changes
in IDM from the perspective of economic fluctuations. This is
because the GDP series is an aggregated high-frequency variable,
which causes inaccurate statistical inferences. In view of this, we
will employ theMF-VARmodel to revisit the correlation between
GDP and IDM.

The forecast error variance decomposition of the MF-VAR
model is shown in Table 4. We note that the GDP series
have a greater explanatory power for IDM. The long-term
forecast error variance of IDM is attributed to GDPi=1,2,3,4 by
67.3%, CDC by 13.9%, and IDM itself by 18.8%. The total
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FIGURE 1 | The change trends of GDPi, IDM and CDC. This figure presents the growth rates of GDP1, GDP2, GDP3, GDP4, IDM, and CDC from 1992 to 2019.

TABLE 1 | Descriptive statistics.

GDP1 GDP2 GDP3 GDP4 GDPA IDM CDC

Mean 0.138 0.134 0.132 0.130 0.133 −0.003 −0.003

Median 0.122 0.108 0.108 0.107 0.107 −0.007 0.000

Maximum 0.316 0.318 0.316 0.296 0.311 0.241 0.019

Minimum 0.064 0.057 0.057 0.058 0.062 −0.219 −0.063

Std. Dev. 0.065 0.066 0.065 0.064 0.064 0.085 0.014

Skewness 1.060 1.045 1.190 1.316 1.184 0.576 −2.676

Kurtosis 3.536 3.484 3.852 4.180 3.809 5.425 12.899

Jarque-Bera 5.382*** 5.178*** 7.192*** 9.364*** 7.063*** 8.108*** 142.460***

This table reports the descriptive statistical summary for the growth rate of each variable. GDPA denotes the aggregate average of the growth rates of GDP1, GDP2, GDP3, and GDP4.
*** indicates the statistical significance at 1%.

TABLE 2 | Statistics of fourier unit root test.

GDP1 GDP2 GDP3 GDP4 GDP IDM CDC

−7.622*** −6.358*** −6.275*** −7.831*** −6.193*** −12.364*** −10.085***

*** denotes the statistical significance at 1%. The critical values for the statistics are taken from Enders and Lee (76).

contribution of the GDP series is as large as 67.3% as opposed
to 13.6% in the LF-VAR model. This suggests that aggregating
quarterly GDP into an annual level underestimates the impact
of economic fluctuations. Figure 3 presents the impulse response
functions based on the MF-VAR model. GDP→ IDM is
significantly negative at any horizon, indicating that themortality

of infectious diseases behaves counter-cyclically as it changes
with the business cycle in China. More precisely, this finding
demonstrates that IDM tends to increase (decrease) during
economic contractions (expansions).

There are several ways to explain that high economic growth
is associated with lower IDM and vice versa. First, economic
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FIGURE 2 | Impulse response functions of LF-VAR (4).
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choices on investment in health services can affect the disease
transmission (50). Generally, public health expenditure decreases
when the economy contracts and increases when the economy
expands. Public investment expenditure affects the incidence and
infectiousness of infectious diseases through the accumulation

TABLE 3 | Forecast error variance decomposition of LF-VAR (4).

GDP IDM CDC

Decomposition of GDP

h = 4 0.995 0.001 0.004

h = 8 0.961 0.021 0.018

h = 12 0.918 0.041 0.041

Decomposition of IDM

h = 4 0.070 0.605 0.325

h = 8 0.088 0.516 0.396

h = 12 0.136 0.480 0.384

Decomposition of CDC

h = 4 0.182 0.002 0.816

h = 8 0.203 0.012 0.785

h = 12 0.181 0.030 0.789

The model is LF-VAR (4) of yearly GDP, IDM, CDC, and we perform the forecast error

variance decomposition of each series at prediction horizons h = 4, 8, and 12 years.

of health capital. For instance, routine vaccination nationwide is
considered to be the most effective way to combat the outbreak of
infectious diseases or curb a disease from spreading further (57).
However, the vaccination rate is usually limited by government
budgets, which affects the capacity to control infectious diseases.
The first high-growth period during 1991–1997 occurs after
China’s market reform starting from 1992 (65). With the
improvement of the economic level and the increase of public
health expenditure, the incidence and mortality of infectious
diseases have declined to varying degrees. Subsequently, the
growth rate of Chinese economy has declined due to the
Asian financial crisis in 1997, government health expenditure
as a percentage of GDP has fallen to 0.66%. However, IDM
experiences an upward trend, with a growth rate of 26.45%.
This evidences that the negative impact of economic conditions
on health outcomes; IDM usually increases with deterioration
in economic conditions, and vice versa. Second, from the
perspective of several significant economic fluctuations in China,
the counter-cyclical changes in the mortality of infectious
diseases can also be captured. For instance, affected by the
global financial crisis, the outbreaks of pulmonary tuberculosis,
syphilis, and gonorrhea in China in 2009 are closely related to
the economic recession (21). Chinese economy has entered an
economic recession at the business cycle frequency since about
2014 (66), and a significant decline trend can be detected in GDP

TABLE 4 | Forecast error variance decomposition of MF-VAR (4).

GDP1 GDP2 GDP3 GDP4 Sum (GDPi) IDM CDC

Decomposition of GDP1

h = 4 0.727 0.095 0.007 0.157 0.986 0.008 0.007

h = 8 0.848 0.037 0.009 0.077 0.971 0.009 0.021

h = 12 0.685 0.085 0.039 0.073 0.882 0.012 0.106

Decomposition of GDP2

h = 4 0.657 0.151 0.012 0.149 0.969 0.006 0.025

h = 8 0.840 0.056 0.009 0.067 0.972 0.007 0.021

h = 12 0.680 0.093 0.040 0.069 0.882 0.012 0.107

Decomposition of GDP3

h = 4 0.642 0.183 0.023 0.114 0.962 0.007 0.031

h = 8 0.836 0.067 0.012 0.057 0.972 0.007 0.022

h = 12 0.677 0.097 0.040 0.066 0.880 0.012 0.108

Decomposition of GDP4

h = 4 0.635 0.190 0.020 0.116 0.961 0.005 0.035

h = 8 0.833 0.070 0.011 0.057 0.971 0.007 0.023

h = 12 0.678 0.098 0.040 0.066 0.882 0.012 0.107

Decomposition of IDM

h = 4 0.190 0.129 0.058 0.187 0.564 0.266 0.170

h = 8 0.176 0.150 0.068 0.239 0.633 0.221 0.146

h = 12 0.177 0.162 0.081 0.253 0.673 0.188 0.139

Decomposition of CDC

h = 4 0.038 0.167 0.149 0.121 0.475 0.002 0.523

h = 8 0.085 0.169 0.143 0.114 0.511 0.003 0.486

h = 12 0.210 0.153 0.119 0.105 0.587 0.008 0.405

The model is MF-VAR (4) of quarterly GDPi, annual IDM and CDC, and we perform the forecast error variance decomposition of each series at prediction horizons h = 4, 8, and 12 years.
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FIGURE 3 | Impulse response functions based on MF-VAR (4).

series. In the context of the economic downturn, the notifiable
reported IDM has shown a continuous upward trend from 2014
to 2019; with rates rising from 1.19 per 100,000 to 1.79 per
100,000. In 2019, China’s economy has experienced a significant
decline due to the global trade war, especially the Sino-U.S. trade
friction (78). The outbreak of COVID-19 inWuhan in December
2019 has further strengthened the negative impact of economic
fluctuations on health conditions. Third, economic fluctuations
have an effect on the living burden and health conditions of
individuals. During the economic recession, the unemployed
suffer from the deterioration of physical and mental health and
well-being (54, 55). Specifically, the material losses caused by
unemployment, and the reduction of personal health expenditure
may ultimately lead to unhealthy diets. In addition, the stress,
anxiety and psychological difficulties associated with being
unemployed or managing to stay in employment are also harmful
to health. This explanatory has identified the effect of economic
fluctuations on overall health conditions. It further enables an
understanding of the counter-cyclical pattern with mortality
rates rising during the economic recession. Fourth, the foreign
infectious disease is considered as a major threat to Chinese
public health. Foreign visitors to China have become more
common, especially in recent years. The number of infectious
diseases among foreign cases reported in China has showed an
increasing trend between 2004 and 2017 from 517 to 7,958, with
an average annual increase of 23.40% (4). The opportunities for
foreigner cases to access to health services in China, their cultural
mentalities and individual behavior have a close connection
with the risk and burden of infectious diseases. The economic
downturn may limit the ability to prevent and control foreign
infectious diseases, which leads to a negative correlation between
economic conditions andmortality. Therefore, the above analysis
clearly explains that the mortality of infectious diseases varies
counter-cyclically with the business cycle in China.

To sum up, we compare the LF-VAR and theMF-VARmodels,
in order to highlight that changing the sampling frequency can
alter empirical results considerably. We find that the LF-VAR
model fails to explain the changes in IDM from the perspective
of economic fluctuations. However, the GDP series has a greater
explanatory power for IDM in the MF-VAR model. Besides,
IDM is negatively associated with GDP, suggesting that the
mortality of infectious diseases behaves counter-cyclically as it
changes with the business cycle in China. More precisely, this
finding demonstrates that IDM tends to increase (decrease)
during economic contractions (expansions). The results support
the hypothesis I derived from the theoretical analysis, which
highlights that economic fluctuations have a negative impact on
the mortality of infectious diseases.

CONCLUSIONS

This paper investigates the relationship between economic
fluctuations and health outcomes in China from the perspective
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of infectious diseases. In order to obtain the heterogeneous
impact of quarterly GDP fluctuations on the annual IDM, we
apply the MF-VAR model that does not require any filtering
procedures. Compared with the LF-VAR model, quarterly GDP
fluctuations have a greater explanatory power for the annual
IDM in the MF-VAR model. This indicates that aggregating
quarterly GDP into an annual level in the LF-VAR model
underestimates the impact of economic fluctuations. In addition,
we find that GDP fluctuations have a negative impact of on IDM,
suggesting that themortality of infectious diseases varies counter-
cyclically with the business cycle in China. Specifically, IDM
usually increases with deterioration in economic conditions,
and vice versa. The findings coincide with the hypothesis
I derived from the theoretical analysis, which suggests that
economic fluctuations can negatively affect the mortality of
infectious diseases.

Understanding the relationship between economic
fluctuations and the mortality of infectious diseases has
implications for China and other developing countries. First,
high economic growth is associated with lower mortality and
vice versa. This finding can help inform policymakers regarding
the role of economic fluctuations in managing pandemics.
Specifically, the differential responses of infectious diseases to
economic conditions should be taken into consideration in
the development of effective public health strategies in China.
Besides, it would provide guidance on the future impact of
macroeconomic downturns for the spread of infectious diseases.
It is necessary for the government to adopt appropriate and
effective policies and strategies, which can not only mitigate
the potential negative effects of infectious diseases, but also
maximize the efficiency of the health system during the
economic downturn. Second, public health expenditure is an
important pathway through which economic conditions affect
the mortality of infectious diseases. This implies that developing
countries including China should invest in the latest medical
technology and continue to improve the public health-care

system. In the context of the global COVID-19 outbreaks,
while the government strives to promote economic growth,
it must ensure that CDC plays a key role in preventing and
controlling infectious diseases. Third, frequent exchanges and
close economic connections around the globe have increased the
risk of foreign infectious diseases spreading to China or other
countries. In particular, governments in developing countries
should consider strengthening border inspections, developing
international cooperation and early warning as effective
measures to prevent and control the epidemics of infectious
diseases. The correlation between economic fluctuations and
health outcomes could be a fruitful area for future study. We
intend to examine the relationship between the level of economic
development in different regions of China and the incidence of
infectious diseases in future studies; thus, a new method (e.g.,
panel threshold regression model) will be utilized.
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This article employs asymmetric panel causality test to address the causal nexus between

energy consumption (EC) and healthcare insurance premiums (IP) for China’s different

provinces. The empirical results indicate that there exist asymmetric causality runs from

positive EC shocks to positive healthcare IPs in Beijing, Hebei, Tianjin, Shanxi, Inner

Mongolia, Shaanxi, Gansu, Qinghai, Ningxia, Shandong, Henan, and Anhui. There is no

significant link in southern and northeastern provinces mainly because of their industrial

structure, high economic development level, strong insurance consciousness, and

climate conditions. Therefore, governments should encourage technological innovation

and further improve energy efficiency. Meanwhile, we need to optimize EC structure

and raise the proportion of renewable energies. The authorities should carry out stricter

environmental protection policies and protect people from pollution that comes from fossil

fuel burn. The commercial health insurance should be included in the health system and

become an important supplement to public health insurance.

Keywords: energy consumption, healthcare insurance premiums, asymmetric panel causality test, provincial

heterogeneity, environmental pollution

INTRODUCTION

In our article, we investigate the causal nexus between energy consumption (EC) and health
insurance (HI) premiums (IPs) for the different provinces of China. China’s EC has increased,
with an annual average growth rate of 11.56%, from 1,469.64 million tons of standard coal
equivalent (Mtce) in 2000 to 4,870 Mtce in 2019 (1). Because of fossil energy–dominated energy
structure, China consumes a lot of coal, oil, and gas, and the proportion of renewable energies
is lower than the global average level (2). The increasing EC has made China become a major
emitter of pollutants (3). In 2019, China emits 9.83 billion tons of carbon dioxide (CO2),
4.57 million tons of sulfur dioxide (SO2), 12.34 million tons of nitrogen oxide (NOx), and
10.89 million tons of particulate matter (PM). The excessive CO2, SO2, NOx, PM, and other
pollutants would destroy environment and cause extremely bad weather, such as severe haze
and fog, which directly threat residents’ health (4–6). Furthermore, the causal link between
long-term exposure to pollution and morbidity, mortality, life expectancy, and hospitalization
visits has been extensively discussed in scientific studies (7–10). For example, China’s air
pollution causes 1.6 million deaths annually, which accounts for 17% of all deaths (11).
Because the problem of healthcare costs causing widespread poverty became an important issue,
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different public HI programs are carried out. However, the
current public HI systems are insufficient to fully meet the
health demands. Therefore, residents start to be aware of the
bad influences and actively participate in commercial HI to cope
with unexpected health problems. Commercial HI is a service
that residents purchase for themselves and their relatives, which
guarantees them to be taken care of when suffering unexpected
health problems (12). In terms of statistics from China’s National
Bureau of Statistics, the IPs are only 31.6 billion RMB in 2005
and quickly increase to 706.6 billion RMB in 2019, which reaches
142% average annual growth rate. Undoubtedly, China is a
fast-growing insurance market in terms of premiums in recent
years, which has occupied more than 5% of global share and
is expected to increase in the future. Therefore, as the largest
energy consumer and a fast HI growth country, China makes us
interested to discuss the potential causal link between them.

There exists a huge heterogeneity among China’s different
provinces, which provides another motivation for our study.
China is a developing country with rapid development and
own huge development imbalance among different provinces.
Hence, the heterogeneity of EC may be significant for China’s
provinces. There is obvious disparity of EC across China’s
provinces in the last decade. For instance, InnerMongolia, Hebei,
Shaanxi, and some other northern provinces own heavy industry-
dominated industrial structure and hence have relatively higher
EC per capita. On the contrary, Guangdong, Fujian, Zhejiang,
and other southern and eastern provinces depend on trade,
service, and high-tech industries; hence, they do not need
to consume a lot of energy in economic production and
daily life. The IP per capita also demonstrates differences in
China’s provinces. Beijing, Shanghai, and Jiangsu are ranked
as top three high levels, which correspond to high economic
development level. Commonly, the Southwest provinces such
as Yunnan, Guangxi, and Guizhou have low IP per capita
when compared to other coastal and inland provinces. It is
noticed that some provinces, such as Hebei and Shanxi, have
higher IP per capita, which is inconsistent with their lower
gross domestic production (GDP) per capita. These regions are
big EC provinces and own fossil-dominated energy structure,
which consequently lead to serious environmental problems.
Bao and Zhang (13) also show that Shijiazhuang, Yuncheng,
Taiyuan, Tangshan, Urumqi, Linfen, Baotou, Xianyang, Baoding,
and Weinan are the top 10 cities with the poorest air quality
in February 2020, and all of them are located in northern
China. That means EC and related pollution may be potential
reasons for IP in certain provinces. Therefore, there may
exist obvious estimation biases if we investigate the causal
link between EC and health IPs for China as a whole and
ignore its provincial heterogeneity. With the purpose to obtain
precise and convincing empirical results, our article investigates
the causal nexus for China’s 29 provinces, individually, which
could put forward targeted policy implications for each
certain province.

In this article, we find that the asymmetric causal link from
EC to HI exists in Tianjin, Hebei, Shanxi, Inner Mongolia,
Shaanxi, Gansu, Ningxia, Qinghai, and Anhui. That means
more positive EC would stimulate residents to purchase HI to

cope with unexpected events. Most of these provinces, except
Anhui, are located in the north of China, which corresponds
to heavy pollution regions. Our results contribute to previous
studies in the following aspects. First, we examine the causal
link between EC and health IP. Previous studies mainly focuses
on the pollution and health concerns (14–17). In particular, air
pollution is the top priority of studies (18–21). However, EC
for human activities, such as manufacture, process, transport,
and construction, is the basic reason in pollutant emissions
(9, 22–25). Therefore, we utilize EC to replace pollution, and to
the best of our knowledge, this study is the first to investigate
the causal link between EC and health IPs. Second, we fully
consider the heterogeneity for China’s different provinces. The
prior studies consider EC either in whole country (1, 26–32)
or certain one province such as Beijing (3), Guangdong (33),
Zhejiang (34), and Shaanxi (35). Even though these studies
widely investigated EC, they did not look at the heterogeneous
effects. For example, Shandong province is the largest energy
consumer and consume 405.81 Mtce, which is 20 times higher
than Guanxi province. As there are significant provincial
heterogeneities in EC for China, the regional heterogeneities
are beneficial for better understanding the causal link between
EC and HI. Therefore, we employ new panel data method in
our study and further clearly show causal link for different
provinces, separately. Third, prior studies commonly examine
causal link for whole panel data and assume symmetry in
the results (36–38). However, the influences from positive and
negative shocks may be different, even though the size of
both shocks is exactly the same in absolute terms. As we
assumed, the rising EC may increase health IPs; on the contrary,
the decreasing EC may not reduce the premiums. To deal
with the problem, we apply the panel asymmetric causality
test proposed by Hatemi (39) to our study. The method can
test the hypothesis that health IPs would produce different
reaction to a positive shock than a negative shock from EC
for China’s different provinces. Therefore, we construct a panel
system of China’s 29 provinces to discuss the asymmetric causal
link. Besides, the approach can deal with potential instabilities
in causal link between EC and HI due to structural breaks.
Finally, being different from prior studies (17, 40, 41), some
important policy implications are more focused on HIHI
market. We advise that the government can strengthen the
propaganda of insurance consciousness to the public and offer
necessary knowledge for residents to understand the insurance
products. Domestic insurance companies should standardize
their business, improve insurance products, and increase quality
of after-sales service. Because of the low percentage of national
share, foreign insurance can incorporate with local insurance
and expand brand promotion, and attract customers with world-
class service.

The rest of the article is constructed as follows: Transmission
Mechanism presents the transmission mechanism between
EC and health IPs. Symmetric Panel Causality Test shows
the asymmetric panel causality test. Data and Empirical
Results demonstrates the empirical results and discussion.
Conclusion and Policy Implications provides the conclusion and
policy implications.
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TRANSMISSION MECHANISM

Under rapid urbanization and industrialization, China’s EC
is expected to keep upward trend. Figure 1 shows that the
wide utilization has resulted in serious water, air, and soil
pollutions, which further damage human health (10). The
first long-term exposure to air pollution is easy to influence
functioning of pulmonary and cardiovascular and may further
cause asthma attack, heart attack, and other diseases (42). Second,
there is a bidirectional relationship between EC and water
resources utilization (43). For instance, water is utilized in fossil
fuel–based energy production process such as coal washing,
which undoubtedly results in water pollution. Conversely, the
polluted water is required to be purified and discharge clean
water into environment, which needs energies such as oil and
coal to provide power. Third, mining activities and industrial
production, relying on a large amount of EC, are regarded as
main reasons for soil pollution (44). The negative impacts of air,
water, and soil pollutions are not limited in natural environment,
but also damage human health through food, breath, skin, and
other channels. The clear evidence also proves that exposure
to pollution could increase emergency department visits and
hospital admission (45–47). When confronting health problems
and paying for medical care, people would pursue help for
HI. In China, the HI system is classified into social HI and
commercial HI. The social HI is run by government to secure
basic healthcare need, which has covered 95% of the population.
However, the insurance faces a tight deficit that is estimated
to reach 735.3 billion RMB by 2024 (48). Therefore, China
starts to encourage the development of commercial HI, which is
regarded as an important supplement to construct multilevel HI
system. Besides, with the development of insurance companies
and the richness of insurance products, the population gradually
recognizes the importance of insurance and begins to purchase
insurance products. To summarize, EC is basis for all kinds of
economic activities that would bring a series of environmental
pollutions and finally influence people behaviors for purchasing
HI products.

ASYMMETRIC PANEL CAUSALITY TEST

The method is provided by Hatemi (39) and Hatemi et al. (49)
that allows for asymmetric causal effect within the panel system.
Thus, the positive or negative shocks may have different causal
impacts in terms of this method. Presume that the focus is on
testing the causal link between EC andHI in a panel model. These
two variables are integrated of the first degree and can be shown
as follows:

ECi,t = ECi,t−1 + eECi,t = ECi,0 +

t
∑

j=1

eECi,j (1)

HIi,t = HIi,t−1 + eHIi,t = HIi,0 +

t
∑

j=1

eHIi,j (2)

FIGURE 1 | The influencing mechanism between EC and HI.

For i = 1, 2, . . . ,N, where N shows the cross-sectional
dimension. In our study, N is 29, which corresponds to China’s
29 provinces. The positive shocks are shown as e+ECi,t

=

max
(

eECi,t , 0
)

and e+HIi,t
= max

(

eHIi,t , 0
)

. The negative shocks are

presented as e−ECi,t
= min

(

eECi,t , 0
)

and e−HIi,t
= min

(

eHIi,t , 0
)

.

These values are utilized to obtain the cumulative sums of the
positive and negative shocks as:

EC+
i,t = EC+

i,0 + e+ECi,t
= ECi,0 +

t
∑

j=1

e+ECi,j
(3)

HI+i,t = HI+i,0 + e+HIi,t
= HIi,0 +

t
∑

j=1

e+HIi,j
(4)

EC−
i,t = EC−

i,0 + e−ECi,t
= ECi,0 +

t
∑

j=1

e−ECi,j
(5)

HI−i,t = HI−i,0 + e−HIi,t
= HIi,0 +

t
∑

j=1

e−HIi,j
(6)

We next depend on vector autoregressive (VAR) model to
examine the null hypothesis of no asymmetric causality within
the panel system. The VAR model is effective because it takes
potential dependency of the error terms across the cross-sectional
units into consideration. Therefore, the asymmetric causal link
between cumulative positive shocks of EC and HI are conducted
in VAR model, which is shown as follow:

[

EC+
i,t

HI+i,t

]

=

[

αi0
βi0

]

+











p
∑

r=1
αECi,r

p
∑

r=1
αHIi,r

p
∑

r=1
βECi,r

p
∑

r=1
βHIi,r











×

[

EC+
i,t−r

HI+i,t−r

]

+

[

ε+ECi
ε+HIi

]

(7)
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where ε+ECi
and ε+HIi

are the residuals. The null hypothesis of EC+
i,t

does not cause HI+i,t , shown as:

H0 :βECi,r = 0, ∀r

where r = 1, 2, . . . , p and p is the optimal lag determined by using
Hatemi-J criterion. Similarly, the negative shocks between EC−

i,t

and HI−i,t also can be tested in the same way.
The asymmetric panel causality test can recognize positive and

negative shocks, respectively, and fully consider asymmetry in the
results. Besides, it also allows us to take possible instabilities into
the causal link, which may arise out of structural breaks. The
mentioned advantages make the method widely used in many
fields, including innovation expenditure (49), economic growth
(50), stock market (51), and exchange rate (52). The extensive
utilization proves the reliability of the method, and it can be
employed in our study.

DATA AND EMPIRICAL RESULTS

Because of the missing and unavailable data in EC and/or health
IP, Hong Kong, Taiwan, Macau, Xingjiang, and Tibet are not
considered in our study. The sample period ranges from 1990
to 2019 for China’s 29 provinces. In 1990, China’s EC exceeds
1,000 Mtce for the first time and maintains fast growth rate
since then. Besides, the starting point is consistent with the
available time of HI statistics. According to Hao and Peng (53)
and Bozoklu et al. (54), per capita EC is employed to measure

EC for different provinces. Following Trinh et al. (55), per capita
health IP is regarded as the main proxy for HI behaviors. This
variable can better reflect the level of residents’ expenditure for
HI products. The data come from the China Statistical Yearbook,
the China Energy Statistical Yearbook, the China Insurance
Statistical Yearbook, and the provincial statistical yearbooks.
Table 1 shows the descriptive statistics of EC and HI for China’s
different provinces. In terms of mean and median values, the
EC and HI are consistent for some provinces such as Inner
Mongolia, Hebei, Shanxi, Qinghai, Ningxia, and Tianjin. These
provinces own heavy industry–dominated industrial structure,
which emits large amount of pollution and may subsequently
influence residents’ HI behaviors. However, some provinces
present obvious deviation for EC and HI in Guangxi, Hainan,
Yunnan, and other provinces. These provinces are characterized
by beautiful scenery, and tourism industry is their pillar industry,
which produces little pollution and may be irrelevant to local
residents’ HI behaviors. Beijing, Tianjin, Shanghai, and Ningxia
own positively skewed distribution, demonstrating that the tail of
the right side of the distribution is fatter than the tail on the left
side, and other provinces follow negatively skewed distribution.
For the kurtosis, the value in EC for Shanghai is >3, indicating
that its tail is fatter and obeys leptokurtic distribution. The EC
and HI for other provinces submit to platykurtic distribution,
demonstrating that the tails are thinner than those of a normal
distribution. The unit root tests of augmented Dickey–Fuller
[hereafter ADF, (56)] and Phillips–Perron [hereafter PP, (57)]

are employed to examine stationarity of EC and HI for different
provinces. Table 2 indicates that all variables follow unit root
process at levels, but become stationary in their first difference.

The test for cross-sectional dependency and province-specific
heterogeneity stationarity is first carried out in this study. The
null hypotheses of no cross-sectional dependence and slope
homogeneity are investigated by LM test [LMadj, (58)] and

1̃adj test (59), respectively. Table 3 shows that both hypotheses
are rejected at the 1% significance level. The results give the
following two findings. First, the shocks occur in one province
would spread to the remaining 28 China’s provinces. Second,
we may obtain inaccurate panel causality conclusions when
ignoring heterogeneity among provinces. In order tomore clearly
present differences among regions, seven regions are classified in
our article, including North China, Northeast China, Northwest
China, East China, South China, Middle China, and Southwest
China. The empirical results of asymmetric causality test are
demonstrated in Table 4. The symmetric Granger causality test

showed that the null hypothesis that EC does not cause HI

can be rejected in Gansu and Anhui at the 1% and 10%
significance levels, respectively. Hence, based on the analysis for
the shortcoming in symmetric Granger causality test, we further

employ the asymmetric causality test to distinguish positive
and negative causal links from EC to HI, respectively. Table 4
shows that the null hypothesis that positive EC does not cause
positive HI can be rejected in Tianjin, Hebei, Shanxi, Inner
Mongolia, Shaanxi, Gansu, Qinghai, Ningxia, Shandong, Henan,
and Anhui. Meanwhile, the null hypothesis that negative EC
does not cause negative HI can be rejected in none of China’s
29 provinces.

North China includes Beijing, Tianjin, Hebei, Shanxi, and
Inner Mongolia, and most provinces own the asymmetric
causality from EC to HI. This region depends on coal, oil,
and other fossil energies and is characterized as heavy-pollution
areas. In 2018, the EC reaches 72.7, 79.73, 321.85, 201.99,
and 230.68 Mtce for different provinces, which account for
1.54, 1.69, 6.82, 4.28, and 4.89% of the national total EC,
respectively. At the same time, their GDP proportions are 3.6,
1.45, 3.53, 1.74, and 1.76%, respectively. We find that EC’s
proportions are higher than their GDP proportions in Tianjin,
Hebei, Shanxi, and Inner Mongolia. These regions are also the
provinces that own the asymmetric causal relationship from
EC to HI. It is noticed that Hebei’s EC is nearly two times
its GDP proportion, which means it has low energy efficiency
and produces environmental pollution. This province owns
heavy air pollution and occupies 5 of the top 10 cities with
the poorest air quality in 2018 (60). The serious pollution
and bad environment would endanger people’s health, impede
economic growth, weaken authority credibility, and decrease
cities’ attractiveness (61). That health concerns are reflected on
increasing health IPs, which reaches 222.97 billion RMB in 2019
with an annual growth rate of 165% since 2006. Northwest
China, including Shanxi, Gansu, Qinghai, andNingxia, is another
region that has asymmetric causality from EC to HI. These
provinces are rich in coal resources and have coal-dominated
EC structure. In 2018, the proportions of coal consumption in
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total consumption are 72.7, 64.3, 74.1, and 85.5%, respectively.
However, the national average level is 59% in the same year.
That demonstrates that these provinces’ coal proportions are
far higher than the national level, which indicates they depend
more on coal to satisfy the needs of industrial production and
daily life. However, coal is a heavy pollution energy source,
and its large-scale utilization is regarded as a major reason for
serious air pollution in China. According to Xie et al. (62), more
than 70% of PM, 85% of SO2, 67% of NO, and 80% of CO2

emissions come from coal consumption. The severe pollution
has made residents to join HI for coping with unexpected
diseases. The percentage of regional health IPs in total IPs
has increased from 3.07 to 4.29% during the period of 2006–
2018.

The distribution of above provinces is concentrated in certain
regions, and some other provinces also have the asymmetric
causality such as Shandong, Henan, and Anhui. Shandong and
Henan have similar reasons for explaining the asymmetric
causalities. First, both provinces have more than 100 million
residents and ranks top three among all China’s provinces,

which produce huge demand for energies. In particularly,
Shandong is the largest energy consumer and reaches 386.84
Mtce in 2018, which undoubtedly produce negative influence
on environment. Second, both provinces own heavy industry–
dominated industrial structure, which needs a large number
of energies and discharge a lot of pollutants. For example,
the wastewater discharge in Shandong reaches 828.58 million
tons, but Jiangsu, the second largest economic province, is only
53.55 million tons. Third, both provinces are bounded by North
China and Northwest China, which makes Shandong and Henan
influenced by pollutants outside the provinces. Especially in
winter, under the influence of the northeast monsoon, dust and
haze would rapidly go south and affect the two provinces. Because
of the protentional reasons, residents change their insurance
behaviors and purchase HI products. In 2019, health IPs are
431.87 and 338.49 billion RMB for Shandong and Henan, which
increase 135 and 275%, respectively. Apart from Shandong
and Henan, Anhui is the other province that has asymmetric
causal relationship. Anhui’s annual average economic growth
rate reaches 10.83% between the years 2000 and 2014, which is

TABLE 1 | Summary statistics of EC and HI.

Mean Median Skewness Kurtosis

Province EC HI EC HI EC HI EC HI

Beijing 3.462 8.008 3.467 7.908 0.134 0.415 1.481 2.414

Tianjin 5.093 7.022 5.264 6.941 0.511 0.739 2.177 2.616

Hebei 3.809 6.461 3.965 6.469 −0.849 −0.385 2.377 2.936

Shanxi 4.995 6.519 5.183 6.486 −0.477 −0.199 1.775 2.686

Inner Mongolia 6.825 6.151 7.194 6.078 −0.789 0.146 2.344 2.321

Liaoning 4.651 6.425 4.869 6.312 −0.831 0.162 2.558 2.343

Jilin 2.906 6.379 2.953 6.273 −0.631 0.224 2.765 2.394

Heilongjiang 2.953 6.476 3.105 6.396 −0.722 0.145 2.146 2.484

Shanghai 4.863 7.732 4.821 7.671 1.225 0.489 3.775 2.407

Jiangsu 3.856 6.902 3.568 6.889 −0.554 0.331 1.879 2.791

Zhejiang 3.232 6.597 3.282 6.589 −0.184 0.094 1.955 2.654

Anhui 1.715 6.072 1.834 6.087 −0.476 −0.221 1.698 2.976

Fujian 2.756 6.386 2.914 6.361 −0.536 −0.292 1.909 2.296

Jiangxi 1.541 5.939 1.575 5.893 −0.154 −0.024 1.667 2.289

Shandong 3.594 6.333 3.681 6.368 −0.782 0.173 2.415 2.742

Henan 2.251 6.396 2.364 6.482 −0.868 −0.584 2.402 2.789

Hubei 2.615 6.352 2.756 6.435 −0.697 −0.586 2.186 2.819

Hunan 2.184 6.047 2.269 6.075 −0.739 −0.549 2.531 3.165

Guangdong 2.615 6.656 2.693 6.607 −0.721 −0.161 2.525 2.758

Guangxi 1.743 5.515 1.889 5.558 −0.561 −0.145 1.776 2.293

Hainan 1.744 5.817 1.864 5.819 −0.263 −0.093 1.683 2.138

Chongqing 2.693 6.487 2.798 6.563 −0.678 −0.873 2.133 3.226

Sichuan 2.219 6.337 2.397 6.449 −0.771 −0.486 2.063 2.822

Guizhou 2.442 5.202 2.635 5.272 −0.589 −0.293 1.781 2.381

Yunnan 1.979 5.519 2.105 5.534 −0.518 −0.296 1.711 2.516

Shaanxi 2.561 6.378 2.714 6.405 −0.344 −0.262 1.732 2.681

Gansu 2.485 5.861 2.626 5.892 −0.409 −0.271 1.555 2.617

Qinghai 5.522 5.368 5.881 5.462 −0.228 −0.258 1.372 2.203

Ningxia 6.722 6.119 6.899 6.125 0.261 0.009 2.029 2.411
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TABLE 2 | The results of ADF and PP tests.

EC HI

ADF PP ADF PP

Province Level First difference Level First difference Level First difference Level First difference

Beijing −0.953 −3.651** −1.668 −3.807* −1.649 −3.615** −1.553 −3.484**

Tianjin −1.909 −2.116** −0.691 −2.931* −1.859 −3.771** −1.596 −3.809**

Hebei −1.494 −2.992* −1.582 −3.971* −1.177 −4.678*** −1.425 −3.589**

Shanxi −2.722 −2.916* −1.853 −4.314** −1.109 −2.521* −1.136 −2.667**

Inner Mongolia −1.624 −4.447** −1.615 −5.661*** −1.277 −2.663* −1.352 −2.107*

Liaoning −1.189 −3.787*** −1.141 −1.818** −1.699 −4.583*** −1.771 −3.155**

Jilin −2.203 −3.812** −2.493 −4.008** −1.367 −3.727** −1.474 −2.865*

Heilongjiang −1.405 −1.925* −2.711 −3.697** −1.126 −3.821** −1.131 −3.833**

Shanghai −2.039 −4.012** −2.049 −4.586*** −1.147 −4.355*** −1.187 −3.096*

Jiangsu −2.726 −3.701*** −1.435 −3.329** −1.696 −2.725* −1.452 −2.799*

Zhejiang −3.043 −4.335*** −2.398 −9.873*** −2.212 −3.621** −1.059 −4.686***

Anhui −1.734 −10.425*** −2.229 −3.297** −1.863 −2.955* −1.017 −2.754*

Fujian −2.477 −2.766* −1.171 −6.851*** −1.451 −2.815* −1.474 −3.815**

Jiangxi −2.608 −3.309* −1.878 −3.332** −1.601 −3.223** −1.551 −5.483***

Shandong −2.387 −2.749* −2.727 −5.027*** −1.986 −3.924** −1.716 −4.019**

Henan −2.382 −3.554** −1.752 −5.471*** −1.553 −3.625** −1.576 −3.597**

Hubei −1.437 −3.467* −2.489 −2.769* −1.492 −3.651** −1.456 −3.378**

Hunan −1.115 −3.111* −1.776 −3.339** −1.674 −2.811* −1.579 −2.981*

Guangdong −1.559 −3.473** −2.711 −4.558*** −1.078 −3.363** −1.112 −3.249**

Guangxi −1.989 −4.063*** −1.925 −3.175** −1.776 −3.275** −1.782 −3.278**

Hainan −1.283 −2.887* −1.421 −2.816* −1.726 −4.324*** −1.571 −4.277***

Chongqing −1.918 −2.792* −1.718 −3.242** −2.131 −2.932* −2.071 −3.855**

Sichuan −2.303 −3.333** −2.312 −3.297** −1.741 −3.377** −1.685 −3.326**

Guizhou −1.764 −3.729** −2.036 −3.629** −1.897 −3.107** −1.903 −3.111**

Yunnan −1.609 −2.776* −1.643 −3.297** −1.534 −2.904* −1.755 −4.257***

Shaanxi −1.958 −3.326** −2.464 −4.326*** −1.016 −3.095* −1.008 −3.022*

Gansu −1.493 −4.263** −1.744 −3.311** −1.098 −3.451** −1.097 −3.416**

Qinghai −1.187 −5.753*** −1.187 −7.745*** −1.898 −2.821* −1.899 −2.827*

Ningxia −0.977 −2.905* −1.333 −4.572*** −1.466 −2.861* −1.511 −3.261**

***, **, and * denote significance at 1%, 5%, and 10% levels, respectively.

TABLE 3 | Cross-sectional dependence and homogeneity tests.

Test Statistics p-value

LMadj 11.221*** 0.002

△̃adj 12.333*** 0.001

*** denotes significance at 1% level.

higher than other provinces and makes its EC range from 70.69
to 130.52 Mtce. The increasing EC results in ecosystem disorders
and environmental pollution (63). Even though Anhui is located
in South of China, it often suffers from sandstorm, acid rain,
and other disastrous weather. Those negative influences from
environmental pollution make residents start to pay attention to
their own health. The health IP reaches 152.33 billion RMB in
2019, which increases 208% compared with that in 2007.

Other provinces do not have the symmetric and asymmetric
causality between EC and health IPs, which may be shaded
by some potential reasons. Northeast China, including
Heilongjiang, Jilin, and Liaoning, used to be one of the
four major economic regions, once plays a key role in the
industrialization process. However, the region suffers from
persistent negative impacts of past planned economy system

and is far behind the eastern coastal provinces (64). We
find that the GDP growth rates for these provinces in 2019

are 5.5, 4.2, and 3%, respectively, which rank at the bottom
of all provinces in China. Accompanied by low economic
development, their ECs also present an inverted U shape and
are in the downward trend. The percentage of regional health
IPs in all provinces is 7.45% 2019, which is almost the same
as it is a decade ago. That means the weak economy is the
potential reason for explaining the non-causality between EC
and HI for this region. For East China, except for Shandong,
other provinces containing Shanghai, Jiangsu, Zhejiang, and
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Fujian do not have asymmetric causality. This region is one
of the regions with most vitality, and their GDPs per capita
far exceed the national level. We find that health IPs per
capita in Shanghai, Jiangsu, and Zhejiang are 3,459.88 RMB,
2,748.42 RMB, 2,000.52 RMB, which ranks second, third, and
fourth places among all provinces. The high level of economic
development makes residents have insurance consciousness
early and less influenced by environmental pollution. On the
contrary, their ECs per capita are 4.904, 3.914, 3.718, and
3.296, respectively, and lower than Tianjin, Inner Mongolia,
and other provinces. That means these provinces have more
efficient energy utilization, which emits less pollutants and

reduces negative impacts on environment (1, 34). For South
China and South East China, these regions are characterized
by their high-quality environment (65–67). Hainan, Sichuan,
Yunnan, Guizhou, Guangxi, Chongqing, and Guangdong have
subtropical monsoon climate, which could bring abundant
rainfall and increased environmental quality. More importantly,
being different from the thermal power in North China,
these provinces depend more on hydropower and nuclear
power, which produce almost no pollutants (68–72). The
finite climate and clean energy structure produce little impacts
on local environment, and hence residents’ health IPs are
less influenced.

TABLE 4 | The asymmetric panel causality test.

EC;HI EC+
;HI+ EC−

;HI−

Wald statistics p-value Wald statistics p-value Wald statistics p-value

North China

Beijing 1.056 0.415 0.031 0.978 1.143 0.564

Tianjin 0.609 0.579 10.169** 0.043 6.319 0.253

Hebei 0.881 0.471 26.019*** 0.008 7.437 0.119

Shanxi 0.661 0.557 17.333** 0.022 6.092 0.349

Inner Mongolia 0.097 0.909 44.651*** 0.000 8.767 0.131

Northeast China

Heilongjiang 2.289 0.197 1.144 0.562 0.476 0.788

Liaoning 2.816 0.152 0.993 0.609 0.572 0.751

Jilin 2.638 0.165 0.993 0.609 0.656 0.834

Northwest China

Shaanxi 0.892 0.466 18.616** 0.037 3.384 0.771

Gansu 16.167*** 0.007 11.779** 0.037 6.117 0.552

Qinghai 3.212 0.127 43.921*** 0.003 2.368 0.871

Ningxia 1.991 0.231 9.175* 0.010 1.996 0.932

East China

Shanghai 0.073 0.931 2.321 0.313 3.743 0.154

Jiangsu 0.875 0.479 0.751 0.687 2.374 0.305

Zhejiang 0.485 0.642 1.841 0.375 1.361 0.547

Shandong 0.343 0.725 13.262** 0.038 5.884 0.211

Fujian 1.656 0.281 1.774 0.183 0.152 0.697

Middle China

Henan 1.065 0.412 37.908*** 0.004 2.295 0.129

Hubei 0.881 0.471 3.144 0.132 1.335 0.248

Hunan 0.995 0.433 0.008 0.928 1.937 0.163

Anhui 3.953* 0.093 11.124** 0.045 1.349 0.509

Jiangxi 1.361 0.337 0.946 0.623 0.421 0.811

Southwest China

Sichuan 0.846 0.483 0.933 0.427 4.099 0.128

Chongqing 0.032 0.969 0.945 0.623 0.421 0.817

Guizhou 0.075 0.929 0.823 0.364 0.545 0.466

Yunnan 0.636 0.568 0.097 0.755 0.039 0.843

South China

Guangdong 0.466 0.652 0.822 0.364 0.185 0.677

Guangxi 0.222 0.808 0.161 0.913 1.664 0.197

Hainan 0.209 0.818 0.962 0.327 2.032 0.154

***, ** and * denote significance at 1%, 5%, and 10% levels, respectively.
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In summary, we find that the causal link between positive EC
and positive HI exists in some northern provinces except Anhui.
That can be attributed to coal-dominated energy structure,
heavy industry–dominated industrial structure, and dry climate
conditions. On the contrary, southern provinces own superior
conditions in the above aspects, which makes their insurance
behaviors less influenced by EC. Meanwhile, no causal relation
is found for negative EC and negative HI. That indicates that
once people get into the insurance habit, EC or environmental
pollution cannot easily change their behaviors.

CONCLUSION AND POLICY
IMPLICATIONS

This article employs the asymmetric panel causality test to
investigate the causal link between EC and health IPs for China’s
different provinces. Being different from traditional symmetrical
Granger causality, our method could distinguish positive and
negative shocks from EC and run Granger causality test with
health IPs, respectively. The empirical conclusions show that
the positive shocks in EC would result in health IP increase
in Tianjin, Hebei, Shanxi, Inner Mongolia, Shaanxi, Gansu,
Qinghai, Ningxia, Shandong, Henan, and Anhui. Meanwhile,
Beijing, Shanghai, and other provinces do not have the causal
link, which can be attributed to the political status, high energy
efficiency, high GDP per capita, good insurance consciousness,
and better climate conditions. China is now the largest energy
consumer in the world and is expected to still maintain stable
growth. That means the emission of pollutants will also increase
and produce more pressure on environment, which would
damage residents’ health.

Hence, we provide policy implications in the following
aspects. First, the authorities ought to strengthen environmental
supervision and firmly enforce the law. For instance,
environmental laws need to be improved to deal with new
problems that appear in current pollution prevention and
control. The government can utilize commercial ways, include
trade carbon emissions rights, levy pollution taxes, and increase
the pollution penalty to reduce pollution behaviors. Meanwhile,
fiscal subsidies can also be provided to help enterprises update
equipment and adopt advanced production technologies. Second,
we need to persist in optimizing EC structure and increase the

proportion of renewable energies. The wide utilization of coal,
oil, and gas will lead to heavy environmental pollution. Hence,
combining comprehensively utilized orientation and market
regulation mechanisms is an effective way to transfer current
EC structure and promote low-carbon industrial process.
Besides, the social capital is encouraged to enter energy sector,
especially clean energy, which is beneficial for increasing market
vitality. Third, the HI system, including public and commercial
insurance, should be improved. The government can take health
compensation for provinces with bad environmental quality into
consideration, which can meet residents’ basic medical needs.
More importantly, commercial insurance should play a more
important role in the health system. Insurance companies can
design insurance products for certain regions. For example,

Hebei is seriously influenced by air pollution, and the insurance
companies can design air pollution–related products, which
may attract more residents to insure. That not only can provide
more choices for people, but also increase IP income. Last, we
need to introduce a competing mechanism. China has passed
the Foreign Insurance Company Regulatory Law in 2002 and
allowed joint ventures of up to 50% foreign ownership. However,
their share of private HI market is still very limited. Therefore,
we can further relax the restrictions and foster competitive
environment between foreign insurance companies and
local ones.
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A growing body of research has documented the determinants of healthcare expenditure,

but no known empirical research has focused on investigating the spatial effects between

economic policy uncertainty (EPU) and healthcare expenditure. This study aims to explore

the spatial effects of EPU on healthcare expenditure using the panel data of 29 regions in

China from 2007 to 2017. Our findings show that healthcare expenditure in China has the

characteristics of spatial clustering and spatial spillover effects. Our study also shows that

EPU has positive spatial spillover effects on healthcare expenditure in China; that is, EPU

affects not only local healthcare expenditure but also that in other geographically close

or economically connected regions. Our study further indicates that the spatial spillover

effects of EPU on healthcare expenditure only exist in the eastern area. The findings of

this research provide some key implications for policymakers in emerging markets.

Keywords: economic policy uncertainty, healthcare expenditures, spatial spillover effects, spatial Durbin model,

regional heterogeneity

INTRODUCTION

Healthcare expenditure has increased rapidly with the development of China’s economy in the
past few decades. According to the National Bureau of Statistics of China, the ratio of total health
expenditures to gross domestic product (GDP) increases from 4.57% in 2008 to 6.67% in 20191.
As shown in Figure 1, the per capita expenditures on health rose from 393.80 RMB in 2001 to
4,702.79 RMB in 2019, suggesting that the Chinese government increased funding to construct a
more sustainable system that covers the health needs of most or all citizens. However, the growth
rate of per capita expenditure on health fluctuates from 8.82% in 2000 to 10.99% in 2019, and
it reaches a peak of 24.94% during the global financial crisis in 2008. These results indicate that
health expenditure changes with economic growth and policies (1, 2).

In recent years, a large and growing body of literature has investigated the determinants
of healthcare expenditure, such as business cycles (2), economic overheating (3), economic
activity (4), economic crisis (1, 5), and other factors (6–10). The most studied determinant
is economic growth, which is an important demand-side driver of healthcare expenditure
(2, 11, 12). Some studies show that healthcare expenditure is significantly positive with GDP
because the demand for healthcare services will rise with the increase of income (4, 11, 13).

1Data source: https://data.stats.gov.cn.
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FIGURE 1 | The trend of per capita expenditure on health in China (2000–2019). Data source: National Bureau of Statistics of China (https://data.stats.gov.cn).

Furthermore, some studies find that other macroeconomic
factors can also affect healthcare expenditure. For example,
You and Okunade (14) state that technological changes and
income are the major determinants of healthcare expenditure.
Hyun et al. (15) find that population aging has a significant
impact on healthcare expenditure but the conclusions
are mixed.

In addition to the factors above, government policies
have a key role in determining healthcare expenditure (11).
Some studies show that governments can influence healthcare
expenditure by formulating health policies to meet their
objectives (16–18). For example, Cheng and Witvorapong
(11) find that health policy uncertainty exerts a negative
impact on health expenditures. Potrafke (19) investigates the
impact of electoral motives on public healthcare expenditure
using the data of 18 OECD countries and shows that the
public healthcare expenditure increase significantly before
election year for political opportunism of the incumbent
government. These studies suggest that governments’ health
policies can affect healthcare expenditure, but the policies are
uncertain and may be unpredictable at all. Economic policy
uncertainty (henceforth EPU) represents the uncertainty of
macroeconomic policies (20). The rise or fall of EPU has
an impact on the economy and may prompt demanders and
suppliers in the healthcare services market to respond in ways
that policymakers cannot foresee (11, 21–23). Up to now,
however, far too little attention has been paid to investigate
the impact of EPU on healthcare expenditure in emerging
market countries.

This study, therefore, set out to assess the spatial spillover
effects of EPU on healthcare expenditure in China. The main

contributions of this study are presented in two aspects. First,
this study sheds new light on the impact of EPU on healthcare
expenditure in China. To the best of our knowledge, only
Cheng and Witvorapong (11) examine the link between health
economic policy uncertainty and healthcare expenditure in the
United States. However, unlike developed economies in Europe
and the United States, China’s health system is dominated by
the government, which has great power to allocate resources
directly (23–25). Hence, this study makes a major contribution to
research on health economics by demonstrating the relationship
between EPU and healthcare expenditure in emerging markets.
Second, the importance and originality of this study are that
it explores the spatial spillover effects of EPU on healthcare
expenditure and their regional heterogeneity. To date, previous
studies have failed to examine the spatial spillover effects
between them. However, different regions are not independent
of each other, and various economic activities in one region
may affect economic activities in other regions (26, 27). If we
ignore the spatial effects when analyzing the link between EPU
and healthcare expenditure, the conclusion may be inaccurate.
Therefore, we offer new empirical evidence on whether EPU
has spatial spillover effects on healthcare expenditure in China.
Our findings have some key implications for policymakers in
emerging markets.

The remaining part of this study proceeds as follows:
Section Data, variables and methods develops our research
design, including data, variables, and methods. Section
Spatial autocorrelation analysis presents the results of spatial
autocorrelation analysis. Section Empirical analysis and
discussion gives our empirical analysis and discussions. The final
section concludes our research results.
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FIGURE 2 | Distribution of the provincial EPU index in China (2007 and 2017).

DATA, VARIABLES, AND METHODS

Data
This study selects a sample of 29 regions in China from
2007 to 2017 to examine the spatial effects of EPU on
healthcare expenditure. The samples include Beijing,
Tianjin, Hebei, Shanxi, Inner Mongolia, Liaoning, Jilin,
Heilongjiang, Shanghai, Jiangsu, Zhejiang, Anhui, Fujian,
Jiangxi, Shandong, Henan, Hubei, Hunan, Guangdong,
Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi,
Gansu, Qinghai, Ningxia, and Xinjiang. The data of EPU are
selected from the EPU index proposed by Yu et al. (28). The
data of inpatient expenditure and outpatient expenditure are
collected from the China Health Statistics Yearbook 2008–
2018. The other data are collected from the Chinese Statistics
Yearbook 2008–2018.

Variables
Dependent Variable: Healthcare Expenditure
Healthcare expenditure is one of the important indicators
of residents’ health status. Healthcare expenditure is used
to measure the final consumption of healthcare goods and
services, including personal healthcare (i.e., therapeutic
care, rehabilitation care, long-term care, ancillary services,
and medical goods) and collective services (i.e., prevention
and public health services). In this study, following the
studies of Pu et al. (2) and Zeng et al. (27), we use the
inpatient expenditure (in_exp) as the proxy variable of
healthcare expenditure, which refers to the logarithm of
the per capita expenditure in hospitalization. Also, we
use outpatient expenditure (out_exp) for the robustness
test, which is expressed as the logarithm of the per capita
expenditure in outpatient (27).

Independent Variable: EPU
The prior studies mainly use many proxy variables to measure
EPU. For example, the single economic policy variables (29–
32), the non-economic dummy variables (i.e., terrorist attacks
and political events) (33–35), the EPU index proposed by Baker
et al. (20) (BBI index) (23, 36–38). Since the measures above
on EPU are mainly at the national level, the EPU of different
regions in China may be different. Hence, we measure the
provincial EPU (EPU1) using the EPU index proposed by
Yu et al. (28). Besides, we use the standardization of China’s
provincial EPU index (EPU2) to conduct a robustness test.
Figure 2 gives the distribution of China’s provincial EPU index
in 2007 and 2017. They show that the EPU index of different
regions in China has obvious dynamic change characteristics and
significant differences. For example, in 2007, the EPU index of
Liaoning province is the highest, and that of Jiangsu province
is the lowest. However, in 2017, the region with the highest
EPU index is Shanxi province, and that with the lowest is
Heilongjiang province.

Control Variables
According to the determinants published by the World Health
Organization (WHO), many factors would affect healthcare
expenditure. Following the study of Zeng et al. (27), we control
the following variables: economic development (GDP), aging
rate (Aging_rate), urbanization level (Urban_rate), industrial
structure (Indu_rate), the mortality rate (Mor_rate), the number
of medical institutions (Hos_num), fiscal revenue (Fiscal_rev),
and the number of per capita beds in medical institutions
(Bed_num). The economic development is measured by the
logarithm of gross domestic product (GDP). The aging rate is
measured by the ratio of people over 65 to the total population.
The urbanization level is measured by the ratio of the urban
population to the total population. The industrial structure
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TABLE 1 | Description of the variables.

Types Variables Symbols Definitions

Dependent

variables

Inpatient

expenditure

In_exp The logarithm of the per capita

expenditure in hospitalization

Outpatient

expenditure

Out_exp The logarithm of the per capita

expenditure in outpatient

Independent

variables

EPU EPU1 China’s provincial EPU index was

proposed by Yu et al. (28)

EPU2 The standardization of China’s

provincial EPU index was

proposed by Yu et al. (28)

Control

variables

GDP GDP The logarithm of GDP

Aging rate Aging_rate The ratio of people over 65 to

the total population

Urbanization

level

Urban_rate The ratio of the urban population

to the total population

Industrial

structure

Indu_rate The proportion of the third

industry in the economic

structure

Mortality rate Mor_rate The ratio of the deaths to the

total population

Number of

medical

institutions

Hos_num The logarithm of the total

number of medical institutions

Fiscal revenue Fiscal_rev The logarithm of the total number

of government fiscal revenue

Number of

beds in medical

institutions

Bed_num The logarithm of the total

number of beds in medical

institutions per 10,000 people

is measured by the proportion of the third industry in the
economic structure. The mortality rate is measured by the ratio
of the deaths to the total population. The number of medical
institutions is measured by the logarithm of the total number
of medical institutions. The fiscal revenue is measured by the
logarithm of the total number of government fiscal revenue.
The number of beds in medical institutions is measured by the
logarithm of the total number of beds in medical institutions per
10,000 people.

All variables and their definitions are given in Table 1, and
their descriptive statistics are presented in Table 2.

Methods
Spatial Autocorrelation Test
Exploratory spatial data analysis (ESDA) is usually used to carry
out the spatial autocorrelation test (39). Hence, we adopt the
global and the local Moran index in ESDA to test the spatial
correlation. The calculation formulas are as follows:

Iglobal =

n
∑

i=1

n
∑

j=1
wij(xi − x)(xj − x)

S2
n
∑

i=1

n
∑

j=1
wij

(1)

Ilocal =
(xi − x)

S2

n
∑

j=1

wij(xj − x) (2)

TABLE 2 | Descriptive statistics of all variables.

Variables Obs Mean S.D. Min Max

In_exp 319 72.750 31.410 29.290 217.400

Out_exp 319 1.676 0.745 0.010 4.602

EPU1 319 4.444 0.478 1.411 6.051

EPU2 319 21.220 14.760 1.010 86.250

GDP 319 9.537 0.876 6.681 11.400

Aging_rate 319 9.688 1.905 5.473 14.410

Urban_rate 319 54.190 13.670 28.240 89.600

Indu_rate 319 42.970 9.279 28.300 80.560

Mor_rate 319 5.737 1.103 2.280 7.400

Hos_num 319 2.759 0.720 0.470 4.069

Fiscal_rev 319 6.935 0.966 3.768 9.091

Bed_num 319 9.932 0.896 7.333 11.310

where, x = 1
n

n
∑

i=1
xi, S

2 = 1
n

n
∑

i=1
(xi − x)2; Iglobal and Ilocal represent

the global Moran index and local Moran index, respectively;
xi and xj are the observed variables of region i and region j,
respectively; x̄ is the mean value of the related variable; S2 is the
variance of the related variable; n is the total number of regions;
wijis the element of the spatial weight matrix.

Furthermore, it is essential to construct spatial weighting
matrices to describe the relationship between different regions.
In this study, referring to the study of Zeng et al. (27),
we construct three spatial weight matrices (including spatial
contiguity weight matrix, spatial distance weight matrix, and
spatial economic weight matrix) to examine the spatial effects of
EPU on healthcare expenditure.

The spatial contiguity weight matrix (W1) is constructed
as follows:

wij =

{

1, i 6= j
0, i = j

i, j = 1, 2, . . . , n (3)

Besides, we construct the spatial distance weight matrix W2
to conduct the empirical analysis. The spatial distance weight
matrix W2 is constructed as follows:

wij =

{

1/dij, i 6= j
0, i = j

i, j = 1, 2, . . . , n (4)

Where, dij is the road distance between region i and region j.
However, the above two spatial weight matrixes only reflect

the geographical relationship between regions, but they cannot
reflect the influence of other factors (27). Hence, we also
construct the spatial economic weight matrix W3 as follows:

W3 = W1 ∗
1

Y
diag(Y1,Y2, L, Yn), i, j = 1, 2, . . . , n (5)

Where Yi =
1

t1−t0+1

t1
∑

t=t0

Yit , Y = 1
n

n
∑

i=1
Yi; Yit is the per capita

real GDP of the region i at year t; Yi is the average per capita real
GDP of the region i over the years; Y is the average per capita real
GDP in all regions over the years.
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Models
Prior literature mainly uses the three spatial econometric
models, such as the spatial autoregression model (SAR), spatial
errors model (SEM), and spatial Durbin model (SDM), to
investigate the spatial effects between the related variables (40).
Among them, SAR only contains the lagged term of dependent
variables, SEM only contains the spatial spillover effects of
independent variables, while SDM contains both the lagged
term of dependent variables and the spatial spillover effects
of independent variables. The above three spatial econometric
models are defined as follows:

Yit = α + ρW ∗ Yit + α1EPUit + βControlit + σW ∗ Xkit

+ µit (6)

uit = λWuit + εit , ε ∼ N(0, σ 2In)

Where Yit represents the dependent variable of health
expenditure; EPUit represents the independent variable of
EPU; Controlit represent the control variables, including
GDP, Aging_rate, Urban_rate, Indu_rate, Mor_rate, Hos_num,
Fiscal_rev, and Bed_num, respectively; X includes independent
variable and control variables; W represents the spatial weight
matrix; α represents the intercept item; α1 represents the
coefficient of independent variable; β represents the coefficient
of control variables; ρ represents the spatial autoregressive
coefficient; λ represents the spatial error coefficient; θ represents
the spatial lag coefficient. When ρ 6= 0 and λ=θ=0, the model is
SAR; λ 6= 0 and ρ=θ=0, the model is SEM; when ρ 6= 0, θ 6= 0,
and λ=0, the model is SDM.

Model Selection
Consistent with the prior literature, we also use the Lagrange
multiplier tests (i.e., LM-lag and LM-err) to select the spatial
econometric model (41). The results are given in Table 3. All
the results (including LM lag test, robust LM lag test, LM error
test, and robust LM error test) are all significant at the 5%
level, thus we should reject the null hypothesis of “no spatial
autocorrelation.” Besides, the results of the Wald test and LR test
are all significant at the 1% level. The above results indicate that
we should apply the spatial econometric models to investigate
the impact of EPU on healthcare expenditure in China. Because
SDM includes both the lagged term of dependent variables and
the spatial spillover effects of independent variables, we should
select SDM for empirical analysis.

SPATIAL AUTOCORRELATION ANALYSIS

We apply the Moran index to perform the spatial autocorrelation
analysis. When the value of the Moran index is greater than zero,
it indicates that there is a positive spatial correlation between
data. On the contrary, when the value of the Moran index is
smaller than zero, it indicates that there is a negative spatial
correlation between data. The values of the global Moran index
for the main variables are reported in Table 4. The results show
that all the Moran index values of In_exp and Out_exp are
positive and significant at the 5% level based on the two spatial
matrices. These indicate that healthcare expenditure has obvious

TABLE 3 | Model selection test.

Tests t-statistics p-values

LM (lag) test 9.680 0.002

Robust LM (lag) test 5.683 0.017

LM (error) test 10.044 0.002

Robust LM (error) test 6.046 0.014

Wald test spatial lag 85.136 0.000

LR test spatial lag 37.666 0.000

Wald test spatial error 85.175 0.000

LR test spatial error 37.702 0.000

spatial autocorrelation in different regions of China. For EPU,
some of their Moran index values are significant at the 10%
level, which suggests that EPU of different regions is also spatial
correlated with other regions.

We also use the local Moran index to examine the local
agglomeration characteristics of healthcare expenditure and
EPU. In the scatter plots of the local Moran index, the first
quadrant and the third quadrant represent high-high (H-H)
value clustering and low-low (L-L) value clustering, respectively.
The second quadrant and the fourth quadrant represent low-
high (L-H) value clustering and high-low (H-L) value clustering,
respectively. Figure 3 gives the scatter plots of Moran index value
using the spatial contiguity matrix W1 in 2017. We can find that,
for healthcare expenditure (In_exp and Out_exp), most regions
are located in the first quadrant and the third quadrant. These
results suggest that healthcare expenditure has a positive spatial
correlation with different regions. However, for the Moran index
values of EPU (EPU1 and EPU2), most regions are located in the
second quadrant and the fourth quadrant, which indicates that
EPU has a negative spatial correlation in the different regions.
These results are consistent with the global Moran index values
in the above analysis. Therefore, it is necessary to consider spatial
correlation when studying the impact of EPU on healthcare
expenditure in China. Otherwise, the results may be biased.

EMPIRICAL ANALYSIS AND DISCUSSION

Baseline Regression
We carry out the empirical analysis based on three spatial weight
matrices (including spatial contiguity weight matrix W1, spatial
distance weight matrix W2, and spatial economic weight matrix
W3). Table 5 reports the estimation results using the SDM
method. Among them, Column (1) is the estimation results based
on the spatial contiguity weight matrix W1, Column (2) is the
estimation results based on the spatial distance weight matrix
W2, and Column (3) is the estimation results based on the spatial
contiguity weight matrix W3.

The spatial autoregressive coefficients ρ are all positive
and significant at the 10% level based on the three spatial
weight matrices. These results indicate that there are spatial
spillover effects of healthcare expenditure between a given
region and geographically or economically connected regions.
In other words, healthcare expenditure is influenced not only
by factors such as EPU in a given region but also by healthcare
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TABLE 4 | Global moran index values of healthcare expenditure and EPU.

Year Spatial contiguity weight matrix W1 Spatial economic weight matrix W3

In_exp Out_exp EPU1 EPU2 In_exp Out_exp EPU1 EPU2

2007 0.266*** 0.224*** 0.073 0.207** 0.360*** 0.284*** 0.113** 0.138**

2008 0.280*** 0.235*** −0.033 0.115* 0.373*** 0.29*** −0.123* −0.028

2009 0.274*** 0.234*** 0.021 −0.003 0.369*** 0.287*** 0.053* 0.035

2010 0.271*** 0.228*** −0.065 −0.163 0.379*** 0.316*** −0.062 −0.009

2011 0.259*** 0.202*** −0.018 0.035 0.370*** 0.283*** 0.040* 0.115**

2012 0.251*** 0.188** 0.001 0.123* 0.360*** 0.252*** 0.05 0.127**

2013 0.252*** 0.175** 0.115* 0.178** 0.359*** 0.239*** 0.108** 0.105*

2014 0.258*** 0.149*** −0.101 −0.031 0.362*** 0.215*** −0.033 0.000

2015 0.263*** 0.151** −0.076 0.008 0.363*** 0.227*** −0.045 0.037

2016 0.260*** 0.143** 0.221*** −0.079 0.363*** 0.228*** −0.059 −0.051

2017 0.266*** 0.207** −0.089 −0.062 0.360*** 0.210*** −0.083 −0.114

***p < 1%, **p < 5%, and *p < 10%.

FIGURE 3 | Scatter plot of the local Moran index values for healthcare expenditure and EPU (2017). Horizontal axis represents the observations of the local region,

and the vertical axis represents the observations of the adjacent regions; The slope of the regression line in the scatter plot is equal to the global Moran index value.

expenditure in neighboring or economically connected regions.
These conclusions are consistent with the findings of Zeng et al.
(27). For the spatial lag coefficients θ , all the coefficients are
significant at the 1% level, indicating that factors such as the
EPU can affect healthcare expenditure not only in the given
region itself but also in other nearby or economically connected

regions. The coefficients of sigma2_e are all also significant at
the 5% level. All these results suggest that there are spatial
spillover effects between EPU and healthcare expenditure in
China. Therefore, it is indispensable to introduce the spatial
spillover effects when exploring the impact of EPU on healthcare
expenditure. Otherwise, the conclusions will be biased.
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TABLE 5 | Estimation results of the impact of EPU on healthcare expenditure.

Variables Contiguity weight

matrix W1

Distance weight

matrix W2

Economic weight

matrix W3

(1) (2) (3)

EPU1 0.9747*** 1.1836*** 1.1370***

(3.16) (3.83) (3.11)

GDP 10.9685 16.4508** 7.4569*

(1.21) (2.08) (1.73)

Aging_rate −0.0720 −0.3310 0.5088

(−0.20) (−0.96) (1.54)

Urban_rate −1.6444*** −1.5419*** −0.8205***

(−3.58) (−2.98) (−2.62)

Indu_rate 0.3598 0.3707 0.4048**

(1.51) (1.61) (2.16)

Death_rate 1.5551 0.3055 −0.3009

(1.52) (0.29) (−0.34)

Hos_num −24.8311*** −29.6151*** −29.4146***

(−2.64) (−2.96) (−3.95)

Fiscal_rev 8.6466 8.6837 14.0025***

(1.60) (1.55) (2.97)

Bed_rate 1.0982 0.0268 0.9478

(0.54) (0.01) (0.42)

_cons −2.8e + 02*** −3.0e + 02*** −3.6e + 02***

(−5.61) (−5.12) (−5.86)

W*EPU1 −0.6815 5.4321*** 1.8449*

(−1.04) (3.18) (1.85)

W*GDP 30.8799** 11.5531 45.0768***

(2.32) (0.93) (4.02)

W*Aging_rate 0.4442 2.5889** 1.2100

(0.71) (2.03) (1.05)

W*Urban_rate 1.2365** 2.2339 −1.4553**

(1.97) (1.47) (−2.46)

W*Indu_rate 1.0346*** 1.7396*** 1.7709***

(4.09) (3.52) (4.77)

W*Death_rate −1.5752 −0.0983 0.6859

(−1.63) (−0.10) (0.82)

W*Hos_num −21.8530* −70.4759** −51.3869***

(−1.80) (−2.22) (−2.68)

W*Fiscal_rev −6.9207 15.1669 0.0631

(−0.87) (1.61) (0.01)

W*Bed_rate −0.2737 1.4840 0.7197

(−0.13) (0.70) (0.34)

ρ 0.3945*** 0.3011* 0.5840***

(3.96) (1.95) (11.71)

θ −3.1937*** −3.3012*** −2.7335***

(−8.31) (−7.94) (−4.82)

sigma2_e 11.5810*** 11.7754*** 10.0067***

(8.73) (8.25) (9.32)

Year FE Yes Yes Yes

Region FE Yes Yes Yes

N 319 319 319

This table presents the regression results about the impact of EPU on healthcare

expenditure using SDM method with time and entity fixed effects; ***p < 1%, **p < 5%,

and *p < 10%, respectively; t–statistics value in brackets.

The coefficients of EPU (EPU1) are all significant and
positive at the 1% level (the coefficients are 0.9747, 1.1836,
and 1.1370, respectively; the corresponding t-values are 3.16,
3.83, and 3.11, respectively) when we apply for the three spatial
weight matrices. It indicates that healthcare expenditure in a
particular region is positively correlated with the EPU of the
region. The possible reason is that with the increase of EPU,
residents face greater psychological and life pressure, which
increases the possibility of seeking medical treatment. More
important, when EPU increases, the government may exert more
expenditure on health, such as the COVID-19 outbreak in 2019.
Furthermore, the coefficients of the spatial lag of EPU (W∗EPU1)
are positive and significant at the 1% level and the 10% level,
respectively, when we use the spatial distance weight matrix W2
and spatial economic weight matrixW3. However, the coefficient
is insignificant at the traditional statistical levels based on the
spatial contiguity weight matrix W1. These results indicate that
the increase of EPU in a given region has a positive impact on
healthcare expenditure in geographically close or economically
connected regions. We also find that the spatial effects of EPU
on healthcare expenditure are more influenced by geographically
close and economically connected regions.

For all the control variables, the direct coefficients (GDP) and
the spatial lag coefficients (W∗GDP) of economic development
are significantly positive at the traditional statistical levels,
suggesting economic development in a region can increase the
healthcare expenditure in a particular region or geographically
close regions. The direct coefficients of urbanization level
(Urban_rate) are negative and significant at the 1% level,
indicating that urbanization is negatively related to healthcare
expenditure in this region. The coefficients of the number
of medical institutions (Hos_num and W∗Hos_num) are all
significantly negative at the 1% level, suggesting that the increase
in the number of medical institutions in the local or geographical
close regions will reduce the healthcare expenditure. The possible
reason is that an increase in the number of medical institutions
would promote the degree of competition, and reduce the
medical price, which in turn would lead to a reduction in
healthcare expenditure.

Decomposition Effects of EPU on
Healthcare Expenditure
The above conclusions show that there are significant spatial
spillover effects in China’s healthcare expenditure. Since SDM
includes the spatial lag of dependent variables and independent
variables at the same time, Lesage and Pace (42) decompose
the total marginal effects into direct effects and indirect effects,
which can better capture and explain the marginal effects of
independent variables in SDM. Therefore, we further decompose
the effects of EPU on healthcare expenditure (In_exp) into direct
and indirect effects based on the spatial economic weight matrix
W3, and the results are reported in Table 6.

It can be seen from the results in Table 6 that the coefficients
of direct effects and indirect effects of EPU are 1.5158 and
5.8162, respectively, and they are significant and positive at the
5% level. These results indicate that EPU not only promotes the
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TABLE 6 | Decomposition effects of EPU on healthcare expenditure.

Variables Dependent variable: In_exp

Direct effects Indirect effects Total effects

EPU1 1.5158*** 5.8162** 7.3321**

(3.46) (2.21) (2.53)

GDP 14.4185*** 113.0735*** 127.4920***

(3.33) (3.95) (4.20)

Aging_rate 0.7419** 3.1982 3.9401

(2.32) (1.23) (1.46)

Urban_rate −1.1047*** −4.4539*** −5.5586***

(−3.16) (−2.99) (−3.28)

Indu_rate 0.6853*** 4.5839*** 5.2692***

(3.63) (4.57) (4.88)

Death_rate −0.1546 1.1334 0.9788**

(−0.18) (1.45) (2.14)

Hos_num −39.0581*** −1.5e + 02*** −1.9e + 02***

(−3.81) (−2.64) (−2.87)

Fiscal_rev 15.0720*** 17.7925 32.8645*

(3.28) (1.15) (1.84)

Bed_rate 1.3537 2.7435 4.0973***

(0.64) (1.32) (2.76)

***p < 1%, **p < 5%, and *p < 10%, respectively; t-statistics value in brackets.

local healthcare expenditure but also has positive spatial spillover
effects on the healthcare expenditure in the spatially related
regions. The economic development (GDP) and the industrial
structure (Indu_rate) can promote healthcare expenditure in
the local region and also has significant positive spatial
spillover effects on healthcare expenditure of the economically
connected regions. Urbanization level (Urban_rate) and the
number of medical institutions (Hos_num) have negative spatial
spillover effects on healthcare expenditure in economically
connected regions. These findings further verify that EPU
has spatial spillover effects on healthcare expenditure. It also
indicates that using spatial econometric models to analyze the
relationship between EPU and healthcare expenditure can avoid
overestimating the direct effects and underestimating the spatial
spillover effects.

Furth Analysis: Regional Heterogeneity
There are obvious differences between the marketization process
in the eastern region and that in the central and western areas
of China. Compared with the eastern region with a higher level
of economic development and more perfect medical conditions,
the central and western areas are relatively backward in economic
and medical conditions, and their health investment and medical
level are relatively low. Thus, with the dramatic changes of EPU,
there may be significant differences in healthcare expenditure
among the three regions. Therefore, we further investigate the
spatial spillover effects of EPU on healthcare expenditure in the
eastern, central, and western areas.

Following the scope defined in the Regional Development
Plan approved by the state in China, we divide our samples

TABLE 7 | Estimation results of regional heterogeneity.

Variables Eastern area Central area Western area

(1) (2) (3)

EPU1 0.0344*** 0.0451* −0.0571

(3.35) (1.71) (−1.22)

W*EPU1 0.0238*** 0.0236 0.0762

(2.62) (1.56) (1.03)

Control variables Yes Yes Yes

ρ 0.1196*** 0.1202*** −0.2151**

(3.60) (2.87) (−2.46)

θ −4.4107*** −1.6911*** −3.1585***

(−12.16) (−4.09) (−9.10)

sigma2_e 9.0678*** 5.3169*** 5.1230***

(9.28) (3.42) (3.84)

Year FE Yes Yes Yes

Region FE Yes Yes Yes

N 110 99 110

This table presents the regression results of the SDM method based on spatial economic

weight matrix; The results of control variables are consistent with those in Table 5, and

we do not report them in this table due to space limitations; ***p < 1%, **p < 5%,

and *p < 10%, respectively; t-statistics value in brackets.

into three areas: the eastern area contains 10 regions: Beijing,
Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian,
Shandong, and Guangdong. The central area includes nine
regions: Heilongjiang, Jilin, Shanxi, Inner Mongolia, Anhui,
Jiangxi, Henan, Hubei, and Hunan. The western area consists
of 10 regions: Guangxi, Chongqing, Sichuan, Guizhou, Yunnan,
Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang. We conduct the
regression estimation of regional heterogeneity using the SDM
method, and the results based on the spatial economic weight
matrixW3 are reported inTable 7. We can find that all the spatial
autoregressive coefficients ρ in the eastern and central areas
are significantly positive at the 1% level (their coefficients are
0.1196 and 0.1202, respectively; the corresponding t-values are
3.60 and 2.87, respectively). In contrast, the spatial autoregressive
coefficient ρ is negative and significant at the 5% level in the
west area. These results suggest that, to a certain extent, the
spatial spillover effects of healthcare expenditure in the eastern
and central areas are opposite to that in the western area.
That is, healthcare expenditure in local regions has positive
spatial spillover effects on geographically or economically similar
regions in the eastern and central areas, while it has a negative
spatial spillover effect in the western area. Besides, all the
coefficients θ and sigma2_e are also significant at the 1% level,
which further implies that there are spatial spillover effects of
EPU on healthcare expenditure in the three areas.

In the eastern and central areas, the coefficients of EPU
(EPU1) are significant and positive at the 1% level and
the 10% level, respectively (the coefficients are 0.0344 and
0.0451, respectively; the corresponding t-values are 3.35 and
1.71, respectively). However, its coefficients are negative but
insignificant at the traditional statistical levels in the western
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TABLE 8 | Estimation results of robustness tests.

Variables Alternative measure of healthcare

expenditure: Out_exp

Alternative measure of

EPU: EPU2

GMM

W1 W2 W3 W1 W2 W3

(1) (2) (3) (4) (5) (6) (7)

EPU1 0.0387** 0.0347* 0.0305*

(2.18) (1.87) (1.80)

EPU2 0.0351** 0.0424*** 0.0458***

(2.52) (2.72) (2.86)

W*EPU1 0.0301* 0.0658* 0.0346** 4.4436***

(1.90) (1.87) (1.73) (166.18)

W*EPU2 −0.0091 0.1774*** 0.0540**

(−0.39) (2.78) (2.39)

_cons 0.5169 1.2740 3.5758*** −2.8e+02*** −2.8e+02*** −3.4e+02***

(0.38) (0.67) (3.58) (−5.62) (−4.65) (−5.83)

Control variables Yes Yes Yes Yes Yes Yes Yes

ρ 0.9444*** 0.9444*** 0.9563*** 0.3904*** 0.3234** 0.5878***

(84.78) (87.32) (123.51) (3.87) (2.15) (11.94)

θ −1.3320*** −1.3464*** −1.7160*** −3.1956*** −3.3007*** −2.7442***

(−3.49) (−3.76) (−5.92) (−8.38) (−7.94) (−4.77)

sigma2_e 0.0187** 0.0189* 0.0167* 11.6378*** 11.8403*** 10.0025***

(2.02) (1.85) (1.82) (8.96) (8.36) (9.62)

Year FE Yes Yes Yes Yes Yes Yes

Region FE Yes Yes Yes Yes Yes Yes

N 319 319 319 319 319 319 319

This table presents the robustness test results; Columns (1–3) are the results of the alternative measure of healthcare expenditure (Out_exp) based on the three spatial weight matrices,

respectively; Columns (4–6) are the results of the alternative measure of EPU (EPU2) based on the three spatial weight matrices; Column (7) is the result of the endogenous test using

the GMM method; The results of control variables are consistent with those in Table 5, and we do not report them in this table due to space limitations; ***p < 1%, **p < 5%, and *p <

10%, respectively; t-statistics value in brackets.

area (the coefficient is −0.0571, and the corresponding t-
value is −1.22). The above results indicate that EPU has
significant positive effects on healthcare expenditure in the
eastern and central areas, while the effects are not significant
in the western area. Next, focusing on the estimated coefficient
of EPU (W∗EPU1), it is positive and significant at the 1%
level in the eastern area (the coefficient is 0.0238, and the
corresponding t-value is 2.62), but it is insignificant at the
traditional statistical levels in the central and western areas. It
implies that, in the eastern area, the increasing of EPU not only
affects healthcare expenditure in the local region but also affects
healthcare expenditure in geographically close or economically
connected regions. However, the effects do not exist in the central
and western areas.

Robustness Tests
Alternative Measure of Healthcare Expenditure
In the above analysis, we take inpatient expenditure (in_exp) as
the proxy variable of healthcare expenditure. In this subsection,
we adopt outpatient expenditure (out_exp) to conduct a
robustness test for the above conclusions, and its definition
is given in Section Variables. The results are reported in
Columns (1–3) of Table 8. We can find that all the main
coefficients (EPU1, W∗EPU1, ρ, θ , sigma2_e) are consistent

with the previous results. These empirical results further suggest
that our empirical results remain stable when using different
proxy variables.

Alternative Measure of EPU
In the above empirical tests, we use the EPU index proposed by
Yu et al. (28) to measure the EPU. In this subsection, we adopt
the standardization of China’s provincial EPU index (EPU2)
proposed by Yu et al. (28) to carry out the robustness test, and the
definition of EPU2 is given in Section Variables. The regression
results are reported in Columns (4–6) ofTable 8 and show that all
the coefficients are significant at the traditional statistical levels.
These results suggest that our previous conclusions are robust,
and further confirm that EPU has spatial spillover effects on
healthcare expenditure in China.

Endogenous Test
In general, it is difficult for healthcare expenditure to affect
EPU at the macro level. Thus, there is almost no inverse
causality between EPU and healthcare expenditure. Besides,
we control some related variables influencing healthcare
expenditure in the previous empirical analyses, but it is
impossible to avoid endogenous problems. Therefore, referring
to the study of Elhorst (40), we use the spatial Generalized
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Method of Moments (GMM) to perform the endogenous
test. Following Zeng et al. (27), we adopt W∗EPU1 as the
instrumental variable of the spatial GMM method. The results
of the spatial GMM method are reported in Column (7)
of Table 8. The coefficient of W∗EPU1 is significant and
positive at the 1% level, which further verifies the results
of the spatial GMM estimation are consistent with the
previous conclusions.

CONCLUSIONS AND IMPLICATIONS

This study aims to explore the impact of EPU on healthcare
expenditure using the panel data of 29 Chinese regions from 2007
to 2017. Moreover, we also analyze the regional heterogeneity
of the spatial effects between EPU and healthcare expenditure.
For these purposes, we adopt the spatial Durbin model (SDM)
to conduct empirical analyses based on the three spatial
weight matrices.

This study is the first substantial research of the spatial
spillover effects of EPU on healthcare expenditure in health
economic studies. Our empirical results show that healthcare
expenditure is not randomly distributed between regions in
China, and has significant characteristics of spatial clustering
and spatial spillover effects. In other words, local healthcare
expenditure can exert positive spatial spillover effects on
geographically or economically connected regions. We also find
a positive correlation between EPU and healthcare expenditure.
That is to say, EPU can affect healthcare expenditure not
only in the local region itself but also in other geographically
or economically connected regions. Moreover, our study
further reveals that the above spatial spillover effects are
heterogeneous in the eastern, central, and western areas. The
spatial spillover effects of EPU on healthcare expenditure
only exist in the eastern area, but not in the central and
western areas.

Overall, our empirical findings highlight the spatial spillover
effects of EPU on healthcare expenditure in emerging markets.
However, there are some limitations in our study and further
research is needed. First, the dataset of our study is limited to
provincial data in China, which may limit the generality of the
results. Future research can extend the dataset to the municipal
level or even the county level to examine the spatial effects of
EPU on healthcare expenditure. Second, due to the availability
of data, our research only uses the three spatial weight matrices,
further research can be extended to other weight matrices, such
as the human resources weight matrix and public service weight
matrix. Finally, one crucial future research is to investigate
whether the COVID-19 pandemic affects the impact of EPU on
healthcare expenditure because the COVID-19 pandemic led to
unprecedented policy responses, such as lockdowns and stimulus
packages (23, 43, 44).
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China is an emerging country, and government intervention is always considered as

an important part of the solutions when people facing challenges in China. Under the

impact of the coronavirus disease 2019 (COVID-19) epidemic and the global economic

downturn, the Chinese government quickly brought the epidemic under control and

restored the positive economic growth through strong intervention. Based on the panel

data of provincial level in China and the government intervention as the threshold variable,

this paper empirically analyzed the non-linear effect of business cycle on population

health by using the panel threshold regression model. The empirical results show

that the impact of the business cycle on population health is significantly negative,

and government intervention has a single threshold effect on the relationship between

business cycle and population health. When the government intervention is below the

threshold value, the business cycle has a significant negative effect on the improvement

of the population health level; when the level of government intervention exceeds the

threshold value, the relationship between business cycle and population health becomes

significantly positive. To some extent, the conclusions of this paper can guide the

formulation and revision of government health policy and help to adjust the direction and

intensity of government intervention. The Chinese government and other governments

of emerging countries should do more to harness the power of state intervention in their

response to the business cycle.

Keywords: government intervention, business cycle, population health, threshold effect, the Chinese government

INTRODUCTION

The coronavirus disease 2019 (COVID-19) has become a worldwide epidemic, resulting in a serious
health crisis due to the large number of infected persons and high death rate (1, 2), and population
health is becoming a continuing focus of concern throughout the world. Health is an important
component of human capital; some studies have advocated that health should be promoted to the
core position of national productivity and become the central goal of economic growth (3). As
the world’s most populous country, the Chinese government plays an important role in preventing
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the spread of COVID-19 and promoting the level of population
health. Through policy and institutional arrangement,
government intervention can make up for market failure,
eliminate poverty, and deal with public health emergencies.
China’s economic development has made great achievements,
and along with the widening of rural medical insurance
coverage, the government has done a lot of responsibility
on these systems; these investments need to be backed by
huge amounts of government funding. In this context, it is
particularly important to study the effect of the business cycle
on population health in China and find out the appropriate
level of government intervention that should be maintained
in responding to the business cycle. Governments especially
in emerging countries need to take actions in fighting the
epidemic and steadily improve population health throughout the
business cycle.

We are on the cusp of a fourth industrial revolution, in which
human-capable jobs are being replaced by automated algorithms,
and robots are outperforming humans at complex tasks like robo
advisers (4). Economic development is increasingly dependent
on automation, more and more jobs are being replaced, and
excessive life stress leads to a common state of subhealth. At
the same time, people are living in a more affluent life; a
large intake of high-protein, high-fat, and other foods leads to
excess nutrition and insufficient exercise. What is more, people
spend more time looking down to play with mobile phones,
which is also bad for the health. Empirical studies have shown
that government reductions in per capita health spending lead
to higher mortality rates (5). Therefore, from the perspective
of government intervention, the impact of business cycle on
population health in China is worth studying. The World Health
Organization believes that it is the political responsibility of
governments to ensure that everyone has the right to healthcare.
The instability, irregularity, and unpredictability of the medical
and health demand led to the market failure and therefore
the need for increased government intervention (6). On the
one hand, the government influences the overall health level
of population through public welfare policies; on the other
hand, especially in some low-income areas, government financial
expenditure has been an important financing channel for the
effective implementation of the medical and health system.

Economic growth is affected by fluctuations in the price
of oil (7). More attention should be paid to the impact of
cyclically sensitive industries on people’s health (8). For emerging
countries that are highly dependent on energy or single industry,
geopolitics greatly affects inflation and economic development,
while the level of government intervention can help improve the
immunity and efficiency against external shocks (9). The supply
of basic health facilities and input of basic medical and nutrition
guaranteed projects all need to be supported by the government’s
public budget. Governments can also understand the causes of
oil price fluctuations to promote the health of energy markets
(10). With the increasing availability of data, a growing number
of scholars have confirmed the significant impact of government
public health spending on health (11). Partisan conflicts in the
United States affect the world economy and energy markets
(12), and governments in emerging countries need to be more

intrusive in shaping policy to respond appropriately to the
business cycle and strive to improve population health.

This paper has the following contributions: first, based
on China’s provincial panel data, this paper empirically tests
the impact business cycle on Chinese population health.
Second, from the perspective of the degree of government
intervention in China, this paper explores the non-linear
characteristics of business cycle and population health by using
the panel threshold regression model. Finally, based on the
empirical results, this paper puts forward some suggestions
on how to scientifically determine the level of government
intervention in emerging country such as China and hope
to provide experience and inspiration for other developing
countries or underdeveloped countries to improve population
health equity.

LITERATURE REVIEW AND HYPOTHESIS

Business Cycle and Population Health
Business cycle is the alternating or periodic fluctuation
phenomenon of economic expansion and economic contraction,
and the business cycle reflects how fast the economy is growing.
With the rapid transformation of Chinese society, some people
will appear impetuous, indifferent, and other negative psychology
to a certain extent, which is considered to be very harmful to
health. Research on the impact of the business cycle on health
has been controversial. By studying the relationship between
business cycle and mortality, some scholars have shown that
economic growth will improve the health level of population
(13). Economic growth will bring the increase in the overall
income level of residents, and with the increase in income, the
health expenditure will increase, and the health status will be
improved (14). The economic downturn can cause a variety of
health problems (15). While the studies of other scholars have
shown that economic recession is conducive to the improvement
of health: the mortality rate in Japan shows a trend of increasing
during economic expansion and decreasing during economic
recession (16); the fluctuation of the Spanish economy from
1980 to 1997 reflects that unemployment has a negative impact
on mortality. When the economic growth and unemployment
rate decrease, the mortality rate will increase (13). The health
of adults (17) and newborns can be improved during economic
recessions (18), a conclusion that has been similarly confirmed
in several other countries (19, 20). Fluctuations in oil prices
lead to wage arrears, which adversely affects people’s incomes,
and it is not good for people’s quality of life (21). With the
advance of urbanization in China, the fierce competition makes
the employees more psychologically pressured; more and more
people suffer from depression, which is not good for health. The
industrial economic exhibition is behind the industrial wastes
such as oil pollution, acid rain, and other issues, which has also
brought new hidden dangers to population health.

Therefore, hypothesis 1 is proposed:

There is a significant negative correlation between business
cycle and population health.
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Threshold Effects of Government
Intervention
While factions in the United States were struggling fiercely, the
Chinese government promoted better and faster development
of the economy and people’s livelihood through macro-control.
The system with Chinese characteristics, which is characterized
by the authority of political parties over the will of capital,
has overcome the government failure of western countries.
The high degree of government intervention is the internal
root of China’s success in defeating the epidemic (22). The
influence of political factors on healthcare has received increasing
attention in emerging countries. In a world where political
partisanship is affecting the global economy, the government
can also actively safeguard public safety and enhance people’s
confidence in the government (23). At present, China’s resource
allocation is not completely driven by the market but still
relies on the administration-led mode of resource allocation
management. In the face of increasing pressure to save energy
and reduce emissions, the Chinese government has formulated
various intervention policies in recent years, such as pollution
total amount control, pollution costs, and environmental taxes.
The Chinese government’s energy conservation and emission
reduction policy has improved environmental conditions (24)
so as to contribute to population health. In fact, people’s health
depends on a variety of factors. For example, Labelle (25) believed
that environment factor, mode of life and behavioral factor,
biogenetic factor, healthcare services, and other influencing
factors can influence population health. Studies have pointed
out that the scale of government expenditure shows a non-
linear growth trend along with economic growth, presenting an
“inverted U-shaped” curve, and there is an optimal government
size (26).

In addition to influencing population health through public
health expenditure, the government also affects population
health through environmental governance. The emission
efficiency of pollution is affected by government intervention
mechanism. Different stages of economic development
have a significant impact on local governments. With rapid
economical development, people’s quality of life is rising. The
public’s environmental consciousness and health awareness
will continually improve, and the desire for a high-quality
environment will be even stronger. In this case, the diversified
performance appraisal system with environmental protection as
the core gradually replaced the local government performance
appraisal system with gross domestic product (GDP) as the
orientation. Local governments will be encouraged to strengthen
environmental supervision and increase input in environmental
protection (27); thus, it is conducive to population health. With
the influence of the business cycle, the lack of government
intervention may not be able to provide sufficient resources and
help people to improve infrastructure and related healthcare
level; especially in China, a major policy dominated by the
government to carry out all health and poverty relief measures,
more increased government intervention plays a role in the
people’s health level. In China, due to the special political system,
a low level of political intervention may lead to the undoubted

negative effects of the economic cycle on human health.
However, if the government gives full play to the advantages
of government intervention through environmental protection
policies and medical care policies, it will be beneficial for the
people to deal with the business cycle.Therefore, this paper puts
forward the following hypothesis 2:

Government intervention has a threshold effect on the
relationship between business cycle and population health.

DATA AND METHODOLOGY

The Data Source
Due to the lack of data in Xizang province, this paper uses
panel data of 30 provinces in China during the decade of
2008–2017 to empirically test the relationship between business
cycle, government intervention, and population health. Data are
obtained from the official website of the National Bureau of
Statistics of China and China National Statistical Yearbook.

Variable Description
Referring to previous literature studies, this paper uses GDP
growth rate (28, 29) to measure the business cycle as the
explanatory variable. Using the continuous variable of annual
GDP growth rate as the proxy variable of the business cycle
can effectively avoid the possible errors caused by defining
dummy variables to distinguish between the boom and recession
periods. Perinatal mortality as a measure of population health is
used as an explained variable in this paper (30). The threshold
variable is local government intervention, which is measured
by the proportion of local fiscal expenditure in regional GDP
(31). The larger the ratio of local fiscal expenditure to regional
GDP, the more significant the role of local governments in
market resource allocation. One of the control variables in this
paper is the urbanization rate, which is the proportion of urban
population to total population (Ur), to measure the urbanization
level of each province. In addition, there are also two types of
demographic variables and environmental variables. Population
characteristic variables include the aging degree of the population
(Aging) and the education level of the population (Education),
while environmental variables mainly include the road per capita
(Road_per), the proportion of the secondary industry (S_indus),
the average number of daily clients served per physician (Doc),
and the proportion of the tertiary industry (T_indus). The
definition of the variables can be seen in Table 1.

Methodology
Based on the hypothesis mentioned above, the benchmark
measurement model of fixed effects is first established:

Healthit = α0 + α1GDPgit + α2Docit + α3Urit + α4Agingit

+ α5Educationit + α6Road_perit + α7S_indusit

+ α8T_indusit + εit (1)

where i represents the province; t represents the year; Healthit
is measured by perinatal mortality rate (Pmr), which is the
dependent variable; GDPgit (measured by GDP growth rate of
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TABLE 1 | Definition of variables.

Variable Measure unit Definition

GDPg % The GDP growth rate

Pmr % Perinatal mortality rate

Gi % Degree of government intervention

Doc Average number Average number of daily clients served per

physician

Ur % Urbanization rate

Aging % Old-age dependency ratio

Education % Proportion of people who have at least 6

years of educational experience

Road_per Square meters Average square meters per person

S_indus % Proportion of secondary industry

T_indus % Proportion of tertiary industry

TABLE 2 | Descriptive statistics.

Variable Obs Mean SD Min Max

GDPg 300 12.308 7.109 −22.401 32.274

Pmr 300 6.689 2.836 2.020 19.170

Gi 300 23.334 9.854 8.744 62.686

Doc 300 6.902 2.497 3.130 15.200

Ur 300 54.722 13.207 29.110 89.600

Aging 300 13.067 2.681 7.440 20.597

Education 300 8.912 0.951 6.764 12.502

Road_per 300 14.275 4.461 4.040 25.820

S_indus 300 46.216 8.336 19.010 61.500

T_indus 300 43.365 9.362 28.600 80.560

business cycle) is the independent variables; Docit , Urit , Agingit ,
Educationit , Road_perit , S_indusit , and T_indusit are the control
variable; and εit is the random interference term.

However, according to the theoretical analysis above, the
impact of the business cycle on population health does not
necessarily show a simple linear relationship but may show a
non-linear relationship with the different levels of government
intervention. In order to further explore whether there is a
relationship between business cycle and population health under
different levels of government intervention, the panel threshold
model was adopted in this study for empirical analysis.

Healthit = ωi + γ1GDPgit
∗I (Government_interit ≤ σ)

+ γ2GDPgit
∗I(Government_interit > σ )

+ γ3Controls+ εit (2)

where ωi is a constant term, GDPgit is an independent
variable, Government_interit is the threshold variable, σ is
the threshold value, and εit is an error term to independent
identical distribution.

FIGURE 1 | Average trend figure of key variables.

EMPIRICAL RESULTS

Descriptive Statistics
As can be seen from the Table 2, the standard deviation of
GDP growth rate is 7.109%, and the difference between the
maximum and minimum values is nearly 55%, indicating that
the distribution of regional economic growth rate is relatively
scattered, and there is a large gap in economic development.
The standard deviation of aging and education level is small,
indicating that the distribution of regional pension and education
level in China is relatively concentrated. The standard deviation
of urbanization rate is large, indicating that its distribution is
relatively dispersed.

We can see clearly from the Figure 1 that the average number
of average GDP growth rate of each province kept fluctuating
between 10 and 20% during the period of 2008 and 2012 and
hit the valley at around 5% in 2015, while that on government
intervention showed an overall upward trend. At the same time,
the perinatal mortality rates were slowly decreasing, indicating
that the population health was getting better.

Regression Results
As can be seen from the estimation results of fixed effect in
Table 3, GDPg is negatively correlated with population health at
the significance level of 10%. With the continuous development
of economic conditions, the level of population health have
also improved; thus, hypothesis 1 is verified. In order to ensure
the robustness of the model, this paper selects GDP index as
the alternative variable of the economic cycle. GDP index also
shows significant cyclical characteristics and accurately describes
the specific trend of the economy. The coefficient symbol and
significance of GDP_index also prove the robustness of business
cycle to population health. The coefficient symbols of other
control variables are basically consistent with the existing studies.

Next, the bootstrap method was used for 500 repeated
sampling to determine the threshold value, and the validity of the
threshold value was tested. The results are shown in Table 4.
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TABLE 3 | Regression result.

Variables Fixed effect Fixed effect

GDPg 0.020*

(1.73)

GDP_index 1.139***

(6.04)

Doc 0.195** 0.193**

(2.17) (2.14)

Ur −0.115*** −0.118***

(−3.93) (−4.02)

Aging −0.044 −0.044

(−1.06) (−1.08)

Education −0.226 −0.204

(−0.89) (−0.80)

Road_per −0.078** −0.091**

(−2.05) (−2.45)

S_indus 0.102** 0.104**

(2.48) (2.55)

T_indus 0.160*** 0.155***

(3.48) (3.35)

Constant 2.900 −121.264***

(0.52) (−4.82)

Year Control Control

Province Control Control

Observations 300 300

Adj R-squared 0.947 0.946

***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 4 | Threshold effect test.

Model Fstat P-value Crit10 Crit5 Crit1

Single threshold model 31.24** 0.038 23.979 29.153 41.726

Double threshold model 15.81 0.266 22.220 27.860 43.286

**p < 0.05.

It can be seen from Tables 4, 5 that when threshold effect is
used for estimation, government intervention presents a single
threshold effect on the impact of business cycle on population
health, and the threshold value is 0.358. When the degree of
government intervention is lower than 0.358, the coefficient
of business cycle is highly significant and positively correlated
with the perinatal mortality rate at the level of 1%. When the
degree of government intervention is >0.358, the coefficient
of business cycle is negatively significant at the level of 5%.
It can be seen that government intervention has a threshold
effect on the impact of business cycle on population health.
When government intervention is lower than the threshold, the
impact of business cycle on health becomes negatively correlated,
and when government intervention exceeds the threshold,
the impact of business cycle on population health becomes
positively correlated. Therefore, the government should adjust
the relationship between market level and strong government

TABLE 5 | Threshold model result.

Variables Threshold regression

GDPg(it)
* I (<0.358) 0.039***

(4.64)

GDPg(it)
* I (≥0.358) −0.044**

(−2.55)

Doc 0.001

(0.01)

Ur −0.234***

(−9.51)

Aging 0.553

(0.15)

Education −0.392**

(−2.06)

Road_per −0.123***

(−3.10)

S_indus 0.046

(1.08)

T_indus 0.064

(1.42)

Constant 19.116***

(5.59)

Observations 300

Adj R-squared 0.214

***p < 0.01, **p < 0.05.

management, so as to release the promoting effect of economic
growth on population health to the maximum extent.

CONCLUSION AND SUGGESTIONS

Conclusion
This paper first uses a fixed-effect model to test the impact of
business cycle on population health in China. In our study,
the business cycle is defined as the GDP growth rate, and we
find that the business cycle has a significantly negative impact
on population health. In addition, according to the threshold
effect test, it is found that government intervention has a single
threshold effect on the relationship between business cycle and
population health, with a threshold value of 0.385. In other
words, when government intervention is lower than this level,
business cycle will reduce the degree of population health, and
when government intervention is above that level, the increase in
economic growth will be rewarding and is good for population
health. Strong government intervention in China is necessary
to maintain the population health as the epidemic continues
to spread around the world, which has led to great economic
fluctuations. These conclusions provide valuable insights into
the level of government intervention that policymakers should
undertake in the face of an business cycle.

Suggestions
The economic miracle that China has achieved in the past 40
years since reform and opening up has attracted the attention of
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the world, but how to properly handle the relationship between
the government and the market is still a major issue that China
and even the rest of the world should consider. According
to the empirical results, in the economic downturn, the
government needs to give full play to its function and formulate
relevant development strategy to solve market failure caused by
unreasonable resource allocation, thereby reducing the negative
effect on the national health economic fluctuations. Governments
in other emerging countries can also appropriately increase the
degree of government intervention and provide policy support
to their citizens in accordance with their national conditions.

Governments can also ensure that the mental and physical
health of their people develop in harmony through cultural
promotion and education. The authorities can improve people’s
satisfaction at work and get enough rest through education
reforms and protecting the legal rights of workers. At the same
time, it can carry out international experience exchange and
cooperation to effectively solve the environmental pollution
problems caused by rapid economic development and reduce the
health hazards caused by ecological deterioration. In addition,
the government can guide the society to raise funds for medical
and healthcare and guarantee basic medical and health care
and public health services. Big data can also be used to
establish a prevention-oriented population health monitoring
and evaluation platform, and a population health data sharing

platform can be established through the Internet so as to improve
people’s own health awareness and optimize the health service
system. Governments of all countries should join hands to
support international cooperation in fighting the epidemic and
promote the building of a health community for mankind.
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Does High-Speed Rail Opening Affect
the Health Care
Environment?–Evidence From China
Cai-Xia Song, Cui-Xia Qiao* and Jing Luo

School of Economics, Shandong Normal University, Jinan, China

Using the panel data of 280 prefecture-level cities in China from 2004 to 2014, this paper

examines the effects of high-speed rail opening on health care environment based on

Difference-in-Differences method (DID). Through an empirical analysis, the results proved

that high-speed rail opening can significantly promote the health care environment and

this effect is different in regions with different levels of economic development. Finally,

we tested the mechanisms of how the high-speed rail opening affects the healthcare

environment. High-speed rail opening improves the healthcare environment by increasing

road accessibility and promoting economic development. Our results support the view

that high-speed rail opening has an important contribution to the improvement of health

care conditions.

Keywords: high-speed rail opening, health care environment, China, difference-in-differences method, economic

development

INTRODUCTION

In response to the huge demand for cross-regional movement of people and materials brought
about by economic development, China has placed a high priority on transport infrastructure
development. High-speed railway, with its high speed and wide coverage, can meet the need
for efficient and convenient transport. As a transport infrastructure with large-scale investment,
high-speed railways have a close relationship with economic development and national living
standards, and also play an important role in improving the health care conditions of cities along
the route (1–3).

Road infrastructure is considered to be a key catalyst for regional economic growth and
residential environment (4–7). Existing studies have categorized the impacts of road infrastructure
into two types: direct and indirect. Direct impacts are about service and accessibility improvements,
including market opening, foreign investment and urban expansion. Indirect impacts are related
to regional responses and policy changes along road construction, including greater urban
attractiveness, lower development costs and tax incentives. It’s also the way in which high speed
rail affects the health care environment (8). Transport infrastructure can improve the healthcare
environment by increasing the accessibility of healthcare resources and the use of healthcare
services, thereby, improving the health of the population (9–12).

Studies have proven that the opening of a high-speed railway will have an overall impact on the
development of a region (13). In the specific area of healthcare, the question of how the high-speed
railway will affect the medical environment and how the advantages of the high-speed railway
can be transformed into development momentum to drive healthcare development needs to be
carefully considered. To address these issues, this paper uses the panel data of 280 prefecture-level
cities in China from 2004 to 2014, and examines the effects of high-speed rail opening on health care
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environment based on Difference–in– Differences method
(DID). The results of the paper show that the opening of high-
speed rail is conducive to improving the health care environment.
As an important part of modern transport infrastructure, high-
speed rail can provide healthcare resources and health protection
to regions by reducing time costs, increasing the mobility of
healthcare resources and promoting economic development. The
health effects of the high-speed rail opening have already been
demonstrated. In addition, the effect of the opening of the high-
speed rail in improving the healthcare environment is different in
different regions.

The rest of the paper is organized as follows. Section Research
Hypothesis proposes theoretical mechanisms and research
hypotheses. Section Methodology and Data elaborates model
setting and variable selection. Section Empirical Results and
Analysis provides regression results and explanations. Section
Robust Test provides parallel trend and endogeneity test. Section
Conclusions concludes.

RESEARCH HYPOTHESIS

According to the new economic geography theory, which
introduces spatial distance and transport costs into the economic
model analysis, Krugman (14) points out that the reduction
in transport costs can generate agglomeration effects of factors
and industries, thus creating economies of scale and promoting
economic growth.

As an important transport infrastructure in modern society,
high-speed rail has the function of shortening spatial distances
and reducing transport costs (15, 16). On the one hand, the
agglomeration of medical industries makes it more convenient
for people to access medical and health services. And on the other
hand, the opening of high-speed rail makes advanced medical
technology and medical equipment more easily accessible, thus
improving the medical environment in backward areas (17–20).

Furthermore, the opening of the high-speed railway will
facilitate the flow of talents, making it easier for specialists to
communicate, expanding the geographical mobility of medical
personnel and strengthening inter-regional medical cooperation
(21, 22). At the same time, in order to enhance the location and
competitiveness of the opening areas, the local governments of
the opening areas will also improve their healthcare environment
and increase their financial expenditure on healthcare (23, 24),
thus improving the healthcare conditions in the opening areas
and further promoting the mobility of healthcare professionals
(25). Therefore, the following hypothesis is proposed.

H1: The opening of the high-speed rail will improve regional
health care.

In addition, the impact of the high-speed rail on the different
regions varies, as there are significant differences in economic
development and infrastructure in different regions (26–28). Due
to the higher level of economic development in the eastern
region and its natural geographical advantage, it is beneficial for
the introduction of technology and the exchange of talents. In
contrast, the density of high-speed rail in the western region is
currently much lower than in the eastern region due to poor

infrastructure. The effect of high speed rail on improving medical
conditions in the western region may be relatively limited (29–
31). Therefore, the following hypothesis is proposed.

H2: The impact of high-speed rail on the healthcare
environment is different in different regions.

METHODOLOGY AND DATA

Model Setting and Variable Selection
High-speed rail is opened by region and year by year. This paper
uses DIDmodel to examine the impact of high-speed rail opening
on the health care environment. Regions with high-speed rail
service were used as the experimental group (takes a value of
1), while others were used as the control group (takes a value
of 0). By comparing the change in medical conditions between
the control group and the experimental group, it is possible to
identify whether the high-speed rail has improved the health care
environment. The econometric model was set up as follows.

HCEit = α + β0HSRit∗TIMEit + β1Controlit + ϕi + γt + εit (1)

In the above model (1), i denotes prefecture-level cities, and t
denotes years. ϕi is individual fixed effects, γt is time fixed effects
and εit is random error term. HSR represents the high-speed rail
opening. TIME is a time dummy variable, if a city opens a high
speed rail in year t, then TIME takes the value 1 for the city in year
t and later, and 0 for the year before. HCE represents health care
environment. The health care environment consists of threemain
components: the level of medical technology (TEC), medical
infrastructure (MI) and the medical workforce (MW). As the
introduction of high-tech medical equipment is limited by data
collection, the share of government expenditure on technology
in government expenditure is used to represent the general level
of regional medical technology. And medical infrastructure is
represented by the number of regional hospital beds, medical
workforce is represented by the number of regional doctors.

Control is a set of control variables, including (a). regional
economic development (lnGDP), measured as the logarithm of
GDP per capita; (b). openness (FDI), measured as the proportion
of total foreign investment utilized to GDP; (c). government size
(Gov), measured as the proportion of government expenditure to
GDP; (d). human capital (CAP), measured as the proportion of
university students to the total population; (e). regional transport
infrastructure development (lnRoad), measured as the logarithm
of regional transport miles; (f). financial development (FIN),
measured as the proportion of deposits in financial institutions
to GDP.

Data Source
Using the panel data of 280 prefecture-level cities in China
from 2004 to 2014, this paper examines the effects of high-
speed rail opening on health care environment. Data on the
high-speed rail opening is from the website of the National
Railway Administration. Other research data is from the China
Regional Economic Statistical Yearbook (2004–2014) and the
China Urban Statistical Yearbook (2004–2014).
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TABLE 1 | Benchmark test.

Variable (1) (2) (3) (4) (5) (6)

TEC MI MW TEC MI MW

HSR*TIME 0.281*** 0.811*** 0.426*** 0.164*** 0.764*** 0.311***

(0.094) (0.030) (0.061) (0.007) (0.063) (0.041)

LnGDP 1.470*** 2.322*** 3.211* 2.101*** 1.860*** 3.006*

(0.143) (0.064) (1.829) (0.099) (0.217) (1.513)

FDI 0.786*** 10.551*** 2.415 0.821*** 12.639*** 3.106

(0.143) (2.886) (2.988) (0.201) (3.006) (3.118)

GOV 0.101*** 0.207*** 0.115* 0.115*** 0.194*** 0.104*

(0.001) (0.011) (0.026) (0.008) (0.019) (0.029)

CAP 2.032*** 0.032 1.809*** 1.883*** 0.009 1.775***

(0.016) (0.147) (0.002) (0.044) (0.088) (0.004)

LnRoad 1.098** 1.420*** 2.042*** 1.102** 1.311*** 2.008***

(0.166) (0.094) (0.102) (0.179) (0.056) (0.123)

FIN 0.852* 0.971* 0.639* 0.911* 0.842* 0.597*

(0.411) (0.316) (0.216) (0.322) (0.216) (0.189)

Constant 6.874*** 10.477 11.612 7.012*** 8.991 3.557

(0.622) (13.009) (10.998) (2.004) (9.106) (6.246)

Fixed effects NO NO NO YES YES YES

Obs 2,890 2,890 2,890 2,890 2,890 2,890

R2 0.770 0.811 0.901 0.792 0.672 0.955

Cluster robust standard error in parenthesis. Significance: *p < 0.1, **p < 0.05,

***p < 0.01.

EMPIRICAL RESULTS AND ANALYSIS

Benchmark Test
Table 1 shows the benchmark regression results. Columns
(1) to (3) do not control for fixed effects, and columns
(4) to (6) control for time and individual fixed effects. The
results show that the estimated coefficient of HSR∗TIME is
significantly positive in both regressions. It indicates that the
local health care environment in cities with high-speed rail
opening is significantly enhanced relative to cities without high-
speed rail opening, which confirms the research hypothesis
1: The opening of the high-speed rail will improve regional
health care.

Regarding the coefficient of control variables, it can be stated
that: economic development, market openness, government
size, human capital, transport infrastructure development and
financial development all have a positive effect on the local health
care environment at least at the 10% significance level.

Regional Test
The differences in economic characteristics, cultural customs and
resource endowments of different regions may lead to differences
in the impact of the high-speed rail opening on the regional
healthcare environment. Therefore, the sample was divided into
three parts, East, Central and West, according to the regional
classification criteria used in most of the literature. A sub-sample
regression based on Equation (1) was then conducted to analyze
whether there was regional heterogeneity in the impact of the

high-speed rail opening on the health care environment, and the
results are shown in Table 2.

The regression coefficient for HSR∗TIME is significantly
positive in both the East and Central regions, but not in theWest,
and the coefficient for the Eastern region is greater than that for
the Central region. The results suggest that the improvement of
the health care environment in the central and western regions
is influenced by other complex factors, as well as possibly by
the density of high speed railways. What is certain is that
as the level of regional economic development increases, the
contribution of high-speed rail to the health environment is
strengthening. Thus, the opening of high-speed railways has
a greater promotional effect on the health environment in
more economically developed regions. This verifies the research
hypothesis 2: The impact of high-speed rail on the healthcare
environment is different in different regions.

Mechanism Test
As mentioned in Section Research Hypothesis above, the
impact of the opening of the high-speed rail on the healthcare
environment has two main mechanisms: (a). increasing road
accessibility (free movement of healthcare resources and talent),
and (b). promoting regional economic development and thus
improving healthcare standards. Firstly, the article tests the
first mechanism using the interaction term between regional
product flows (imports and exports) and the opening of the
high-speed rail. And then, the second mechanism is tested using
the interaction term between regional GDP per capita and the
opening of the high-speed rail. On the basis of model (1), the
model for the mechanism test is set up as follows.

HCEit = α + β0Mechit+β1HSRit∗Mechit + β2Controlit + ϕi

+ γt + εit (2)

In the above Equation (2), Mech is the two mechanism factors
to be tested (product flows and economic development). And
the regression results are shown in Table 3. From columns (1)
to (3), the regression coefficients for HSR∗Product are positive,
indicating that the opening of the high-speed rail enhances the
health care environment by improving road accessibility and
facilitating factor mobility. From column (4) to column (6), it
can be concluded that the regression coefficient of HSR∗GDP
Percapita is significantly positive, indicating that the opening of
high-speed rail does enhance the health care environment by
promoting economic development. It can be seen that economic
development is the guarantee for the health effect of the opening
of the high-speed rail. In summary, both mechanisms are valid.

ROBUST TEST

Parallel Trend Test
The parallel trend assumption is an important premise of the
DID model, which requires a common trend in the level of
healthcare in the experimental and control groups before the
opening of the high-speed rail. A “counterfactual test” of the
effect of the opening of the high-speed rail was carried out by
advancing the opening of the high-speed rail by 1, 2, and 3
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TABLE 2 | Regional test.

Variable (1)

Eastern region

(2)

Central region

(3)

Western region

TEC MI MW TEC MI MW TEC MI MW

HSR*TIME 0.811*** 1.014*** 1.622*** 0.404*** 0.923*** 0.845** 1.004 0.894 0.659

(0.009) (0.011) (0.019) (0.012) (0.043) (0.117) (2.334) (0.965) (0.880)

LnGDP 2.110*** 3.047*** 2.697*** 1.601*** 2.908*** 2.028* 1.720* 2.910 2.661

(0.142) (0.176) (0.096) (0.116) (2.001) (1.004) (0.670) (3.311) (4.021)

FDI 0.930*** 1.760*** 2.401*** 1.212** 3.462* 2.721* 3.001 2.954 1.365

(0.021) (0.124) (0.101) (0.169) (1.351) (1.019) (3.097) (3.001) (2.019)

GOV 1.116*** 0.943*** 0.771* 1.730*** 0.891*** 0.541* 0.943*** 1.402* 0.673*

(0.009) (0.005) (0.332) (0.011) (0.010) (0.219) (0.119) (0.614) (0.299)

CAP 1.009*** 2.112 0.923*** 1.304*** 1.559 0.752** 2.003 0.996 1.007

(0.106) (3.288) (0.007) (0.178) (2.110) (0.252) (3.019) (1.035) (1.984)

LnRoad 0.762*** 0.991*** 0.753*** 0.711*** 0.810 0.973 1.001 1.029 0.665

(0.080) (0.058) (0.081) (0.062) (0.902) (1.102) (1.978) (2.009) (0.806)

FIN 1.079*** 0.780*** 0.881*** 1.003*** 0.769*** 0.562*** 0.922 0.832 1.014

(0.016) (0.008) (0.017) (0.012) (0.071) (0.018) (1.010) (0.901) (1.562)

Constant 11.103*** 9.211*** 8.877 9.141*** 7.943*** 10.210 6.976** 7.665 9.449

(0.266) (2.016) (9.041) (1.551) (1.032) (11.340) (2.114) (8.402) (10.152)

Fixed effects YES YES YES YES YES YES YES YES YES

Obs 1,047 1,047 1,047 954 954 954 889 889 889

R2 0.411 0.512 0.572 0.694 0.560 0.811 0.667 0.681 0.591

Cluster robust standard error in parenthesis. Significance: *p < 0.1, **p < 0.05, ***p < 0.01.

TABLE 3 | Mechanism test.

Variable Road accessibility Economic development

(1) (2) (3) (4) (5) (6)

TEC MI MW TEC MI MW

Product 0.049* 0.167** 0.188**

(0.020) (0.034) (0.062)

HSR*Product 1.566*** 2.100*** 1.304***

(0.107) (0.049) (0.056)

GDP per capita 0.661* 0.480*** 0.532***

(0.243) (0.117) (0.029)

HSR*GDP Percapita 1.212*** 1.703*** 1.005***

(0.009) (0.043) (0.089)

Control variables YES YES YES YES YES YES

Fixed effects YES YES YES YES YES YES

Obs 2,890 2,890 2,890 2,890 2,890 2,890

R2 0.344 0.276 0.414 0.378 0.430 0.259

Cluster robust standard error in parenthesis. Significance: *p < 0.1, **p < 0.05,

***p < 0.01.

years, respectively. If there is no significant effect of the high-
speed rail on the healthcare environment, then the control
and experimental samples meet the parallel trend and the
results are robust. Otherwise, the findings are not credible. The
results (Table 4) reported that interactive variable (HSR∗TIME)
is non-significant, verifying that the effect of the high-speed

TABLE 4 | Parallel trend test.

Variable (1) (2) (3)

TEC MI MW

HSR*TIME_before1 0.064 0.192 −0.154

(0.120) (0.330) (−0.249)

HSR*TIME_before2 0.881 1.972 1.001

(2.001) (3.664) (2.341)

HSR*TIME_before3 0.962 −4.012 1.760

(2.176) (−4.943) (3.087)

Control variables YES YES YES

Fixed effects YES YES YES

Obs 2,890 2,890 2,890

R2 0.433 0.390 0.426

Cluster robust standard error in parenthesis.

rail opening on healthcare environment in the original model
is robust.

Endogeneity Test
Although in the previous analysis we include a series of control
variables that affect healthcare environment and control for
fixed effects, which mitigate the endogeneity problem. It is
also essential to consider the endogenous problems between
the high-speed rail opening and healthcare environment.
To avoid possible endogeneity and serial correlation in the
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TABLE 5 | Endogeneity test.

Variable Use historical train stations as IV Add local rail passenger traffic

TEC MI MW TEC MI MW

HSR*TIME 1.081*** 1.207*** 0.998*** 1.114*** 1.066*** 0.749***

(0.020) (0.044) (0.012) (0.065) (0.087) (0.046)

Control variables YES YES YES YES YES YES

Fixed effects YES YES YES YES YES YES

Obs 2,890 2,890 2,890 2,890 2,890 2,890

R2 0.298 0.430 0.366 0.331 0.257 0.270

Cluster robust standard error in parenthesis. Significance: ***p < 0.01.

errors, this paper adopts historical train stations from 20
years ago as the instrumental variable for 2SLS regression
(32). In addition, we add local rail passenger traffic as
a control variable for further regression. From the results
(Table 5), it is possible to affirm that the model is valid
and sturdy.

CONCLUSIONS

This paper explores the impact of high-speed railway
opening on health care environment applying Difference-
in-Differences method (DID) in China. The empirical results
highlight that high-speed railway opening has a significant
positive effect on public health care environment. And the
performance of the eastern region is better than that of the
central and western regions. Finally, the article examines the
mechanisms by which the opening of high-speed rail affects
the health care environment. High-speed rail enhances the
health care environment by improving road accessibility and
economic development.

The results of the article have important policy implications.
Firstly, the opening of the high-speed railway should be used as
an opportunity to better ’bring in’ and ’go out’ medical resources.
Specifically, we should strengthen exchanges with developed
medical regions to learn about advanced medical technology and
management. At the same time, we should also pay attention
to the introduction and training of high-level medical talents
and resources. Secondly, as there are differences in the level

of medical development in different regions, local governments
should actively encourage medical cooperation between medical
institutions to promote the spatial spillover of the health effects
of the opening of the high-speed railway. Thirdly, in addition
to directly improving health care conditions, the government
should also work to improve the overall living environment
in other areas such as economic development and financial
development, thereby increasing the locational advantage and
attracting the construction of the high-speed rail, which in turn
will lead to improved medical conditions. Ultimately, this will
lead to a virtuous cycle of improving the health care environment.
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This article explores the impact of health human capital on the poverty trap in

Sub-Saharan Africa by autoregressive distribution lag model. In the long run, there is

no evidence that health human capital can help the Sahara out of the poverty trap. While

health human capital has a significant effect on poverty reduction in the short term. There

is a threshold effect in the poverty reduction model of healthy human capital. When the

economic development level reaches the threshold, the effect of poverty reduction is

more obvious and deeper. The extended Solow economic growth model also proved

that if the external human capital breaks through the threshold, it can make developing

countries get rid of the poverty trap. Therefore, the economic development brought about

by health care expenditure must benefit the poor in Sub-Saharan Africa and allow them

to enjoy the welfare of social security.

Keywords: health human capital, poverty trap, Sub-Saharan Africa, ARDL, threshold

INTRODUCTION

The COVID-19 (coronavirus disease 2019) has caused enormous cost to mankind, reversing the
hard-won results of eliminating global poverty. According to the Poverty and Common Prosperity
report, the poverty rate is expected to rise in 2020, which is measured by the international poverty
line. There are 88 million to 115 million people likely to fall back into extreme poverty as a result
of the COVID-19 epidemic, which is the first phenomenon since 1998 and ending more than 20
years of continuous progress. The projected poverty rate in 2020 is between 9.1 and 9.4%, similar to
that in 2017. Therefore, the impact of COVID-19 is expected to reverse the progress of eliminating
extreme poverty for at least 3 years.

In Sub-Saharan Africa, poverty reduction is slower than the global average, but some countries
have also made impressive progress. For example, during 2004–2016, the extreme poverty rate
in Ethiopia decreased by 7%, confirming a positive trend since the early 2000s. In Kenya, the
proportion of people living below the international poverty line dropped from 44% in 2005 to
37% in 2015. And it fell from 23 to 13% between 2009 and 2015 in Namibia. Even so, among
the world economies that can measure poverty, 18 of the 20 poorest countries are still in Sub-
Saharan Africa, where extreme poverty is increasingly concentrated. Before the COVID-19 was
prevalent, millions of people in Sub-Saharan Africa were reluctantly able to escape extreme poverty.
People who have just emerged from extreme poverty are very vulnerable to epidemics, conflicts,
and climate change and are very easy to turn back poverty. Apart from South Asia, Sub-Saharan
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FIGURE 1 | Poverty trap model of economic growth.

Africa is the second most severely affected area by COVID-19. It
is estimated that 26 million to 40 million people will be plunged
into extreme poverty, which will be 7 years slower to achieve the
goal of zero poverty by 2030.

There are still some more serious health problems in Sub-
Saharan Africa. The incidence rate of malaria in this region is
219.13%, accounting for 90% of the total number of malaria
deaths worldwide. More than 60% of the world’s human
immunodeficiency virus/acquired immune deficiency syndrome
(HIV/AIDS)–infected people are in Sub-Saharan Africa, and
women and girls are still the most affected groups. Compared
with the global level, Sub-Saharan Africa has the highest
mortality rates for children younger than 5 years and infants.
In contrast, health care in Sub-Saharan Africa is inadequate.
In 2018, Sub-Saharan Africa’s health expenditure [% of gross
domestic product (GDP)] accounted for 5.09%, which is far
below 12.46% of theOrganization for Economic Cooperation and
Development (OECD) countries. Funding for the development
of the health care system has been reduced, which leads to
inadequate infrastructure maintenance and the shortage of
personal protective equipment, ventilators, intensive care unit
(ICU) beds and other medical necessities (1). Pheeha and
Umakrishnan (2) discovered that South African residents’ access
to high-quality health care is a privilege, which is open to only a
few people.

The WHO supports the view that improving the health
and longevity of the poor is a goal, which is a fundamental
goal of economic development and also a target to achieve
the goal of poverty reduction. Health is an essential factor of
human capital, which can have a positive impact on economic
growth (3, 4). A perfect medical social security system will
increase a country’s health human capital. From a macro point
of view, health investment can increase government health
investment and control environmental pollution, which is used
to achieve the purpose of reduce mortality, improve fertility,
and prolong life span. At the micro level, health investment can

improve the physical condition of workers and optimize their
consumption decisions by increasing food and medical expenses.
Health human capital investment can create a living environment
through social securitymeasures and achieve inclusive growth for
the poor, which may reverse the increase in poverty caused by
the COVID-19 crisis and prevent other vulnerable groups from
falling into extreme poverty. Therefore, in addition to continuing
economic aid, it is also a good way to provide health human
capital assistance to help the Sahara region get rid of poverty trap.

The study makes three contributions. First, Sub-Saharan
Africa has always been the region with the most serious poverty
problem in the world, and the impact of COVID-19 is just
like adding to one disaster after another, which brings great
challenges to the local medical and health environment. Based on
this, this article takes the government’s health care expenditure
as the investment of health human capital, and finds that it
plays an active role in reducing the incidence of poverty. The
conclusion encourages Sub-Saharan Africa to strengthen the
health care system and prevent some vulnerable groups from
falling into poverty trap by sudden COVID-19. Second, we
observe the long- and short-term effects of health human capital
on poverty by autoregressive distribution lag (ARDL) model. In
the long run, health human capital does not show a positive effect.
Current projections assume that Sub-Saharan Africa cannot
achieve the sustainable development goal of reducing extreme
poverty to<3%, unless income inequality is solved throughmore
inclusive growth (5). In the short run, health human capital
can significantly help Sub-Saharan areas out of the poverty trap.
This is consistent with the extended Solow economic growth
model. Finally, there is a threshold effect in the poverty reduction
model, and the elasticity coefficient of health human capital is
different before or after the threshold value. When the economic
development level exceeds the threshold value, the impact of
health human capital on reducing the incidence of poverty is
deeper, and the effect is better.

The rest of this study is organized as follows: Literature review
reviews the existing literature, whereas Extended Solow growth
theoretical model presents the influence mechanism of human
capital on poverty trap. Methodology and data describes the
ARDL model in this article and the data description. Empirical
results shows the findings of the study. Conclusions offers
concluding remarks.

LITERATURE REVIEW

Poverty is dynamic, which is increasingly regarded as a multilevel
structure in recent years. The shocks of COVID-19 have
deepened the poverty trap. Bich et al. (6) found that the poverty
trap brought by COVID-19 is formed by the obstacles to
prevention, the fragility of financial chaos, financial uncertainty,
and the catastrophic cost that people are trying to cope with.
Li et al. (7) studied the impact of COVID-19 on Rural China,
especially in poor areas, and thought that it increased the
vulnerability of farmers in poor areas to multidimensional
poverty. According to Goenka and Liu (8), the endogenous
epidemic of diseases determines the human capital accumulation,

Frontiers in Public Health | www.frontiersin.org 2 June 2021 | Volume 9 | Article 69782690

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Wang et al. Health Human Capital and Poverty Trap

which is also one of the reasons for economic growth or poverty
trap. Countries in poverty trap are mainly found in Sub-Saharan
Africa, which have low human capital and high incidence rate of
infectious diseases. This view also expounds the important role
of human capital in poverty. Antonio et al. (9) concluded the
existence of poverty trap and believed that it was determined by
the level of per-capita capital stock.

Persistent poverty is related to poor health behaviors, and
health is also a factor of human capital (10). Callander et al.
(11) revealed that in the case of poor health or education,
these capacity constraints may become obstacles to their labor
force participation and lead to a decline in the quality of life.
Daepp and Arcaya (12) also proved that poor health limits an
individual’s ability to work, reduces economic opportunities, and
leads to low income. Ogundari and Abdulai (3) showed that a
better educated and healthier workforce is more likely to create
and adopt new technologies. Oshio (13) searched for a poverty
line that maximized the likelihood of the logistic regression
model to explain poverty. The results suggest that there is a risk
that the conventionally defined poverty line may underestimate
poverty in terms of population health. Patel et al. (14) found that
economically disadvantaged people were more likely to live in
overcrowded homes, which is a risk factor for lower respiratory
tract infections.

The emphasis on health and medical care of one country is
also the main reason to reduce poverty. Dirgha and Sabina (15)
supported the role of public health expenditure in reducing rural
poverty. Caminada (16) still proved a strong negative relationship
between the level of social expenditure and poverty. Gnangnon
(17) pointed out that fiscal redistribution has a positive impact
on poverty in developing countries, but for the least developed
countries, it leads to the reduction of poverty rate. Viju and
Wullianallur (18) showed that through careful investment in
health care, American states can increase income, GDP, and
productivity and reduce poverty.

In the economic growth model, health and material human
capital have an impact on economic growth (19–22), and
economic growth is an important means of poverty reduction
(23–27). Therefore, the impact of health human capital on
poverty through the regulation of economic growth has also been
widely concerned. Because economic growth reduces poverty,
Anand and Ravallion (28) considered the positive impact of
GDP growth on health. Therefore, for poorer countries, the
relationship between GDP growth and public health should
be stronger, if the government takes appropriate measures to
increase health expenditure and technological progress, while
reducing poverty rate, infant mortality rate, and fertility rate.
Jayadevan (29) revealed that health human capital in developing
countries can have a significantly positive impact on economic
growth. Cooray (30) proved that health has a significantly
positive impact on the economic growth of middle- and high-
income countries. At the same time, the health capital of low-
income economies can obtain a significant position only through
the interaction of education and health expenditure. Biggs et al.
(31) revealed that GDP growth has a significantly positive impact
on population health. However, the strength of this relationship
is strongly affected by changing levels of poverty and inequality.

Akingba et al. (32) concluded that if health capital expenditure
is increased, Singapore’s economic growth can be significantly
improved. This can ultimately have a significant impact on
human productivity, thereby increasing per-capita output. If
there are feasible strategies to reduce diseases in low-income
groups, such as monitoring the health status of the poor and
extending Medicaid, Kim (33) suggested that this can make the
poor get better medical services.

In addition, there is a threshold effect in the relationship
between human capital and economic growth. As health
investment may crowd out physical capital investment and affect
the accumulation of physical capital, Gong et al. (34) found that
excessive investment in health may have a negative impact on
economic growth. Çepni et al. (35) proved that the effect of
human capital on economic growth is positive when the ratio
of human capital to material capital is low, whereas if it exceeds
a threshold, the effect becomes negative. Zhang et al. (36) also
pointed out the existence of this threshold effect. Whether the
level of human capital is too low or too high, social security
is conducive to sustained economic growth. However, if the
level of human capital is in the medium level, the role of
social security is very weak. Bertrand (37) indicated that the
economic benefits of the return on investment in education can
be utilized in the region of the Economic Community of Central
African States, which has not reached the level of human capital.
Asongu et al. (38) suggested that policy makers can use policy
thresholds to promote inclusive and sustainable development in
Sub-Saharan Africa.

The prior literature provides some inspiration. First, although
health is an element of human capital, whether it can benefit
from the poor to achieve revenue growth is a problem worthy
of discussion. Bekana and Keun (39) used the example of
Ethiopia to confirm the point that pro-poor growth is good
for poverty eradication if it can be achieved. Secondly, the
existing research focuses only on the formation of poverty
trap. However, poverty itself has a great continuity and is very
vulnerable to its own influence. The ARDL–error correction
model (ECM) model can analyze the long- and short-term effects
of health on poverty and also observe the impact of poverty
lag. Finally, the literature mainly studies the causal relationship
between health and poverty, but the poverty trap theory also
emphasizes the existence of threshold effect. Therefore, it is
necessary to consider the threshold effect of economic growth in
the poverty model.

EXTENDED SOLOW GROWTH
THEORETICAL MODEL

Consider an extended Solow growth model with health
and education human capital. Assuming that the production
function is

Y (t) = K(t)αE(t)βH(t)γ (A (t) L (t))1−α−β−γ (1)

where Y is total output, K is total material capital, E is education
human capital, H is health human capital, L is labor force, A is
technical level, and t is time. α, β , and γ are positive parameters
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FIGURE 2 | Trends in health human capital and poverty rates from 2000 to 2019.

<1, and α + β + γ < 1. Suppose that the population L and
technical level A of a country grow at a fixed growth rate n and g,
respectively (40).

ŷ, K̂, ê and
⌢

h are, respectively, used to express per-capita
effective output, material capital, education human capital, and
health human capital. According to Equation (1), Equation (2)
can be obtained. Therefore, after controlling the material capital
and educating human capital, there is a correlation between
healthy human capital and economic output (41).

⌢
y (t) =

⌢

k(t)α
⌢
e(t)β

⌢

h(t)γ (2)

As we know, human capital in developing countries leads to a low
level of stability, which results in the “poverty trap” of economic
growth. If someone tries to break this stable state, the economy
tends to return to a low level, it is called poverty trap. Figure 1
shows the poverty trap model of economic growth induced by
insufficient human capital.

It is assumed that the production function f(h) presents
diminishing returns when human capital h is very low, increasing
returns for h in the middle region, and constant or decreasing
returns when h is very high. Therefore, the average saving rate
sf(h)/h has three intersections with the straight line (n+ δ),
respectively, delivered at h∗L, h∗M, and h∗H, in which h∗L is a
stable state similar to the neoclassical model.

h∗M is an unstable equilibrium state. As long as the initial
human capital level h deviates from h∗M, the deviation will be
larger. The economy eventually tends to decrease in return, so
the curve sf(h)/h and the linear (n+ δ) transaction point h∗H.
Similar to h∗L, h∗H is a stable state. As long as the level of human
capital is around h∗H (h > h∗M), it will converge to this point.
h∗L represents the low level of human capital. When h < h∗M,

economy will converge to the low level of stable state h∗L, which
leads to the economy developing slowly. If there is an influx
of foreign human capital, as long as it is not enough to break
through the critical value of h∗M, it will return to h∗L in the long
run, which is the so-called poverty trap. If the growth model of
poverty trap is in line with the reality, developing countries must
make the level of human capital exceed the critical value h∗M to
get rid of the poverty trap. Therefore, only when the government
increases the investment of health human capital can the Sahara
countries break through the economic shackles and get rid of the
poverty trap.

METHODOLOGY AND DATA

Methodology
Poverty itself has a lot of stickiness, and it is easy to be affected
by the early stage, so it will take a long time for human beings to
reduce poverty. The impact of health human capital on poverty
must be considered separately in the short or long term, and
the ARDL boundary test method proposed by Pesaran et al.
(42) totally matches our idea. Compared with the traditional
test method, the ARDL method has the following advantages.
First, the sequence to be tested does not need to be of the same
order, which can be I (0) or I (1). Second, ARDL model is robust
enough to test small samples, and when the explanatory variables
are endogenous variables, it can also get unbiased and effective
estimates. Third, the ARDL model can derive the dynamic ECM
through simple linear transformation and combine short-term
with long-term effect (43).

The first step is to test the stationarity of time series. If
the sequence is I (0) or I (1) process, the ARDL boundary
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cointegration test can be carried out by Equation (3) (44).

1LnPt = α0 +

n
∑

i=1

α1i1LnPt−i +

n
∑

i=0

α2i1LnHt−i

+

n
∑

i=0

αkiControlt−i + α61LnPt−1

+α71LnHt−1 + αm1Controlt−1 + µi (3)

P is the incidence of poverty, H is the health human capital,
control is the control variables, and 1 is the first-order difference
item; α1,α2,αki is the short-term dynamic relationship; and
α6,α7,αm is the cointegration relationship between variables.

If it is confirmed that there is cointegration relationship
between variables, the second step is to analyze the long-term
relationship between variables through ARDL model. It is worth
noting that the coefficient estimation in Equation (3) is only
used to determine whether there is a long-term relationship, and
the coefficient in Equation (4) is used to estimate the size of
long-term effect.

1LnPt = α0 +

n
∑

i=1

α1iLnPt−i +

n
∑

i=0

α2iLnHt−i

+

n
∑

i=0

αmiControlt−i+µi (4)

The poverty trap is explained by the lagged value of poverty
itself and the current or lagged value of explanatory variables.
α1i is the influence of poverty’s lag value on its current period.
α2i is the long-term effect of the change of health human capital
on poverty. αmi is the long-term effects of changes in control
variables on poverty.

The third step is to derive ARDL-ECM model, and
the Equation (5) is to analyze the short-term effects
between variables.

1LnPt = α0 +

n
∑

i=1

α1i1LnPt−i +

n
∑

i=0

α2i1LnHt−i

+

n
∑

i=1

αkiControlt−i + ECMt−1 + µi (5)

The coefficients are the short-term effects of the variables
on poverty. ECMt−1 is the lag error correction factor, which
indicates the self-correction speed of the economic system.

Data
This article is based on the data of Sub-Saharan African countries
for 2000–2019, and it is retrieved from world development
indicators. The choice of starting period is limited by data
availability. According to the latest poverty line standards
published by the World Bank, the standard line of extreme
poverty is <$1.9 per person per day; the poverty line of
developing countries is <$3.2, and that of the developed
countries is <$5.5. Sub-Saharan African countries are all

developing countries. Therefore, this article calculates the
proportion of the poor population (P) by using the poverty line
below $3.2 per person per day. Health human capital (H) is
measured by domestic general government health expenditure
(% of GDP). Health expenditure is a major determinant of health
outcomes (45, 46).

Figure 2 shows trends in health human capital and poverty
rates in Sub-Saharan Africa from 2000 to 2019. It can be seen
that the incidence of poverty in Sub-Saharan Africa is declining,
from 58.4% in 2000 to 40% in 2019. Sub-Saharan Africa has
benefited from the efforts of the international community and
made effective progress in poverty reduction. Based on historical
links and practical needs, developed countries provide aid to
Africa through multilateral institutions (such as the World
Bank, the European Union, the African Development Bank,
the International Monetary Fund, and the United Nations) and
bilateral assistance. The 35 members of the OECD Development
Assistance Committee are the main donors of developed
economies to Africa. Therefore, with the joint efforts of African
countries and the international community, their economic
development achievements cannot be ignored.

The health human capital displays a low fluctuation, only
rising from 1.65% in 2000 to 1.92% in 2019, while the current
health expenditure (% of GDP) of middle- to high-income
countries is 5.74%, which is three times that of Sub-Saharan
Africa. As a result, the health care expenditure in Sub-Saharan
Africa is very poor, which inevitably leads to the low level of
health human capital (47). Investment and recurrent expenditure
in the health sector are affected by funding shortages, high
costs, limited government revenue, and poverty. As of 2019,
the funding gap for health care sector in Sub-Saharan Africa is
US $66 billion. Meanwhile, poor sanitation led to Sub-Saharan
Africa’s burden of global incidence rate (tuberculosis, malaria,
and HIV/AIDS), mortality (maternal and child mortality), and
low life expectancy.

In addition, we have control of variables. Since the beginning
of the 21st century, population aging has put forward higher
requirements for the improvement of social security system in
developing countries, and the aging problem in Sub-Saharan
Africa is becoming more and more serious (48). For example,
the average age of farmers is estimated at 60 years in Kenya.
This is one of the main reasons for falling into the poverty trap.
In this article, the population 65 years or older (% of the total
population) is regarded as the standard of aging. Education and
health are considered to be the two major investments in the
concept of human capital. Education (EDU) also has an impact
on a country’s economic development (49). The role of education
expenditure (% of GNI) in poverty reduction is also crucial (50).
Obviously, the GDP is also an important indicator of a country’s
poverty situation (25, 26). Table 1 shows the descriptive statistics
of variable. The average incidence of poverty is 72.7105%, which
is a very high proportion and deserves attention. The standard
deviations for P and GDP show that they change greatly over
time. The positive skewness of the values indicates that P and
AGE have right-skewed distributions. The kurtosis of all variables
is >1.5, which reveals that the distributions are far from normal.
Furthermore, the Jarque–Bera index indicates that variables
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TABLE 1 | Descriptive statistics for variables.

Variables Mean Min Max Std. Skewness Kurtosis Jarque-Bera

Poverty rate (P) 72.711 66.700 79.100 4.176 0.122 1.628 1.538***

Health human capital (H) 1.790 1.468 1.941 0.114 −1.167 4.284 5.615***

GDP 1511.438 1220.836 1698.456 165.463 −0.497 1.799 1.924***

Education expenditure (EDU) 3.373 3.074 3.611 0.154 −0.213 1.978 0.971***

Aging of population (AGE) 2.947 2.905 3.005 0.032 0.637 2.003 2.074***

***Represent the significance levels of 1%.

TABLE 2 | ADF Unit root test.

Variables t-statistics p-value Conclusion

P 0.285 0.909 unstable

1(P) −3.830 0.012 stable

H −2.947 0.059 stable

1(H) −5.361 0.001 stable

GDP 1.082 0.999 unstable

1(GDP) −3.929 0.003 stable

EDU −3.682 0.015 stable

1(EDU) −3.271 0.036 stable

AGE −0.117 0.988 unstable

1(AGE) −15.721 0.000 stable

1Represents the first order lag of the variable.

are significantly non–normally distributed at the 1% level. The
empirical analysis uses the natural logarithm of the variables.

EMPIRICAL RESULTS

ARDL Empirical Results
Although ARDL model does not require all sequences to be
single integral of the same order, it requires that the order of
variables cannot exceed I (1). Pesaran et al. (44) proposed that the
boundary value of F statistic is calculated based on the sequence
I (0) or I (1). If the sequence exceeds I (1), the F statistic to
determine whether there is a cointegration relationship will be
invalid. In this article, the augmented dickey-fuller (ADF) test is
used to determine the order of single integer (51). The results
are shown in Table 2, although each sequence is not a single
integration process of the same order, and the highest order is less
than I (1), which satisfies the precondition of ARDL boundary
cointegration test.

The ADF test results showed that H and EDU were I
(0), and other variables were I (1). The traditional Engel and
Granger and Johansen cointegration test does not work. For
this reason, this article uses the boundary cointegration test
method proposed by Pesaran et al. (42) for further analysis. AIC,
SC information criterion, and bounds test provide an effective
method to determine the lag order of ARDL-ECM model. The
optimal lag order of each difference item is determined to be
2. The F statistic in the bounds test method can determine the

TABLE 3 | Co-integration test.

Significance level 10% 5% 1%

I (0) I (1) I (0) I (1) I (0) I (1)

critical value 2.450 3.520 2.860 4.010 3.740 5.060

F-statistic 10.408

TABLE 4 | Long-term estimation results of ARDL.

Variables Coefficient Std. t-statistics p-value

1(H) −0.008 0.022 −0.392 0.702

1(GDP) −0.436 0.146 −2.996 0.010

1(EDU) −0.049 0.042 −0.951 0.359

1(AGE) 0.980 0.450 2.176 0.049

C −0.002 0.003 −0.828 0.423

R2 0.428

1Represents the first order lag of the variable.

existence of cointegration relationship, and the results are shown
in Table 3.

The F statistics of boundary test are higher than the
highest critical value of 1% level, indicating the long-term
cointegration relationship between poverty and explanatory
variable. Therefore, the long- and short-term coefficients among
variables can be further estimated by using the ARDL model.

Table 4 shows the long-term estimation results of ARDL
(1,1,2,2). The elasticity coefficient of H is −0.008, which is
not statistically significant. In the long run, health human
capital cannot help the Sahara out of the poverty trap. Gong
et al. (34) proved that the introduction of health into Romer
(1986) endogenous growth model may lead to the existence of
development trap, which means that only in economies with
initial capital higher than a certain level growth will continue.
Most countries in Sub-Saharan Africa are at a low level of
economic development, which has inhibited the effectiveness of
governments in improving income and inequality in poverty
reduction (52). Therefore, the introduction of health human
capital into the economy may lead to poverty trap in the
economy. Fan et al. (50) also put forward that government
expenditure on health has no significant impact on agricultural
productivity growth or rural poverty reduction. It is not simply
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TABLE 5 | Short-term estimation results of ARDL.

Variables Coefficient Std. t-statistics p-value

1 [P (−1)] 0.851 0.199 4.271 0.051

1(H) 0.014 0.009 1.585 0.254

1 [H (−1)] −0.038 0.010 −3.868 0.061

1(GDP) −0.422 0.051 −8.264 0.014

1 [GDP (−1)] 0.623 0.123 5.066 0.037

1 [GDP (−2)] 0.170 0.059 2.885 0.102

1(EDU) 0.049 0.017 2.861 0.104

1 [EDU (−1)] 0.065 0.022 2.871 0.104

1 [EDU (−2)] 0.045 0.018 2.493 0.130

1(AGE) −1.713 0.171 −10.042 0.010

1 [AGE (−1)] 1.462 0.265 5.516 0.031

1 [AGE (−2)] 1.156 0.268 4.307 0.050

ECM (−1) −2.669 0.274 −9.754 0.010

C −0.007 0.002 −4.107 0.055

R2 0.993

1Represents the first order lag of the variable.

true that public health spending is unimportant, but government
effectiveness and bureaucracy quality determine whether public
spending will have a major impact on health outcomes (53).
Akinlo and Sulola (54) suggested that health spending has
not translated into an improvement in the mortality rate of
children younger than 5 years in Sub-Saharan Africa, which may
reflect the high level of corruption and alternatives to public
health spending. In a nutshell, health human capital cannot
help Sub-Saharan Africa out of poverty trap in the long run,
which is closely related to local income inequality, government
corruption, and inefficiency.

As expected, economic growth and slowing down the aging
have had a significantly positive impact on getting rid of the
poverty trap; elasticity coefficients of GDP and AGE are−0.4359
and 0.9801, respectively. Facts have proved that economy and
young labor force are the important factors to get rid of poverty.
The elasticity coefficient of EDU is negative, but it is not
statistically significant, which has no return on poverty reduction
for the time being.

Table 5 shows the short-term estimation results of ARDL (1,
1, 2, 2). The elasticity coefficient of the P (−1) is 0.851, which
is significant at the level of 10%. It verifies that the inducement
of poverty trap is easily affected by the previous period and has
considerable stickiness. The medical poverty trap refers to a state
of self-continuation, in which the poor face greater risk of ill
health. In turn, poor health increases the likelihood of poverty
through out-of-pocket costs for public and private health services
(55, 56). The road to get rid of the poverty trap in Sub-Saharan
Africa is very difficult.

The elasticity coefficient of the H (−1) is −0.038, which is
significant at the level of 10%, indicating that health investment
is of great help to get rid of the poverty trap. In order to treat
sick family members, nearly one-third of households had to
use savings or loans to pay for medical expenses in a specific

TABLE 6 | Threshold test results.

Threshold value Variable Coefficient t-statistics p-value

GDP<7.3843 H −0.764 −2.284 0.039

GDP≥7.3843 H −1.295 −3.890 0.002

AGE 2.051 1.062 0.306

EDU 1.379 3.161 0.007

C −0.337 −0.171 0.867

R2 0.911

group of low-income countries (11). In Sub-Saharan Africa,
government health spending focuses on the prevention and
treatment of HIV/AIDS, malaria-related diseases, and advocacy
for a healthy living environment. It has a significant impact
on long-term growth and poverty reduction and has a direct
impact on the well-being of the poor. The Ugandan government
has substantially increased its budget allocation for primary
health care through the poverty alleviation action fund, which is
dedicated to improve the welfare of the poor. After the outbreak
of Ebola in West Africa in 2014–2015, the World Bank helped
establish the African Center for Disease Control and many
national public health institutions, which is now playing a role in
dealing with COVID-19. Strengthening the primary health care
system can reduce disease-related financial risks and improve
equity, thereby helping countries provide quality and affordable
health services, which has a great effect on getting rid of the
poverty trap.

Among the control variables, GDP has a negative impact on
the incidence of poverty in the current period, and the elasticity
coefficient is −0.422, which is significant at the level of 10%.
In recent years, inclusive growth for the poor may have great
benefits in reversing the aggravation of poverty caused by diseases
(57) and preventing other vulnerable groups from falling into
extreme poverty. Edriss and Chiunda (58) found that the poverty
level in Malawi seems to have a significant response to GDP. In
the long run, economic growth is the key to alleviating extreme
poverty, because it creates resources to increase income.

The elasticity coefficient of EDU is positive, but not significant.
The possible reason is that health care expenditure has a
crowding-out effect on education. In the Sub-Saharan region,
people are still in the stage of seeking to solve the problem of
food and clothing, and they do not pay enough attention to
education. The secondary school enrollment rate (% of the total
population) only reaches 43% in 2019, compared with the world
average of 76%.

The process of population aging hinders the effect of poverty
reduction, the elastic coefficients of AGE (−1) and AGE (−2)
are 1.462 and 1.156, respectively, which are significant at the
level of 10%. No matter in the absolute sense, or relative to
other groups, the elderly is relatively poor and prone to poverty.
In Sub-Saharan African countries, a considerable number of
elderly people continue to engage in economic activities and are
active in agriculture. Capacity constraints make their economic
output very low (49). Callander and Schofield (59) proved that
for those younger than 70 years, developing heart disease is
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FIGURE 3 | CUSUM stationarity test.

associated with an increased risk of falling into both income
poverty and multidimensional poverty. If we want to reduce
poverty and hunger sustainably in the region, population aging
is a serious problem.

According to the poverty trap theory, there is a threshold
effect in all countries, regions, and individuals. Whether it is
production technology, material capital, human capital, or other
medical and social assistance, economic mechanism will work
only after this threshold is reached, and people can get rid of
poverty trap. The specific threshold value of different countries,
regions, or individuals depends on the specific politics, economy,
culture, environment, and resources. Therefore, this article takes
GDP as the threshold value, and the results are shown in Table 6.

In the process of establishing long-term equilibrium equation
and cointegration test, the parameters to be estimated are usually
fixed by default. In fact, the time-series model may have the
problem that the estimated parameters fluctuate with time.
In order to avoid that the reliability of the model setting is
questioned due to the instability of parameters, this article tests
the stability of the parameters by CUSUM and CUSUMSQ.
These two tests are conducted at the 5% significance level. From
Figures 3, 4, it can be seen that CUSUMandCUSUMSQ statistics
are not deviated from the boundary range, which shows that
the coefficients of the ARDL model are stable and the reliability
is high.

The threshold test results show that when GDP <7.3843,
the elasticity coefficient of H is −0.764; When GDP ≥7.384,
the elasticity coefficient of H is −1.295, which are all
significant at the level of 10%. That means the poverty
reduction effect of health human capital is affected by the

FIGURE 4 | CUSUMSQ stationarity test.

level of economic development, and there is a threshold
effect. The effect of poverty reduction is related to the
level of economic development. Because of the existence
of threshold effect, the economy has multiple equilibriums.
Countries that cannot make full use of health human capital
will fall into the poverty trap, whereas abundant capital
will get more wealth and jump out of the poverty trap.
Globally, low-income levels inhibit the effectiveness of improving
income and inequality in poverty reduction in many African
countries (52).
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TABLE 7 | ARDL test results (poverty gap as dependent variable).

Variable Coefficient Std. t-statistics p-value

Long-term

estimates

1(H) 0.009 0.059 0.159 0.876

1(GDP) −1.838 0.184 −9.982 0.000

1(EDU) −0.251 0.109 −2.309 0.037

1(AGE) −2.890 0.929 −3.110 0.008

C −0.008 0.008 −0.988 0.341

R2 0.579

Short-term

estimates

1 [PG (−1)] −0.108 0.260 −0.416 0.699

1(H) −0.160 0.122 −1.315 0.259

1 [H (−1)] −0.067 0.070 −2.951 0.096

1(GDP) −0.623 0.527 −1.183 0.302

1 [GDP (−1)] −0.208 0.644 −0.324 0.762

1 [GDP (−2)] 0.618 0.361 1.711 0.162

1(EDU) 0.256 0.229 1.121 0.325

1(AGE) −1.934 1.059 −1.826 0.142

1 [AGE (−1)] 0.624 1.056 0.591 0.587

1 [AGE (−2)] 2.448 1.723 1.421 0.229

ECM (−1) −1.104 0.421 −2.626 0.058

C −0.030 0.017 −1.764 0.153

R2 0.908

1Represents the first order lag of the variable.

Robustness Check
Poverty gap reflects the degree of income inequality in Sub-
Saharan Africa, which refers to the ratio of the average income
below the official poverty line. By 2017, the poverty gap in Sub-
Saharan countries was 15.6%, whereas the world average was
2.9%. If Sub-Saharan countries want to get rid of the poverty trap,
narrowing the poverty gap should also be considered. Therefore,
robustness check takes poverty gap as dependent variable in
Table 7 and provides a new idea for poverty reduction programs
in Sub-Saharan countries.

In the long run, health human capital has not played
a significant role in improving the income gap in Sahara
countries. However, in the short term, the elasticity coefficient
of H (−1) is −0.067, which is significantly negative at the
level of 10%. It is similar to the conclusion with Table 5,
which proves the effectiveness of the results. Because of the
widespread inequality in health, education, and living conditions,
Africans have suffered more than others in terms of human
development. In recent years, many Sub-Saharan African
countries have experienced rapid economic growth, which raises
sharp questions about the distribution of opportunities and
benefits (49). The result is an imbalance in poverty reduction
among different groups, such as a big gap between urban
and rural areas. In 1992, almost 60% of the rural population
lived below the poverty line, whereas only 28% of the urban
population did. In 2018, nearly 40% of the rural population
is still below the poverty line, but the incidence of urban
poverty has dropped to 10%. It is clear that urban residents
have benefited more from the recent economic boom than
rural (60).

CONCLUSIONS

According to the research of the World Bank Group and WHO,
there is still approximately 400 million people without access to
basic health services in 2015, and 6% of the population in low-
and middle-income countries fell into extreme poverty or further
aggravated poverty due tomedical expenditure. Based on the data
of Sub-Saharan Africa from 2000 to 2019, this article uses ARDL
method to explore whether the health human capital formed
under the health care expenditure can effectively help the region
out of the poverty trap in the long and short term.

In the long run, there is no evidence that health human capital
can help the Sahara out of the poverty trap, which is closely
related to local income inequality, government corruption, and
inefficiency. As Roseman (1972) emphasized, a person buys
medical services to maintain “good health.” Therefore, if “health”
is a normal commodity, then health investment will continue to
increase in the process of economic growth and may squeeze
out physical capital investment, thus damaging economic growth
in the long run. In the short run, the lag of poverty has a
considerable stickiness to the current poverty, which reflects
the self-continuity of poverty trap, and increases the difficulty
of poverty reduction. Health human capital has a significant
effect on getting rid of poverty. The government’s medical and
health expenditure is used to treat and prevent diseases, improve
the living conditions of the poor, or save the high amount
of medical expenditure in the household savings, which are
of great help to get rid of the poverty trap. There also has
a threshold effect in the poverty reduction model of healthy
human capital. When the economic development level reaches
the threshold, the effect of health human capital in helping Sub-
Saharan areas get rid of poverty trap is more obvious and deeper.
The extended Solow economic growth model also proved the
views. Nomatter in the long- or short-term conditions, economic
growth has a significant help to get rid of the poverty trap, which
is consistent with the research conclusion of Gong et al. (34). The
development of aging population hinders the effect of poverty
reduction. Therefore, Sub-Saharan Africa must pay attention to
the serious problem of aging. Education expenditure does not
show significant effect for the time being, which may be related
to the crowding-out effect of health expenditure.

One of the basic contents of universal health coverage is to
achieve universal health protection and protect all people from
health threats. Every year, millions of people fall into poverty
because of the high cost of out-of-pocket health care (12). Our
research also proves the significant effect of health human capital
on poverty reduction. In order to get rid of the poverty trap in
Sub-Saharan region, government needs to promote the national
health insurance and strengthen the health system as a whole
plan. When policy makers implement the medical security plan,
it should strive to spread more benefits to low-income areas and
bring benefits to the poor. At the same time, the government
should also pay attention to improving work efficiency and
integrity. At the same time, considering that health human capital
will cross a threshold of economic development level and bring
different effects on poverty, Sub-Saharan countries must also be
aware of the important impact of health care expenditure on

Frontiers in Public Health | www.frontiersin.org 9 June 2021 | Volume 9 | Article 69782697

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Wang et al. Health Human Capital and Poverty Trap

economic growth, so as to establish a long-term sustainable social
security system.
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This paper explores the relationship of government health investment and household

consumption by applying a panel fixed effects model and Sobel-Goodman mediation

tests to inland Chinese provinces. The empirical results highlight that government health

investment has a crowding-in effect and can thus promote household consumption.

Furthermore, the promotion effect on non-medical health consumption is greater than

that on medical health consumption. The promotion effect of government health

investment on rural household consumption is higher than that on urban household

consumption, and the promotion effect on household consumption for northern

provinces is higher than that in southern provinces. This heterogeneous effect is closely

related to the difference between urban and rural development; and the economic levels

of the northern and South regions. The mediation tests found that government health

investment mainly promotes regional economic growth, and then increases household

consumption. In the economic and social development process, the government should

implement more effective medical and health care measures to increase social medical

and health investment to improve the consumption level of households.

Keywords: crowding-out, crowding-in, government health investment, household consumption, Sobel-Goodman

mediation tests

INTRODUCTION

The main purpose of this paper is to explore whether there is a crowding-out effect or crowding-
in effect between government health investment and household consumption. If there is an effect,
is it crowding-in or crowding-out? In recent years, with the development of the world economy,
China’s economy has also improved, which is reflected in the improvement of the country’s
household consumption. According to the health data of the China Statistical Yearbook, the
government health investment and disposable income of Chinese residents are increasing each
year, and the correlation between government health investment and household consumption is
more intuitive in the economic development process. With the economic growth, China’s medical
and health system has been constantly reformed to meet the needs of residents and the huge
demand for health security resulting from economic growth (1). Therefore, the government’s
health investment has triggered the transformation of the medical and health industry and
reduced the household medical and health consumption to a certain extent, which is reflected
in the changes in household consumption in the past 10 years. Studies have shown that
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increases government health investment may increase household
consumption (or increase non-medical and health consumption
consumption), mainly because an increase in government
health investment can improve the specialization of medical
equipment and services in society overall; that is, it reduces
household medical health consumption by improving social
welfare, and then expanding consumption in other aspects (2).
Furthermore, under the more specialized medical service system,
the health of residents can be improved, and a lager labor
force and more efficient working time will be created, which
can realize rapid economic growth and improve the per capita
disposable income of residents, and then affect the consumption
of residents (3). Therefore, there is a correlation between
government health investment and household consumption,
which has a significant impact on household consumption.
This study is helpful for policy-makers to pay attention to the
potential relationship between government health investment
and household consumption (including non-medical health
consumption andmedical health consumption). In the economic
development process, the government should adopt more active
medical policies to reduce the medical and health consumption
of residents, and increase non-medical health consumption.

For developing countries and low-income countries, the
financial burden caused by health consumption is an urgent
problem. Public investment in health in these countries is
relatively low, there are no proper safety net mechanisms,
and public health systems are poor quality. The proportion
of residents’ medical health consumption is high, and the
consumption expenditures are large. The effect of the increase
in medical health consumption is reflected in the decrease in
the share of non-food items such as education, entertainment
and clothing. Poor households in regions with high public
health expenditures have higher proportions of expenditures
and mainly reduce their expenditures on education while poor
households in regions with low public health expenditures have
reduced most of their non-food consumption (4). With global
population aging becoming increasingly more serious, there
is an “inverted U-shaped” relationship between government
investment in healthy aging and economic growth. Government
investment in healthy aging will increase the healthy human
capital held by the elderly and promote economic growth, but
it will also squeeze out the accumulation of material capital
and hinder economic growth. Economic growth has a direct
impact on household consumption, so the impact of government
health investment on household consumption is a “double-edged
sword.” While, it can promote an increase in consumption,
it may inhibit household consumption. This also explains the
mechanism of government health investment on household
consumption: government health investment improves the labor
supply in the market by increasing the proportion of healthy
human capital and increase the economic growth rate to
expand household consumption. In addition, government health
investments can also reduce per capita consumption by crowding
out physical capital accumulation when the economy is in a
steady state.

In the economic development process, the correlation
between government health investment and household

consumption can not be ignored. According to the classification
of China Statistical Yearbook, consumer spending is composed of
non-medical consumption and medical consumption. Research
shows that government health investment has a positive effect
on economic development, but there are also problems such as
relatively high population density and insufficient household
consumption. Although the living standards of urban and rural
residents in China have basically reached a well-off society,
the consumption of basic needs is still relatively high. Affected
by housing and other factors, the initiative of urban and
rural residents in health investment is obviously insufficient.
In addition, regarding future consumption, and household
consumption, there is a co-integration relationship between
government health investment and consumption. The imbalance
between them will be corrected in the short term. Figure 1
shows the relationship between household consumption and
government health investment. As can be seen from Figure 1,
China’s government health investment has increased year by
year. During the study period, it has increased by 1442.187 billion
yuan, reaching 1641.762 billion yuan in 2019, which is 8.23 times
the government health investment in 2007 (195.575 billion yuan).
This provides protection for national health.With the continuous
improvement of the consumption level of residents, the amount
of medical consumption expenditure is also increasing year by
year, which is reflected in the growing gap between household
consumption and non-medical consumption.

There was no parallel in history to the international
background of the outbreak of coronavirus disease 2019
(COVID-19), where economic policy uncertainty in various
countries has been higher than ever (5). The scale of the
“home economy” has expanded rapidly, and consumption in
restaurants, tourism, and sports fields has been suppressed,
which has had an unprecedented impact on the effect of China’s
health investment on household consumption. Although existing
studies have included different periods and different regions,
the conclusion shows that government health investment has
both positive and negative effects on household consumption,
and the specific effect is uncertain. This paper considers a panel
fixed effect model to explore the crowding-in or crowding-
out relationship between government health investment and
household consumption in inland provinces of China. In
addition, we also use the Sobel-Goodman mediation test to
further verify the mechanism between the two.

The remainder of the paper is structured as follows.
Section Literature reviews the existing literature, and section
Government health investment and household consumption
model presents the model designed in this paper. Section
Methodology describes the econometric approach employed in
this paper. Section Data describes the data. Section Empirical
results presents the findings of the study. Section Conclusions
offers concluding remarks.

LITERATURE REVIEW

Modern macroeconomic models suggest conflicting effects of
government spending on private economic activities (6). In a
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FIGURE 1 | Changes in government public health investment and household consumption. Data source: China Statistical Yearbook.

general model of consumption, there may be a crowding out
effect or crowding in effect between government spending and
private consumption (7), and we should allow for the direct
effect of government purchases of goods and services on a
consumer’s utility (8, 9). Therefore, the effect of government
purchases of goods and services on household consumption
is controversial theoretically and empirically (10). In the
traditional IS-LM model, the increase in government spending
leads to a heavier tax burden on residents, thus reducing
their disposable income and consumption (11, 12), which
shows that public consumption is a close substitute for private
consumption (13). Barro (14) stressed that public spending
has a substitution effect on private consumption. Basu and
Kimball (15) argued that in a New Keynesian model with
sticky prices, the negative wealth effect is so strong that
output also decreases when public spending on consumption
increases. Ahmed (16) used an intertemporal substitution model
to estimate the effects of government consumption using
UK data. He finds that government consumption tends to
crowd out private consumption. Ho (17) extended the existing
literature to panel data for OECD countries and used panel
cointegration methods to find that there is a significant degree
of substitutability between government spending and private
consumption when real disposable income is included. Amano
and Wirjanto (9) applied a relative price approach to estimate
the intratemporal elasticity of substitution between government
spending and private consumption. They found that in the US,
the elasticity of substitution between government spending and
private consumption is ∼0.9. Based on the analysis of group
samples from 145 countries, Furceri and Sousa (10) found that
government expenditures have a significant crowding out effect
on private consumption, and there are regional differences in

this negative effect. Kormendi (18) explores the permanent-
income approach and finds a significant degree of substitutability
between private consumption and government spending for the
United States.

However, many studies have shown that government spending
will crowd in household consumption (19). By modifying the
Keynesian model to allow the rule of thumb consumers to
coexist with traditional unlimited vision Ricardo consumers,
Jordi et al. (20) find that there is a positive effect of
government spending on consumption. Deficit reductions
engineered through cuts in public investment severely affect
private capital accumulation and growth prospects (21). Karras
(22) examined the impact of government expenditure on private
consumption. The results show that increased government
expenditures tend to promote private consumption, and the
two are complementary rather than substitutes. In other words,
government spending tends to raise the marginal utility of
private consumption. Nieh and Ho (23) used data from OECD
countries and found that there is a co-integration relationship
between private consumption and government expenditures,
and both of them are complementary, which indicates that
there is no crowding-out effect of expansionary government
expenditures on private consumption. Funashim and Ohtsuka
(6) find that considering the spatial spillover effect and regional
differences, government expenditures have a certain foundational
effect on private consumption. Khan et al. (24) revealed
that government spending have positive impact on private
consumption, and government spending has a positive impact
on private consumption, and government spending is a very
good instrument to boost the economy and encourage aggregate
demand in China during a recession. Tenhofen et al. (25)
found that government spending and private consumption are
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positively related to some extent, and the expected expenditure
impact has a significant impact on output when the impact
is realized.

In the actual health consumption process, in addition to
the consumption of residents themselves, government health
investment also needs to pay for their remaining health
consumption. Based on the perspective of bounded rational
persons, insurance can affect household consumption under
certain conditions. International research has considered the
impact of government health consumption on household
consumption from the perspective of public health insurance.
Edson et al. (26) took Mexican family medical services as the
breakthrough point and found that the prevalence of outpatient
consultation and drug use was the highest in the medical
service consumption category (11.2%), while the proportion of
health service consumption of uninsured families (8.4%) was
relatively low. Under the financial protection policy of Mexico,
the variety of medical services has been increasing, and the
poor have achieved gradually increased access to health care.
Through exploring the experience of public health insurance
in mitigating adverse effects related to health shocks, Liu (27)
finds that the Chinese family labor supply is an important
safeguard mechanism against health shocks but that obtaining
public health insurance helps families maintain high investments
in children’s human capital while facing negative health shocks,
that is, to ensure family education consumption. However,
the view that government health investment can promote
household consumption is not always confirmed. By comparing
the household survey data before and after the initiation of the
community health insurance programme in Ethiopia, Debebe
et al. (28) found that the purchase of health insurance can reduce
the vulnerability of families to self-financed medical health
consumption, but there is no actual evidence that participation
in the health insurance programme will have a positive impact
on household consumption.

In summary, the research results based on different countries
and different perspectives show that there is a correlation
between government health investment and household
consumption. However, it is unknown whether government
health investment has a crowding-in effect or crowding-out
effect on household consumption. Therefore, this paper will
focus on the relationship between the two in-depth.

Government Health Investment and
Household Consumption Model
In this paper, we assume a representative consumer who can live
indefinitely. The utility function is in the form of CRRA, and the
specific form is:

U =

∫ ∞

0

1

(1+ ρ)t
(Ct)

1−θ

1− θ
dt (1)

Here, θ is the relative risk aversion of consumers (θ > 0, θ 6= 1),

ρ is the discount factor (ρ > 0); and (Ct)
1−θ

1−θ
is the CRRA function,

representing the consumer’s current utility in period t. Since there
are two types of consumption studied in this paper and their

utility is also different, we rewrite household consumption (Ct)
into the following form:

Ct = (ct)
α (Mt)

β (Gt)
γ (2)

Here, ct is non-medical health consumption, Mt is medical
health consumption, and Gt is government health investment.
α,β and γ represent the correlation coefficients between non-
medical health consumption, medical health consumption and
government health investment, respectively.

This consumer pursues utility maximization, and the
maximized utility function is:

min
ct ,mt

U =

∫ ∞

0

1

(1+ ρ)t
[(ct)

α (Mt)
β

(Gt)
γ ]

1−θ

1− θ
dt (3)

subject to ct +Mt ≤ Wt − Tt (4)

Here, in the constraint condition,Wt is the income of consumers
in period t, Tt is the tax paid by consumers in phase t, and
Wt − Tt is the disposable income of consumers in period
t. For consumers, non-medical health consumption (ct) and
medical health consumption (Mt) are the decision variables of
consumers, and consumers can adjust consumption as they wish.
Government health investment (Gt) is an exogenous variable,
mainly based on government budget decisions. The Lagrange
function was used to derive the maximum utility function, and
the non-medical health consumption (ct) met the following first-
order conditions:

(1+ ρ)−t α(c∗t )
α(1−θ)−1(Mt)

β(1−θ)(Gt)
γ (1−θ) = λ (5)

Here, λ is the Lagrangemultiplier of the constraint condition, and
the natural logarithm is taken on both sides of Equation (5)

ln ct
∗ =

β(1− θ)

1− α(1− θ)
lnMt +

γ (1− θ)

1− α(1− θ)
lnGt

+
lnα

1− α (1− θ)
−

t

1− α (1− θ)
ln(1+ ρ)

−
1

1− α(1− θ)
lnλ (6)

The Lagrange function is used to derive the maximum utility
function, and the medical health consumption (Mt) meets the
following first-order conditions:

(1+ ρ)−t β(M∗
t )

β(1−θ)−1(ct)
α(1−θ)(Gt)

γ (1−θ) = λ (7)

Here, λ is the Lagrange multiplier of the constraint condition,
and the natural logarithm is taken on both sides of Equation (7)
to obtain:

lnMt
∗ =

α(1− θ)

1− β(1− θ)
ln ct +

γ (1− θ)

1− β(1− θ)
lnGt

+
lnβ

1− β (1− θ)
−

t

1− β (1− θ)
ln (1+ ρ)

−
1

1− β(1− θ)
lnλ (8)

Frontiers in Public Health | www.frontiersin.org 4 June 2021 | Volume 9 | Article 706937103

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Cheng et al. Economic Performance of Population Health

According to Equations (6) and (8), the elasticities of non-
medical health consumption and medical health consumption

to government health investment are β(1−θ)
1−α(1−θ)

and α(1−θ)
1−β(1−θ)

respectively. According to α > 0 and β > 0, when consumers
have a low degree of relative risk aversion (θ < 1) and a strong
preference for medical and health consumption (α < 1/(1 − θ),
government health investment will increase non-medical health
consumption (ct) and medical health consumption (Mt). When
the relative risk aversion of consumers is high (θ > 1) and
the consumption preferences of residents is weak, government
health investment will restrain the growth of the non-health
consumption (ct) and health consumption (Mt) of residents.
When consumers’ relative risk aversion is low (θ < 1) and
the preference for medical health consumption is also weak,
government health investment will promote non-medical health
consumption (ct), but the effect on medical health consumption
(Mt) is uncertain. Based on this, there may be a crowding-out
effect or crowding-in effect of government health investment
on household consumption. Therefore, this paper uses data
from inland provinces of China to conduct empirical tests
to analyse the impact of government health investment on
household consumption.

METHODOLOGY

Panel Fixed Effects Model
We construct a panel fixed effects model to test the influencing
factor of government health investment and household
consumption. According to the existing research, the panel fixed
effects model formally formulated as follows:

Cit = α0 + α1GHIit + α2Xit + µi + εit (9)

Here, GHIit is the government health investment; Cit is the
household consumption, including medical health consumption
and non-medical health consumption1; Xit is the control
variables; α1 and α2 are the coefficients of the variables; µi

denotes the fixed effect in different province under varying
conditions; εit is a white noise process compliance with εit ∼

(0, σ 2); and i and t denote the province and time, respectively.

Sobel-Goodman Mediation Tests
In order to more clearly analyse the path of government health
investment on consumer spending, this paper uses the sequential
regression test method to construct the mediating effect model
as follows:

Cit = α0 + α1GHIit + α2Xit + µi + εit (10)

Cit = β0 + β1GHIit + β2LGDPit + β3Xit + µi + εit (11)

LGDPit = γ0 + γ1GHIit + γ2Xit + µi + εit (12)

1According to the classification of China Statistical Yearbook, the consumption

expenditure of residents can be divided into two categories: medical consumption

and non-medical consumption. Non-medical expenditure includes food research,

clothing, living, living goods service, traffic information, education, culture and

entertainment, and other goods services, and medical treatment expenditure

includes medical and health care expenditure.

where GHIit is the government health investment; Cit is the
household consumption, including medical health consumption
and non-medical health consumption; LGDPit is the logarithm
of GDP; Xit is the control variables; α1, α2, β1, β2, β3, γ1 and γ2
are the coefficients of the variables; µi denotes the fixed effects
in different provinces under varying conditions; εit is a white
noise process compliant with εit ∼ (0, σ 2); and i and t denote
the province and time, respectively.

DATA

We used annual data from Chinese inland provinces from
2007 to 2019, with a total of 403 annual terms. Since the
government health investment data for most provinces of China
were collected starting in 2007, this sample covers a period
starting in 2007. The data sources are the National Bureau of
Statistics, the China Statistical Yearbook, and the China Financial
Statistics Yearbook. Most previous studies believe that household
consumption (HC) is the most important indicator to weigh
the level of consumption. Medical health care (HCM) and
non-medical health consumption (HCN) are separately used to
measure the level of consumption. In this paper, government
health investment (GHI) is the core explanatory variable. A large
number of empirical studies have demonstrated that the level
of government health investment has an impact on household
consumption. However, government health investment care is
also an expensive activity that does not guarantee potential
returns, which motivates us to study whether the impact of
government health investment on consumer consumption is
crowing-in or crowing-out.

Because uncertainty in external factors may affect the
relationship of variables (29), this paper introduced seven
control variables in this study. The first is the consumer price
index (CPI), which captures changes in the price levels of the
consumer goods and services generally purchased by households.
The rate of change in CPI reflects the degree of inflation or
deflation and individuals will weigh the costs and benefits of
spending on consumption capacity. The second control variable
is the logarithm of per capita disposable income (CI), which
is considered the most important determinant of consumer
spending. The third is urbanization (URB), which is measured by
the proportion of the urban population to the total population.
The level of urbanization reflects the degree of regional economic
development and is an important measure of the degree of
regional economic development. Generally, urbanization can
promote economic growth by expanding demand (30), and the
higher the degree of urbanization is, the higher the consumption
level of residents. This means that an increase in the urban
proportion of the population can drive a continuous increase
in overall consumption power (31, 32). The fourth is the
industrial structure (ISA), which is measured by the ratio of
the output value of the tertiary industry to the secondary
industry. The upgrading of the industrial structure refers to
the process in which the center of gravity of the industrial
structure is gradually transferred from the primary industry to
the secondary industry and the tertiary industry, marking the
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level, stage, and direction of a country’s economic development.
The fifth is infrastructure (INFS), which is measured in terms of
total rail mileage per million square kilometers and reflects the
development level of railway transportation infrastructure. The
sixth is the dependency ratio (DEP), which is measured by the
sum of the old-age dependency ratio and the young dependency
ratio. The larger the dependency ratio is, the greater the number
of dependents per worker is, which means the more serious the
dependency burden of the labor force is. To a certain extent,
upbringing has a certain impact on household consumption. The
seventh is the regional average housing price, which is measured

by the average price of commercial housing (HP). The cost of a
house purchase usually accounts for an important proportion of
household consumption and has a significant impact on it (33),
and through wealth channels and loan restrictions to influence
household consumption decisions (34).

Figure 2 shows the kernel density plot of government health
investment in different years. As Figure 2 shows, the nuclear
density curve continues to move to the right by year, and
the peak value first increases and then decreases. It has
basically stabilized since 2017 with 6 units on the abscissa
and 7 units on the ordinate, which intuitively reflects the

FIGURE 2 | Kdensity plot of government health investment.

FIGURE 3 | Scatter plot of government health investment and household consumption.
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government health investment in recent years presents an
upward trend.

Figure 3 shows the scatter plot of government health
investment and household consumption with the abscissa as
government health investment and the ordinate as household
consumption. As Figure 3 shows, the distribution of government
health investment and household consumption is concentrated
on the left side of the coordinate axis, and there is a linear
fitting relationship, indicating that there is a certain degree of
correlation between them.

Table 1 presents the statistical description of the variables.
As Table 1 shows, government health investment has a higher
mean value of 9.320 than medical health care at 6.607 and non-
medical health consumption at 9.289. This may be related to the
policy of expanding health investment in China. However, in fact,
the difference between government health investment and non-
medical health consumption is not obvious, that is, government
health investment has been basically equal to residents’ non-
medical health consumption. Regarding the consumer price
index, during the research period, China’s price change range was
small and basically stable. However, disposable income changed
greatly, with a difference of 43.358 units between the minimum
value (24.898) and the maximum value (68.256), with the rate of
change being as high as 174%. Additionally, the dependency ratio
has a high rate of change, and the data structure is skewed to the
right. By contrast, the change in housing prices is relatively small,
which may be related to local government policies to control
housing prices.

EMPIRICAL RESULTS

Referring to Shiller and Perron (35), the one-equation ADF test
is not significant in these samples. In this paper, the Levin, Lin
and Chu [(36), LLC] and Im, Pesaran and Shin [(37), IPS] tests
are used to assess the unit root problem. As Table 2 shows, there
is no unit root of government health investment and household
consumption. Additionally, we should confirm the stationary of
all variables before using fixed effect analysis to avoid using a
pseudoregression. The panel unit root tests for both LLC and

IPS show that the variables are all significant at the 10% level.
Therefore, we proceed to the regression analysis.

Regression Analysis Results
The results recorded, highlighted in Table 3, present an optimal
level of household consumption structure. As Table 3 shows,
we take government health spending as the core explanatory
variable. The regression results of Model 1 and Model 2
show that there is a positive correlation between government
health investment and household consumption; and when a
series of control variables are added, the regression coefficient
between the two decreases from 0.5 to 0.304. However,
the regression coefficients of the equations before and after
the addition of control variables are significantly positive at
least at the 10% significance level. In addition to the core
explanatory variables, residents’ disposable income, urbanization
level, industrial structure, and regional average housing price are
also positively correlated with household consumption at least
at a 5% significance level. Then, medical health consumption
and non-medical health consumption were taken as explained

TABLE 2 | Panel unit root tests.

Variables Panel augmented dickey-fuller test

Levin-Lin-Chu Im-Pesaran-Shin

t-statistic p t-statistic p

HC −6.162 0.000 −2.565 0.005

HCM −43.884 0.000 −13.571 0.000

HCN −15.121 0.000 −5.235 0.000

GHI −16.948 0.000 −10.283 0.000

CPI −2.688 0.004 −16.134 0.000

CI −4.286 0.000 −36.369 0.000

URB −19.889 0.000 −8.278 0.000

ISA −15.468 0.000 −2.480 0.007

INFS −16.240 0.000 −3.532 0.000

DEP −19.684 0.000 −21.470 0.000

HP −20.080 0.000 −10.340 0.000

TABLE 1 | Descriptive statistics of the variables.

Obs Mean Std.Dev. Minimum Maximum Skewness Kurtosis

HC 403 9.320 0.372 8.546 10.173 0.738 0.000

HCM 403 6.607 0.568 5.155 10.259 0.000 0.000

HCN 403 9.289 0.531 8.090 10.647 0.927 0.004

GHI 403 5.310 0.914 2.435 7.365 0.000 0.968

CPI 403 102.846 1.857 97.650 110.090 0.000 0.020

CI 403 41.807 6.957 24.898 68.256 0.016 0.350

URB 403 54.284 14.098 21.500 89.600 0.000 0.071

ISA 403 1.097 0.618 0.500 5.169 0.000 0.000

INFS 403 2.383 1.955 0.043 10.489 0.000 0.000

DEP 403 36.493 6.666 17.825 55.090 0.514 0.017

HP 403 8.604 0.542 7.580 10.489 0.000 0.008
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TABLE 3 | Regression analysis results.

Variables HC HCM HCN

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

GHI 0.500***

(0.015)

0.304***

(0.033)

0.368***

(0.026)

0.202**

(0.098)

0.597***

(0.015)

0.285***

(0.036)

CPI 0.002

(0.002)

−0.020

(0.014)

0.001

(0.002)

CI 0.006***

(0.002)

−0.002

(0.005)

0.006***

(0.002)

URB 0.008**

(0.004)

0.023**

(0.010)

0.025***

(0.005)

ISA 0.113**

(0.051)

0.170**

(0.081)

0.070

(0.070)

INFS 0.036

(0.039)

−0.018

(0.043)

−0.012

(0.021)

DEP 0.004

(0.003)

0.010

(0.006)

0.003

(0.003)

HP 0.181**

(0.071)

−0.116

(0.173)

0.271**

(0.103)

Constant 6.664***

(0.080)

4.841***

(0.443)

4.651***

(0.136)

6.934**

(2.542)

6.120***

(0.080)

3.553***

(0.667)

N 403 403 403 403 403 403

R-sq(overall) 0.9169 0.9621 0.4486 0.4868 0.9018 0.9386

Cluster-robust standard errors in parentheses.

*Significant at the 10% level.

**Significant at the 5% level.

***Significant at the 1% level.

TABLE 4 | Heterogeneity analysis of urban and rural sample.

Variables Urban sample Rural sample

HC HCM HCN HC HCM HCN

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

GHI 0.268***

(0.035)

0.018

(0.120)

0.281***

(0.036)

0.349***

(0.051)

0.516***

(0.057)

0.342***

(0.054)

CPI 0.003*

(0.002)

−0.028*

(0.016)

0.004**

(0.002)

−0.002

(0.002)

0.008**

(0.004)

−0.003

(0.002)

CI 0.006***

(0.002)

−0.008

(0.006)

0.006***

(0.001)

0.007***

(0.002)

0.008***

(0.003)

0.006**

(0.002)

URB 0.009***

(0.003)

−0.006

(0.011)

0.005

(0.005)

0.041***

(0.007)

0.039***

(0.006)

0.040***

(0.007)

ISA 0.074

(0.048)

0.186*

(0.109)

0.046

(0.057)

0.189**

(0.770)

0.120*

(0.065)

0.195**

(0.082)

INFS −0.009

(0.188)

0.050

(0.452)

−0.005

(0.005)

0.051

(0.053)

0.067

(0.425)

0.050

(0.055)

DEP 0.002

(0.002)

0.008

(0.007)

0.002

(0.002)

0.007

(0.005)

0.001

(0.004)

0.008

(0.005)

HP 0.297***

(0.055)

−0.206

(0.218)

0.328***

(0.800)

−0.012

(0.135)

0.146

(0.099)

−0.037

(0.142)

Constant 4.510***

(0.340)

11.338***

(2.910)

4.267***

(0.522)

4.191***

(0.788)

−1.285**

(0.593)

4.422***

(0.845)

N 403 403 403 403 403 403

R-sq 0.9717 0.0372 0.8845 0.9407 0.9573 0.9332

Cluster-robust standard errors in parentheses.

*Significant at the 10% level.

**Significant at the 5% level.

***Significant at the 1% level.
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TABLE 5 | Heterogeneity analysis of different economic regions sample.

Variables North region South region

HC HCM HCN HC HCM HCN

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

GHI 0.332***

(0.064)

0.201

(0.179)

0.306***

(0.052)

0.288***

(0.041)

0.150

(0.099)

0.259***

(0.050)

CPI 0.002

(0.003)

−0.033

(0.033)

0.001

(0.002)

0.004**

(0.002)

−0.011

(0.009)

0.001

(0.002)

CI 0.006***

(0.001)

−0.002

(0.006)

0.006***

(0.001)

0.009**

(0.003)

−0.001

(0.008)

0.008*

(0.004)

URB −0.002***

(0.260)

0.015

(0.023)

0.020***

(0.004)

0.018***

(0.003)

0.031***

(0.008)

0.032***

(0.007)

ISA 0.124***

(0.026)

0.207

(0.120)

0.107***

(0.027)

0.058

(0.070)

0.026

(0.093)

−0.015

(0.109)

INFS 0.054

(0.038)

−0.062

(0.056)

−0.015

(0.023)

0.029

(0.019)

0.090**

(0.042)

0.016

(0.026)

DEP −0.002

(0.004)

0.012

(0.015)

−0.001

(0.003)

0.009**

(0.004)

0.011***

(0.003)

0.007**

(0.003)

HP 0.257**

(0.105)

−0.055

(0.283)

0.306***

(0.074)

0.100

(0.080)

−0.142

(0.193)

0.226

(0.149)

Constant 4.763***

(0.475)

8.321

(5.258)

3.601***

(0.277)

4.746***

(0.659)

5.894***

(1.759)

3.439***

(1.141)

N 195 195 195 208 208 208

R-sq 0.9617 0.3743 0.9759 0.9750 0.6665 0.9109

Cluster-robust standard errors in parentheses.

*Significant at the 10% level.

**Significant at the 5% level.

***Significant at the 1% level.

TABLE 6 | Heterogeneity analysis of different economic gradients sample.

Variables East gradient Central gradient West gradient

HC HCM HCN HC HCM HCN HC HCM HCN

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9

GHI 0.300***

(0.038)

0.231*

(0.122)

0.292***

(0.048)

0.288***

(0.064)

0.273

(0.209)

0.312***

(0.057)

0.264***

(0.046)

0.125

(0.129)

0.245***

(0.061)

CPI 0.001

(0.002)

−0.017

(0.013)

0.001

(0.002)

0.008*

(0.004)

−0.056

(0.060)

0.008**

(0.003)

0.000

(0.001)

0.004

(0.009)

−0.002

(0.002)

CI 0.003

(0.004)

0.001

(0.008)

0.007**

(0.003)

0.003

(0.003)

−0.029

(0.020)

0.003

(0.003)

0.009***

(0.002)

0.007

(0.005)

0.008***

(0.001)

URB 0.009

(0.006)

0.020*

(0.010)

0.024***

(0.004)

−0.003

(0.010)

−0.005

(0.025)

0.016

(0.009)

0.027***

(0.007)

0.023

(0.024)

0.041**

(0.015)

ISA 0.200***

(0.059)

0.130

(0.125)

0.191***

(0.038)

0.167***

(0.018)

0.598**

(0.244)

0.126***

(0.025)

−0.013

(0.071)

0.060

(0.106)

−0.100

(0.089)

INFS 0.098*

(0.049)

0.069

(0.056)

0.028

(0.019)

0.075

(0.068)

−0.085

(0.157)

0.071

(0.069)

−0.100***

(0.030)

0.130

(0.133)

−0.103**

(0.034)

DEP 0.003

(0.005)

0.009*

(0.004)

0.001

(0.003)

0.013*

(0.005)

0.041

(0.029)

0.010*

(0.005)

0.006

(0.004)

0.001

(0.006)

0.007

(0.004)

HP −0.015

(0.066)

−0.362

(0.280)

0.068

(0.048)

0.256*

(0.120)

−0.212

(0.313)

0.177

(0.108)

0.138*

(0.070)

0.168

(0.187)

0.280

(0.177)

Constant 6.386***

(0.543)

8.290***

(2.388)

5.035***

(0.324)

3.988***

(0.421)

12.183

(8.400)

3.549***

(0.341)

5.088***

(0.457)

2.618

(1.641)

3.465**

(1.186)

N 143 143 143 104 104 104 156 156 156

R-sq 0.9648 0.5658 0.9810 0.9740 0.3737 0.9834 0.9734 0.6969 0.9029

Cluster-robust standard errors in parentheses.

*Significant at the 10% level.

**Significant at the 5% level.

***Significant at the 1% level.
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variables for regression. The results of Models 3–6 showed
that government health investment was significantly positively
correlated with medical health consumption and non-medical
health consumption. The regression coefficients also decreased
after adding control variables, which were all lower than the
regression coefficients of Model 1 (0.304). According to Table 3,
the increase in government health investment can significantly
improve household consumption.

Heterogeneity Analysis
Table 4 divides the sample into urban residents and rural
residents. As Table 4 shows, for rural residents, there is a
positive correlation between government health investment
and household consumption, medical health consumption, and
non-medical health consumption. The regression coefficient
of medical health consumption (0.516) is much higher than
that of the other two (0.349 and 0.342). For urban residents,
there is a significant positive correlation between government
health investment and household consumption and non-medical

health consumption with regression coefficients of 0.268 and
0.281, respectively; however, the correlation between government
health investment and urban medical health consumption is
not significant. Overall, the regression coefficient of rural
residents (0.349) is higher than that of urban residents (0.268),
which means that the impact of government health investment
on urban household consumption is less than that on rural
household consumption. This may be because in recent years,
with the promotion of the government’s Medicaid policy, rural
residents continue to reduce their medical health consumption;
furthermore, government health investment promotes rural
non-medical consumption and medical consumption, thus
improving rural non-medical health consumption and overall
rural household consumption. However, the consumption of
urban residents is weaker than that of rural residents due to
lack of relevant welfare. In addition, the price index, residents’
disposable income, the level of urbanization and the average
regional housing price also significantly improve household
consumption at least at the 10% significance level.

TABLE 7 | Robustness check.

Variables Gaussian mixture model Change time period (2009–2019)

HC HCM HCN HC HCM HCN

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

GHI 0.118***

(0.041)

0.314**

(0.143)

0.262***

(0.068)

0.412***

(0.039)

0.293**

(0.121)

0.373***

(0.053)

CPI 0.005***

(0.002)

−0.017

(0.013)

0.003*

(0.119)

−0.014***

(0.002)

−0.025

(0.016)

−0.015***

(0.002)

CI −0.001

(0.005)

−0.006

(0.012)

0.003

(0.003)

0.005***

(0.001)

−0.004

(0.006)

0.004***

(0.494)

URB −0.001

(0.004)

0.027

(0.021)

0.018***

(0.006)

0.001

(0.004)

0.019

(0.012)

0.020***

(0.005)

ISA −0.007

(0.036)

0.124

(0.186)

0.071

(0.055)

0.055**

(0.026)

0.152

(0.108)

0.024

(0.032)

INFS 0.007

(0.033)

−0.050

(0.148)

−0.017

(0.034)

0.038

(0.026)

−0.015

(0.059)

−0.007

(0.014)

DEP 0.004

(0.004)

0.026*

(0.015)

0.001

(0.550)

−0.007

(−0.320)

0.013

(0.009)

−0.001

(0.002)

HP 0.017

(0.052)

−0.223

(0.184)

0.122

(0.119)

0.256***

(0.047)

−0.174

(0.189)

0.342***

(0.088)

L.HC 0.765***

(0.080)

L.HCM −0.127

(0.139)

L.HCN 0.260

(0.199)

Constant 6.013***

(0.271)

7.655***

(2.608)

4.708***

(0.494)

AR(1) 0.000 0.108 0.326 — — —

AR(2) 0.459 0.462 0.407 — — —

Hansen 1.000 1.000 1.000

N 341 341 341 341 341 341

Cluster-robust standard errors in parentheses.

*Significant at the 10% level.

**Significant at the 5% level.

***Significant at the 1% level.
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There are obvious differences in economic development
between the northern and southern regions of China, and the
gap has widened. The Huanghe River and Qinling Mountains are
the natural geographical boundaries between the northern and
southern regions across the areas of Hubei, Shaanxi, and Henan
Provinces. Therefore, Table 5 divides the entire sample into two
regions: the northern and southern regions. Table 5 shows that
in both the south and north, government health investment has a
significant promoting effect on household consumption and non-
health consumption; and the regression coefficients are 0.332 and
0.306 and 0.288 and 0.259, respectively. However, government
health investment has no significant effect on promoting
health consumption. In addition to disposable income and the
urbanization level, there are significant positive correlations
between the industrial structure and housing prices, residents’
consumption, and non-medical and health consumption, but
there is no such effect in the southern region.

Based on the classification of the China Statistics Bureau,
all provinces of China are divided into three major economic
gradients. There is an obvious development gap in the economic
gradients of east, central and west. Table 6 shows that in
all economic gradients, government health investment has a
significant promoting effect on household consumption and
non-health consumption. The regression coefficients are 0.300
and 0.292 in the east gradient, 0.288 and 0.312 in the central
gradient, and 0.264 and 0.245 in the west gradient, respectively.

However, government health investment has no significant effect
on promoting health consumption. In east and central gradients,
except for the significant positive correlation between industrial
structure and household consumption and non-medical health
consumption, all other control variables have no significant
relationship with them. But there is no such effect in the west
gradient, where per capita disposable income, urbanization, and
infrastructure contribute a lot.

Robustness Check
In this paper, we adopted a strict regression model. Then, a
series of robustness tests were conducted to further ensure the
reliability and stability of the study.

The lag term of the explained variable is introduced into the
regression model as the explanatory variable in the dynamic
panel model, which has dynamic explanatory ability but
inevitably results in endogeneity problems. In order to solve
the endogeneity problem of the model, this paper uses the
difference GMM method proposed by Arellano-Bond for the
robustness test (38). Table 7 reports the relationship between
government health investment and household consumption in
the new period. As Table 7 shows, the regression coefficients of
government health investment in model 1 and model 3 are 0.118
and 0.262, respectively, which are significant at the 1% level;
furthermore, the coefficient of government health investment in
model 2 is 0.314, which is significantly positive at the 5% level.

TABLE 8 | Mechanism analysis of government health investment and household consumption.

Variables LPGDP HC HCM HCN

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7

LPGDP 0.728***

(0.107)

0.377*

(2.583)

0.996***

(0.185)

GHI 0.329***

(0.033)

0.304***

(0.033)

0.064

(0.047)

0.202**

(0.098)

0.078

(0.105)

0.285***

(0.034)

−0.043

(0.075)

CPI 0.007***

(0.001)

0.002

(0.002)

−0.003*

(0.002)

−0.020

(0.014)

−0.023

(0.015)

0.001

(0.002)

−0.007***

(0.002)

CI −0.015***

(0.002)

0.006***

(0.002)

0.017***

(0.003)

−0.002

(0.005)

0.003

(0.006)

0.006***

(0.002)

0.021***

(0.004)

URB 0.019***

(0.004)

0.008**

(0.004)

−0.006

(0.004)

0.023**

(0.010)

0.016

(0.011)

0.025***

(0.005)

0.006

(0.005)

ISA 0.051

(0.048)

0.113**

(0.051)

0.075**

(0.032)

0.170**

(0.081)

0.161*

(0.076)

0.070

(0.070)

0.019

(0.047)

INFS −0.028

(0.017)

0.036

(0.039)

0.056

(0.043)

−0.018

(0.043)

−0.008

(0.040)

−0.012

(0.021)

0.015

(0.023)

DEP 0.001

(0.002)

0.004

(0.003)

0.004

(0.002)

0.010

(0.006)

0.010

(0.006)

0.003

(0.003)

0.003*

(0.001)

HP 0.295***

(0.042)

0.181**

(0.071)

−0.034

(0.050)

−0.116

(0.173)

−0.227

(0.194)

0.271

(0.103)

−0.023

(0.055)

Constant 5.078***

(0.290)

4.841***

(0.443)

1.143

(0.714)

6.934**

(2.542)

5.023*

(2.583)

3.553***

(0.667)

−1.505

(1.315)

N 403 403 403 403 403 403 403

R-sq 0.9790 0.9621 0.9759 0.4868 0.4901 0.9386 0.9565

Cluster-robust standard errors in parentheses.

*Significant at the 10% level.

**Significant at the 5% level.

***Significant at the 1% level.
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This indicates that when the lagged order of the original equation
variable is used as the instrumental variable, the above results are
still valid, that is, government health investment has a significant
promoting effect on household consumption.

The research above uses the statistical data of China’s inland
provinces from 2007 to 2019 as samples for analysis. However,
due to the government’s opinions on deepening the reform of
the medical and health system in 2009 and considering the
lag effects of policy reform and government health investment
on household consumption, the data of the previous 2 years
are excluded, and the research period is from 2009 to 2019.
Table 7 reports the relationship between government health
investment and household consumption in the new period. Since
the coefficients of government health investment in models 4–6
are 0.421, 0.293 and 0.373, respectively, and they are significantly
positive at least at the 5% level, the above estimation results are
still robust in different research periods.

MECHANISM ANALYSIS

The previous theory analyses the transmission mechanism
between government health investment and household
consumption. In order to test the hypothesis of the mechanism,
this paper selects the mediating effect model for empirical
testing, and the regression results are shown in Table 8. Model
1 shows that there is a positive correlation between government
health investment and per capita GDP, and it is significantly
positive at the 1% level, which indicates that government
health input can promote economic growth, which is embodied
in the increased per capita GDP. Similarly, after adding
the mediating variable, the government health investment
variable is no longer significant, and the mediating variable
is significantly positive at the 1% level, which indicates that
there is a complete mediating effect in per capita GDP. That
is, government health investment boosts regional economic
growth, which in turn boosts household consumption. In order
to explore the mechanism of government health investment
on residents’ non-medical health consumption and medical
health consumption more clearly, we also test the mediating
effect. The results show that government health investment
can promote non-medical health consumption by accelerating
economic growth. As Models 3, 5, and 7 show, the government
health investment variable is no longer significant after adding
the mediating variable. Furthermore, per capita GDP, as the
mediating variable, is significantly positive at the 1% significance
level with coefficients of 0.728, 0.377, and 0.996, respectively,
indicating that per capita GDP has a complete mediating
effect. Government health investment can promote household
consumption by increasing the speed of economic development
(39). In order to explore the mechanism of the effect government
health investment more clearly on residents’ non-medical health
consumption and medical health consumption, we tested its
mediating effect, and the results show that government health
investment can stimulate non-health consumption by increasing
the economic growth rate, and this stimulating effect does not
reduce medical consumption.

CONCLUSIONS

This paper performs a panel unit root test to examine
government health investment and household consumption.
Table 2 shows that the stationary hypothesis of household
consumption is undeniable. Household consumption follows a
random distribution, and government health investment is an
important variable that affects household consumption. Thus,
based on the panel data of China’s inland provinces from 2007
to 2019, we use a regression model to explore the crowding-
out or crowding-in relationship between Chinese government
health investment and household consumption. The empirical
results above show that government health investment has a
crowding-in effect, which can raise household consumption. In
our study, household consumption is divided into all household
consumption, medical health consumption, and non-medical
health consumption. Based on northern and southern provinces,
there is a significant positive correlation between government
health investment and urban and rural household consumption,
and the promotion effect on the northern provinces is better than
that on the southern provinces; however, there is no significant
positive correlation between government health investment and
medical health consumption in some regions. In addition, this
paper uses the logarithm of per capita GDP as an intermediary
variable to test the mechanism between government health
investment and household consumption. The results show
that per capita GDP has a complete mediating effect. That
is, government health investment boosts regional economic
growth, which in turn increases household consumption. These
conclusions provide valuable insights for decision makers in the
health care sector to intervene when facing drastic economic
changes. The government should adopt more active medical
policies and health investment policies to reduce medical health
consumption, increase non-medical health consumption and
promote household consumption.
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This paper explores the relationship between urbanization rate and death incidence by

applying panel threshold regression model to the inland provinces of China. The empirical

results highlight that there is a nonlinear single threshold effect between urbanization

and population health indicators. In China’s inland provinces, the negative impact of

urbanization on death rate is reduced when per capita GDP exceeds the threshold, that

is, the positive impact of urbanization on population health is significantly weakened.

Similarly, this result can also be applied to the north provinces, while there is a no

threshold effect in south. These asymmetric effects are strongly related to geographical

location, historical background, economic development conditions, and health policies.

Therefore, in the urbanization process, while promoting the steady development of

population urbanization, the government should also increase health investment to

improve the system andmechanism, formulate policies to raise health awareness, protect

residents’ health and reduce the waste of health resources.

Keywords: economic development, urbanization, population health, panel unit root, panel threshold regression

model

INTRODUCTION

The main purpose of this paper is to explore whether China’s population health (described using
death rate, DR) responds to urbanization (described as the proportion of the urban population to
the total population, URB), and how it affects population health during the rapid development of
urbanization. As stated in Agenda 21 for Sustainable Development of the United Nations, healthy
development cannot occur without a healthy population. In the past 10 years, China’s urbanization
has developed rapidly, increasing from 32.93% in 2007 to 60.6% in 2019, and it is expected to reach
65.5% in 2025. It is conservatively estimated that more than 80 million new rural migrants will be
added to urban areas, far exceeding that of other countries. With the continuous improvement of
the urbanization rate of China’s permanent resident population, the positive correlation between
urbanization and population health becomes more intuitive in the development process. China
has undergone profound changes in its health care system to adapt to the enormous demographic,
political, economic, and sociocultural changes resulting from the rural population transfer. Thus,
these changes may affect the health of the population. Investment in the health care sector has
triggered a transformation in health care, which is reflected in the decline in death rate and the
increase in government spending as a share of GDP over the past 13 years. There are two ways
to explain why increased levels of urbanization may lead to lower death rate (or better health).
First, urbanization can provide more health information and related knowledge education by

113

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2021.706982
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2021.706982&domain=pdf&date_stamp=2021-06-16
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:chenghao0120@sina.com
https://doi.org/10.3389/fpubh.2021.706982
https://www.frontiersin.org/articles/10.3389/fpubh.2021.706982/full


Jiang et al. Urbanization and Population Health

improving medical services (1–3). Second, urbanization will
achieve economic development by expanding infrastructure
construction, creating more job opportunities through
industrialization and improving the health of the population
(4, 5), which is also reflected in the change in per capita
disposable income. This study can benefit decision-makers by
focusing on the impact of rapid urbanization on population
health. In the urbanization process, the government should
formulate policies to enhance health awareness among residents,
increase health investment, improve the system and mechanism
of healthy development, and ensure the health of residents while
promoting the stable development of population urbanization.

For developing countries, the poor are at greater risk
and have much worse health than the rich. As urbanization
increases, increasingly more people choose to live in cities; and
the living, working, eating and other habits of these people
and the surrounding environment have undergone significant
changes (6). Compared with rural areas, cities can provide more
ecological and cultural system services, such as more parks,
gardens, and playgrounds; and can also relieve life pressure
through sports venues and facilities to improve health conditions
(7). From the perspective of quality of life, there are fewermedical
resources in the rural areas of most countries than in cities,
both in terms of the number of hospitals and the number of
doctors (8); and the time-spent to obtain medical services in
rural areas is also higher than that in cities (9). In addition, the
participation rate of medical insurance is positively correlated
with the urbanization level (10). Urbanization improves the
quality of life, but at the same time it requires the government
to provide sufficient supply of infrastructure and medical
facilities, which expands the demand for the material supply of
public administration departments. Improving immediate living
conditions in cities where people live, offers the best hope
for reducing morbidity, death rate and health disparities and
improving the quality of life and well-being (11).

While the positive correlation between urbanization and
population health is intuitively evident in the process of the
continuous migration of the rural population to urban areas,
the effect of increasing the urbanization level on population
health remains ambiguous and controversial for China. Will
continued (or even excessive) migration improve the health
of city dwellers? Is there a threshold effect between the two
in the sample data of China? Is there a threshold effect in
the sample data of southern and northern China? Therefore,
this paper makes the following contributions to the above
problems. First, the empirical results found a threshold effect in
China’s urbanization and population health issues. This threshold
effect means that per capita GDP will influence the promotion
effect of urbanization on population health. Second, we divided
China’s inland provinces into southern and northern provinces
according to their geographical locations. By comparing the same
relationship between the two samples, we find that there is a
threshold effect of urbanization on population health in northern
China, while this effect is not significant in southern China.
This difference means that the urbanization in southern China is
closely related to the population health situation, the government
plays a significant role in the health care service system, and

the medical and health situation can better meet the needs of
a larger population. Moreover, although the existing research
shows the regional differences in the development of Chinese
urbanization and expands the trends, it mainly does so from the
perspective of geographical characteristics. This study divides the
urbanization and population health problems of inland provinces
into two regions, and discusses their correlation and performance
at different latitudes.

The reminders of the paper are structured as follows. Section
Literature Review reviews the existing literature, and section
The Health Utility Model With Urbanization presents the health
model. SectionMethodology describes the econometric approach
employed in this paper. Section Data is the data description.
Section Empirical Results shows the findings of the study. Section
Conclusions offers concluding remarks.

LITERATURE REVIEW

Urbanization and urban expansion result in urban
environmental changes, and resident lifestyle changes, which
can independently and synergistically lead to human health
problems (12). The effects of urbanization on population health
can hardly be attributed to any cause. The urban environment
is an important determinant of health (13). Urbanization is
a process of urban expansion caused by industrialization and
economic development (14), and promotes economic growth
by expanding demand (15). Industrialization intensifies the
contradiction between environmental protection and economic
growth and causes health problems, which reduce the harm
of industrial waste gas emission to population health (16).
Compared with rural areas, the positive effect of urbanization on
health is reflected in the fact that cities have better employment
opportunities and incomes, better educational and medical
resources, and closer social ties (17, 18). Therefore, urbanization
can be regarded as one of the most pervasive social and economic
forces affecting economic development, population health, and
ecological health (19).

Chen et al. (20) used a multilevel logistic model to
study the impact of urbanization and economic development
on individual health in China, and the results show that
economic development has an impact on urbanization. The
relationship between individual health and urbanization of
different income groups presents an inverted U-shape. The
effect of urbanization on population health in the eastern and
central regions is significantly greater than in the western region,
where urbanization increases life expectancy and improves
health level of residents mainly by improving residents’ health
awareness, increasing medical resources, and improving the
medical insurance system and public health infrastructure
investment. Ademe et al. (21) found that although there may be a
series of problems in the urbanization process, efficient national
governance can reduce the health problems faced by the social
population. Liu and Sun (22) used a logistic model to analyse
the impact of the urbanization level on various diseases, and
found that areas with high urbanization levels may possess better
health and a better health status of the population. Liu et al.
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(2) found that the ratio of infectious disease-related death rate
and noninfectious disease-related death rate in the process of
urbanization in China continued to decline over time. Brueckner
(23) stated that except for Sub Saharan Africa, the correlation
between adult death rate and urbanization in other parts of the
world is significantly negative; that is, the higher the level of
urbanization is, the lower the death rate.

Urbanization in developing countries is usually accompanied
by population migration to cities (24). Guest (4) finds that rural-
urban migration leads to inequality in economic opportunities,
with greater economic progress in urban areas by researching
Thailand. At the same time, however, cities need to strengthen
health services for young people, especially women. Sonoda (25)
found that urbanization will affects women’s physical health.
Colvin (26) also showed that growing urbanization affects women
and men in fundamentally different ways. Women and men play
different roles, frequent different public areas, and face different
health risks. When studying population changes, Hong et al.
(27) also found that compared with urban residents, the infant
survival rate, physical condition, and health-seeking behaviors of
Chinese immigrants were lower.

However, the idea that urbanization is beneficial to population
health is not always confirmed. Patel and Burke (28) pointed
to the chaos in the urban landscape caused by the constant
movement of rural residents to cities. Although many people
believe that urbanization will improve the quality of life, in fact,
urbanization is harmful to the health of some vulnerable groups,
which also manifests in the increased incidence of endemic
diseases and the possibility of epidemics expanding. As the urban
population continues to grow in a short period of time, the
growth rate of medical resources often falls far behind, which
will produce a “crowding effect” on urban residents and have
a negative impact on health (29). Srole (30) rejected the view
that urban life increases the incidence of mental disorders,
but urbanization may indeed result in psychological disasters
for white and black children growing-up (31–33), which is
evident in the slums. Eckert et al. (34) also believe that although
urbanization reduces the risk of malnutrition in children, it will
increase the risk of being overweight, and risk factors such as
chronic diseases are more common in urban areas. Poel et al.
(35) used data from the China Health and Nutrition Survey
to construct urbanization indicators for research and found
that urbanization increased the probability of reporting poor
health. The higher the degree of urbanization is, the greater the
impact will be. This finding is because the population undergoing
urbanization tends to consume more cigarettes and consume
more fat. Miao and Wu (36) found that the improvement of
the urbanization level can lead to the reduction of high-fat
diets and physical activities, reducing the health benefits brought
by high income. Air and water pollution caused by industrial
development will also affect population health (37, 38).

In summary, studies conducted in different countries and over
different periods have yielded mixed results. In addition, it is
unclear whether there is a threshold effect between urbanization
and population health. Is the impact on health still positive in the
urbanization process? This paper will conduct an in-depth study
of the above issues.

THE HEALTH UTILITY MODEL WITH
URBANIZATION

We refer to Becker and Grossman’s health demand model (39)
to describe the impact of urbanization on population health.
The maximum of the utility function is set to U(H,Z), where
H is population health (described by the death rate), and Z
is consumer production that enables utility to be obtained. H
depends on medical care (M), nonwork time (N), and baseline
status (B), with HM, HN, and HB > 0 (the subscript is the partial
derivative). Theoretically speaking, health affects itself mainly in
two ways. The first is that health brings happiness to consumers
and then makes the utility. Second, the healthy capital stock
reduces the time cost for consumers to fall ill, thus increasing
their own labor income.

The lifelong health utility function of consumer can be
expressed as follows:

U= U
(

∅0H0, · · · ,∅tHt ,Z0, · · · ,Zt
)

(1)

Where, health (H) is regarded as durable goods,
H0 is the health capital stock of a consumer at birth, Ht is the

health capital stock during period t, φ represents the health days
per unit of health capital stock, and (Z) donates that the other
goods that consumers can buy are disposable consumables. The
equation of health capital in the life cycle of consumers can be
described as follows:

Ht+1 = (1− δt)Ht + It (2)

Here, Ht+1 is the health capital stock of consumers in period
t + 1; Ht is the health capital stock of consumers in period
t; It represents the health capital investment of consumers in
period t; and δt represents the health depreciation rate, which is
related to exogenous variables such as age, living environment
and income level.

The development of urbanization provides a higher level of
medical services and improves the utility of health investment.
However, in urbanization development process, environmental
pollution, living habits, work pressure, and other external
factors may weaken population health level, thus improving
the depreciation rate of consumers’ health capital. Therefore,
it is reasonable to introduce urbanization into the healthy
depreciation rate equation.

The healthy depreciation rate equation takes the form
of Cropper:

δt = δ0P
α
t L

β
t (3)

Here, δ0 is the initial health depreciation rate, t is the age, Pt is the
level of urbanization, and Lt is external factors such as the lifestyle
of consumers.

Health investment is an important factor affecting consumers’
health capital stock. The health investment function is set as
the Cochrane Glass form (C-D) with a constant size, and the
expression is as follows:

It = Pα
t M

γ
t G

ω
t E

ϕ
t (4)
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where, Pt is the level of urbanization, which has a significant
impact on the efficiency of consumer health investment, Mt

is the health goods that consumers can buy, Gt is the basic
medical services provided by the government, and Tt is the time
consumers need to produce health. Et is the other influencing
factors such as consumer income.

After substitution into the equation, we obtain:

Ht+1 = (1− δ0P
α
t L

β
t )Ht + Pα

t M
γ
t G

ω
t E

ϕ
t (5)

Then, we calculate the equation and obtain the partial derivative:

∂Ht+1

∂Pt
= αPα−1

t (M
γ
t G

ω
t E

ϕ
t − δ0L

β
t Ht) (6)

Generally, the level of government health expenditure (Gt) and
the external factors of health depreciation(Lt) will not change
much in the short term. In conclusion, the influencing factors
of the urbanization rate on the consumer health capital stock
are determined by the medical expenditure level (Mt), consumer
income Et , government health expenditure level (Gt), etc.

METHODOLOGY

Test of Gibrat’s Law
This paper constructs a basic model to test whether urbanization
is in line with Gibrat’s law (40), and explores the factors that affect
health. Referring to Yu et al. (41), Gibrat’s law can be expressed
as follow:

Si,t − Si,t−1

Si,t−1
= εi,t (7)

Here, St represents the urbanization situation during period t.
ε i,t is a normally distributed variable that follows N(µ, σ 2).
According to Gibrat’s law, the change in the explanatory variables
is independent of the independent variables. This finding shows
that the healthy logarithm will follow a normal distribution,
which means that in each period, the changes in growth rate
should be the same magnitude for all countries in an economic
organization. However, this is unrelated to initial economic
development. The verification formula of Gibrat’s law is defined
as follows:

1 log
(

Si,t
)

= ai + βi log
(

Si,t−1

)

+ εi, t (8)

In this paper, the null hypothesis is βi ≤0. The LLC panel unit
root test and ADF-Fisher test are used to calculate βi.

Panel Threshold Regression Model (PTRM)
Referring to the panel single threshold regression
model of Hansen (42), we define zit as follows:
{zit ,URBit , xit : 1 ≤ i ≤ n, 1 ≤ t ≤ T }

Then, the following single threshold model is established:

zit =

{

λit + α1URBit + β ′
1xit + εit , if LPGDPit ≤ γ

λit + α2URBit + β ′
2xit + εit , if LPGDPit > γ

(9)

Here, URBit is urbanization as the threshold variable; zit is
the death rate; LGDP is the logarithm of per capita GDP; γ

is the estimated threshold value; a1 and a2 are the threshold
coeffcients; xit are the control variables; β1 and β2 are
coeffcients of the control variables; λit denotes the fixed effect
in different provinces under varying conditions; εit follows a
normal distribution with a mean of 0 and a variance of σ 2,
denoted as N(0, σ2); and i and t represent the provinces and
time, respectively.

Equation (6) can also be expressed as follows:

zit = λit + α1URBitϕ(LPGDPit ≤ γ )+ α2URBitϕ

(LPGDPit > γ )+ β ′xit + εit (10)

However, there may be more turning points in applications.
Hence, the multiple shapes of the threshold model can be
expressed as:

zit =











λit + α1URBit + β
′

1xit + εit , if LPGDPit ≤ γ1

λit + α2URBit + β
′

2xit + εit , if γ1 < LPGDPit ≤ γ2

λit + α3URBit + β
′

3xit + εit , if LPGDPit > γ2

(11)

The regression model above can also transform into the
following formulation:

zit = µit + α1URBitϕ (LPGDPit ≤ γ1) + α2URBitϕ

(γ1 < LPGDPit ≤ γ2) + α3URBitϕ(LGPDPit > γ2)

+ β ′xit + εit (12)

Here, γ1 and γ2 are threshold values (γ1 < γ2). Similarly, more
threshold regression models for turning points can be derived in
the same way.

DATA

This sample used the annual data of China’s inland provinces
from 2007 to 2019 (Tibet’s statistical data are seriously missing,
so they are deleted) including a total of 390 annual entries. Since
the population health and urbanization data were collected from
staring in 2007, the sample coverage period began in 2007. Data
sources are the China Statistical Yearbook, the National Bureau
of Statistics, the National Research Network Statistical Database,
and the China Economic and Social Development Statistical
Database. Previous studies believe that death rate (DR) can
directly reflect the medical level and health level of residents in a
country or region, which is important for social development and
family planning policy. This paper uses the urban population to
total population ratio (URB) to measure the level of urbanization,
and uses logarithm of per capita GDP (LPGDP) as the threshold
variable. Generally, a large number of rural people will flow
to cities, the urbanization ratio will increase, the urban-rural
integration will accelerate, the population structure will change,
and the service object and content of the medical structure will
gradually change. Empirical studies show that the improvement
of the urbanization level has a positive impact on population
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health. The government’s investment in health care is also an
expensive expenditure that which cannot guarantee the expected
return. This urges people to study the threshold effect of
urbanization (URB).

Six control variables are introduced in this study. The first
is environmental pollution (EP), measured by industrial sulfur
dioxide emissions. In the fuel combustion process and the
production process, enterprises will emit sulfur dioxide into the
atmosphere, which will not only bring environmental problems
such as acid rain, but also may cause allergic reaction when
excessive intake into the human body harms health. Thus, the
emission of sulfur dioxide will affect people’s health. The second
is per capita disposable income (CI), which is the most important
determinant of consumer spending and usually used to measure
the change in living standards (43, 44). Generally, residents with
a higher level of personal disposable income will be able to pay
more for medical care when they face health problems (45).
To ensure the accuracy of the statistical results, we used the
logarithm of this index in the empirical process. The third is
the service sector share (SEV), measured by the share of total
with respect services to GDP. The proportion of the service
industry is usually regarded as an important factor affecting
the health care industry. There are many factors leading to

an increase in SEV , such as the adjustment of the industrial
division of labor and increased costs. Overall, the diversification
of the service industry structure will impact population health
(46, 47). To ensure the accuracy of the statistical results, we
used the logarithm of this index in the empirical process. The
fourth is population density (PD), which refers to the number
of people per unit of land area and is an important indicator
reflecting the population distribution. Excessive population
density may lead to intensified job competition, cause excessive
psychological pressure and harm physical health. Furthermore, it
will also affect the air and environment, resulting in decreased
cardiopulmonary functioning and population health (48). The
fifth is the government spending share (GOV), measured by
government spending as a share of GDP. In 1994, to improve
people’s health and accelerate economic development, China
began to implement medical system reform to improve the
effectiveness of government health spending on health welfare
production and gain. The higher the proportion of health
expenditures is, the greater the government’s investment in
national health, which can effectively affect the health situation of
residents. The sixth is educational attainment (EDU), measured
by the proportion of the population with a college degree or
above. Yasuhiko Kubota, a visiting researcher at the University

TABLE 1 | Descriptive statistics of the variables.

Obs Mean Std.Dev. Minimum Maximum Skewness Kurtosis

Inside

provinces

DR 390 6.034 0.752 4.210 7.570 0.001 0.080

URB 390 55.236 13.293 28.240 89.600 0.000 0.072

EP 390 48.886 37.818 0.032 162.865 0.000 0.329

CI 390 41.925 7.040 24.898 68.256 0.045 0.491

SEV 390 −0.839 0.201 −1.251 −0.180 0.000 0.009

PD 390 458.746 677.876 7.637 3853.968 0.000 0.000

GOV 390 5.360 0.879 2.435 7.365 0.000 0.701

EDU 390 0.120 0.073 0.012 0.505 0.000 0.000

LPGDP 390 10.592 0.564 8.841 12.009 0.254 0.483

North

provinces

DR 195 5.873 0.741 4.260 7.500 0.063 0.047

URB 195 55.806 13.161 32.250 86.600 0.000 0.265

EP 195 52.941 44.275 0.032 162.865 0.000 0.000

CI 195 39.404 7.221 24.898 67.031 0.000 0.028

SEV 195 −0.852 0.229 −1.251 −0.180 0.000 0.050

PD 195 346.220 397.132 7.637 1382.301 0.000 0.038

GOV 195 5.173 0.860 2.435 6.894 0.011 0.739

EDU 195 0.136 0.084 0.038 0.505 0.000 0.000

LPGDP 195 10.617 0.516 9.244 12.009 0.850 0.960

South

provinces

DR 195 6.195 0.729 4.210 7.570 0.001 0.927

URB 195 54.667 13.434 28.240 89.600 0.000 0.100

EP 195 44.831 29.569 0.652 117.600 0.063 0.001

CI 195 44.446 5.870 32.687 68.256 0.460 0.202

SEV 195 −0.825 0.169 −1.246 −0.318 0.015 0.412

PD 195 571.273 859.204 117.767 3853.968 0.000 0.000

GOV 195 5.547 0.859 2.523 7.365 0.000 0.346

EDU 195 0.104 0.056 0.012 0.340 0.000 0.000

LPGDP 195 10.568 0.609 8.841 11.966 0.222 0.235
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of Minnesota in the United States, found that education is
more likely to affect health than income through a follow-
up investigation for more than 20 years; and the higher one’s
education is, the less likely they are to suffer from cardiovascular
and cerebrovascular diseases (49). This shows that the level of
education can affect the health of the population.

Table 1 divides the statistical data into two subsamples of
30 inland provinces, 15 northern provinces and 15 southern
provinces, based on the geographical dividing line Qinling and
Huaihe River in China. As Table 1 shows, the average death rate
in China is higher at 6.034%, and that in southern provinces
(6.195%) is higher than that in the northern provinces (5.873%).
This may be related to the differences in living environments
and habits. The average urbanization rate of southern provinces
(54.667%) is slightly lower than the average urbanization rate
of northern provinces (55.806%), both of which are not much
different from the overall urbanization rate. This may be due
to the differences in the geographical location and climate
characteristics of the south. As long as the northern regions focus
on industrial development, the southern provinces will enjoy
better agricultural development, which is reflected in a higher
proportion of rural population, that is, urbanization is relatively
low. Since the development of industry is the main economic
development mode in the north, the sulfur dioxide emissions of
the northern provinces (52.941) are much higher than those of
the south provinces (44.831). In addition, the southern provinces
far outperformed their northern counterparts in terms of per
capita disposable income, population density and government
spending as a share of GDP. Jarque-Bena test results show that
all data sequences obey a normal distribution.

EMPIRICAL RESULTS

We perform a panel unit root test to investigate whether
the population health data of inland provinces in China are
consistent with Gibra’s law. Due to the poor performance of the
IPS test in the samples in this paper, the Levin, Lin and Chu (LLC)
test and Fisher-ADF test are considered to be effective methods
for testing the existence of unit roots according to the research
results of Shiller and Perron (50, 51). AsTable 2 shows, there is no
unit root of the death rate, which does not comply with Gibrat’s
law. Furthermore, to avoid the existence of a false regression, the
stability of all variables should be maintained before the use of
the PTRM. The panel unit root tests of the LLC and Fisher-ADF
show that the variables are all significant at least at the 10% level.
Therefore, we proceed to analyse the PTRM.

The results in Table 3 present an optimal level of urbanization
for the full sample of 30 inland provinces and for the southern
and northern provinces in China. Overall, the single threshold
for logarithm of per capita GDP is 10.237, which is significant
at the 5% significance level; and the F-statistic is 26.740. Table 4
shows that there is a significant negative correlation between
URB and DR when China’s logarithm of per capita GDP is
lower than 10.237, with an estimated coefficient of −0.036.
The negative relationship between urbanization and death rate
becomes weaker when the logarithm of per capita GDP is greater

TABLE 2 | Panel unit root tests.

Variables Panel augmented dickey-fuller test

Levin-Lin-Chu Fisher-ADF

t-statistic p-value Statistic p-value

Inside

provinces

DR −9.627 0.000 157.144 0.000

URB −5.716 0.000 153.356 0.000

EP −4.792 0.000 85.590 0.017

CI −22.422 0.000 77.036 0.068

SEV −4.920 0.000 157.930 0.000

PD −4.586 0.000 375.614 0.000

GOV −8.804 0.000 187.502 0.000

EDU −8.953 0.000 160.128 0.000

LPGDP −3.001 0.001 86.875 0.013

North

provinces

DR −5.681 0.000 67.295 0.000

URB −3.283 0.001 64.222 0.000

EP −2.808 0.003 47.152 0.024

CI −11.105 0.000 48.704 0.017

SEV −2.852 0.002 83.672 0.000

PD −15.691 0.000 128.126 0.000

GOV −8.867 0.000 99.592 0.000

EDU −6.684 0.000 66.387 0.000

LPGDP −2.138 0.016 45.199 0.037

South

provinces

DR −8.080 0.000 110.540 0.000

URB −5.236 0.000 74.115 0.000

EP −4.350 0.000 47.936 0.020

CI −6.123 0.000 71.047 0.000

SEV −2.923 0.002 69.633 0.000

PD −5.535 0.000 183.720 0.000

GOV −4.516 0.000 67.454 0.000

EDU −5.783 0.000 79.093 0.000

LPGDP −4.358 0.000 70.607 0.000

than a certain limit threshold. This indicates that there is a single
threshold effect, which makes the model show an asymmetric
non-linear relationship with the inflection point.

For northern provinces, the single threshold for the logarithm
of per capita GDP is 10.823, which is significant at the 10%
significance level and the F-statistic is 21.280. Additionally,
Table 4 shows that there is a significant negative correlation
between URB and DR when the logarithm of per capita GDP
of northern provinces is below the threshold value of 10.823
with an estimated coefficient of −0.083. The coefficient of DR
changes to −0.076 when the logarithm of per capita gdp exceeds
10.823. This means that the increase in the urbanization level
can effectively reduce the death rate of northern provinces
and has a positive effect on population health. The results
indicate that there is still a single threshold effect for the
northern provinces.

In contrast, in southern provinces, the single threshold for
logarithm of per capita GDP is 10.237 with an F-statistics
of 14.260, but the results did not pass the significance test.
As Table 4 shows, when the logarithm of per capita GDP of
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TABLE 3 | Test for threshold between Urbanization and Population health.

Single threshold effect test Double threshold effect test

Threshold value F-statistics p-value Threshold value F-statistics p-value

ALL

Inside

provinces

10.237** 26.740 0.050 10.841 11.200 0.364

North

provinces

10.823* 21.280 0.054 11.412 14.590 0.130

South

provinces

10.237 14.260 0.256 10.881 10.720 0.248

***, **, and * respectively indicates significance at the 1, 5, and 10% level.

southern provinces is 10.237, there is no significant correlation
between URB and DR. The results show that there is no single
threshold effect in this model for the southern provinces, which
has not been found in previous studies. This might relate
to different geographical distribution and cultural traditions.
Regarding population and economic growth, the urbanization
process of northern provinces in China is relatively slow, and the
economic development level in the north is lower than that of
the south. Health problems caused by population migration can
be solved by government health investment spending due to the
better economic conditions and the popularization of relevant
health knowledge in southern China. In other words, the growth
rate of the population health level in southern China can keep up
with the pace of urbanization development, which is embodied
in the fact that there is no single threshold effect between DR
and URB.

Whether in China or in the northern provinces, urbanization
has played a role in promoting population health, but the
relationship between urbanization and population health will
not be the same in a specific time. In this paper, the explained
variable DR has an inverse relationship with population health,
that is, the lower the death rate, the higher the health of the
population, and vice versa. Figure 1 shows that for China, when
the logarithm of per capita GDP is lower than 10.237, the
coefficient of DR is −0.036, and the coefficient of DR changes
to −0.031 when the logarithm of per capita GDP crosses the
threshold. Similarly, in northern provinces, when the logarithm
of per capita GDP is lower than 10.823, the coefficient is −0.083,
and it changes to −0.076 when the logarithm of per capita
GDP crosses the threshold. This indicates that in China and the
northern provinces, the impact of urbanization on population
health has a significant single threshold effect based on per capita
GDP, which means that when per capita GDP exceeds a certain
threshold, the role of urbanization in promoting population
health is weakened.

For the thresholds of China and northern provinces, we
can further confirm the impact of each control variable on
population health in Table 5. As Table 5 shows, in the full
sample and for northern provinces, environmental pollution
EP, government spending share GOV , and population density
PD can significantly affect death rate DR at a significant level
of at least 10%, while other control variables are not always

TABLE 4 | Estimated coefficients of Urbanization and Population health.

Regions Coefficient Estimated

value

p-value Std.Dev.

Inside

provinces

α̂1 −0.036*** 0.001 0.011

α̂2 −0.031*** 0.004 0.011

North

provinces

α̂1 −0.083*** 0.000 0.019

α̂2 −0.076*** 0.000 0.019

South

provinces

α̂1 −0.002 0.876 0.011

α̂2 0.002 0.863 0.011

***, **, and * respectively indicates significance at the 1, 5, and 10% level.

significant. According to the coefficients in Table 5, EP is
negatively correlated with DR in China and north region, but it
is not significant in south. The possible reason is that industry
is one of the important sources of environmental pollution.
It is labor-intensive and has a population gathering effect,
which makes environmental pollution and death rate negatively
correlated. Since the heavy industry is concentrated in northern
China, the southern manufacturing and service industries have
developed well, and the degree of environmental pollution is
relatively low. In addition, GOV and PD have positive and
negative effects on DR, respectively. Furthermore, the coefficient
of per capita disposable income CI in the northern region can
also pass the test at the 5% significance level. Increasing per capita
disposable income will promote consumption, which may lead to
some diseases such as obesity, and will cause higher death rate
in turn.

Considering the irreplaceability of DR and URBAN, to obtain
a more reliable conclusion, following the same method in the
references, we select three new control variables to conduct a
robustness test. The first new control variable is GDP (logarithm,
LGDP). Studies have shown that human health is related to per
capita disposable income (CI) and has a similar cointegration
relationship with GDP, often as a direct economic indicator
affecting population health (52). The second new control variable
is the consumer price index (CPI), which reflects the changes in
the price level of consumer goods and services usually purchased
by families, and can measure the changes in the overall economic
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FIGURE 1 | Simulation of the relationship between urbanization and population health.

TABLE 5 | Estimated coefficients of the control variables.

Regions Variable Coefficient Estimated

value

p-value Std.Dev.

Inside

provinces

EP β̂1 −0.002* 0.096 0.001

CI β̂2 0.007 0.130 0.005

GOV β̂3 0.204** 0.010 0.079

SEV β̂4 0.349 0.196 0.269

PD β̂5 −0.003*** 0.000 0.000

EDU β̂6 1.630* 0.079 0.926

North

provinces

EP β̂1 −0.003** 0.039 0.002

CI β̂2 0.018** 0.013 0.007

GOV β̂3 0.426*** 0.003 0.140

SEV β̂4 0.202 0.651 0.445

PD β̂5 −0.002*** 0.001 0.001

EDU β̂6 1.057 0.463 1.437

South

provinces

EP β̂1 −0.000 0.853 0.001

CI β̂2 −0.016** 0.035 0.007

GOV β̂3 0.014 0.866 0.083

SEV β̂4 0.610** 0.033 0.284

PD β̂5 −0.002*** 0.000 0.000

EDU β̂6 0.008 0.994 1.158

***, **, and * respectively indicates significance at the 1, 5, and 10% level.

level of society (53). The third control variable is financial
development level (FINA), which is measured by the percentage
of financial institutions’ deposits and loans to GDP at the
end of the year, and can affect population health by affecting
economic development.

Table 6 shows that after adding the new control variables
LGDP, consumer price index CPI, and financial development
level (FINA), the single threshold effect still exists in the entire
sample of inland provinces and northern provinces of China,
and the threshold value does not change significantly. However,

there is no threshold effect in southern provinces. Although the
threshold value did not change significantly, the p-values of the
entire sample decreased from 0.050 to 0.042, and increased from
0.054 to 0.064 in northern provinces. This indicates that in China,
the threshold effect of urbanization on death rate becomes more
significant after the addition of the control variables LGDP, CPI,
and FINA, that is, before the logarithm of per capita GDP reaches
the certain threshold, there is a significant negative correlation
between URB and DR, and urbanization can effectively improve
the health of the population. When the logarithm of per capita
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TABLE 6 | Robustness check.

Single threshold effect test Double threshold effect test

Threshold value F-statistics p-value Threshold value F-statistics p-value

ALL

Inside

province

10.237** 26.080 0.042 10.835 5.700 0.774

North

provinces

10.823* 21.610 0.064 11.379 11.370 0.198

South

provinces

10.237 15.970 0.182 10.836 7.120 0.560

***, **, and * respectively indicates significance at the 1, 5, and 10% level.

TABLE 7 | Estimated coefficients of the control variables.

Region Variable Coefficient Estimated

value

p-value Std.Dev.

Inside

provinces

EP β̂1 −0.003*** 0.008 0.001

CI β̂2 0.010** 0.128 0.006

GOV β̂3 −0.152 0.287 0.143

SEV β̂4 0.818*** 0.005 0.287

PD β̂5 −0.003*** 0.000 0.000

EDU β̂6 0.322 0.751 1.012

CPI β̂7 −0.001 0.924 0.010

LGDP β̂8 0.960*** 0.001 0.284

FINA β̂9 −0.138* 0.079 0.078

North

provinces

EP β̂1 −0.004** 0.013 0.002

CI β̂2 0.016 0.115 0.010

GOV β̂3 0.072 0.747 0.223

SEV β̂4 0.824* 0.084 0.474

PD β̂5 −0.003*** 0.000 0.001

EDU β̂6 0.440 0.780 1.573

CPI β̂7 0.019 0.281 0.018

LGDP β̂8 0.777* 0.056 0.404

FINA β̂9 −0.056 0.627 0.116

South

provinces

EP β̂1 −0.001 0.438 0.011

CI β̂2 −0.011 0.206 0.439

GOV β̂3 −0.356* 0.058 0.111

SEV β̂4 1.056*** 0.001 0.001

PD β̂5 −0.002*** 0.002 0.008

EDU β̂6 −1.717 0.166 0.186

CPI β̂7 −0.021* 0.068 0.315

LGDP β̂8 1.282*** 0.004 0.001

FINA β̂9 −0.304*** 0.007 1.234

***, **, and * respectively indicates significance at the 1, 5, and 10% level.

GDP exceeds 10.237, the health-promoting effect of urbanization
will become significantly weaker. This is consistent with the
results in Tables 3, 4, so the conclusion of this paper is valid. In
Table 7, the regression coefficients of the control variables shows
that environmental pollution (EP), population density (PD), and
GDP have significant impacts on the death rate (DR), while
the other control variables (especially education EDU) are not
always significant.

CONCLUSIONS

This paper performs a panel unit root test to examine whether
Gibrat’s law is applied to China’s urbanization. Table 2 shows
that the stationary hypothesis of death rate cannot be rejected,
which suggests that health indicators follow a random walk and
urbanization is an important variable effect on population health.
Subsequently, this paper uses panel data to explore the threshold
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effects of urbanization on population health in China and the
northern and southern provinces of China by using the PTRM.
In our study, urbanization is defined as the proportion of the
urban population with respect to the total population (URB), and
we find that 10.237 and 10.823 serve as the threshold rate for
logarithm of per capita GDP in China and northern provinces,
respectively. When logarithm of per capita GDP falls below this
level, the increase in urbanization and economic will contribute
to improved population health. Once this level is exceeded, the
negative relationship of urbanization on death rate is significantly
weaker, that is, the health-promoting effect of urbanization is
greatly reduced. However, there is no threshold effect in the
South. These findings provide valuable insights for policy makers
on how to equitably deliver health services to improve the
health status of populations in the face of rapid urbanization.
Urbanization plays a positive role in promoting the health of the
population, and the government can improve the health level
of residents by promoting urbanization, so that urbanization
will benefit people. However, urbanization should not be seen
as a solution to health problems, but should be accompanied by
effective health policies to avoid wasting medical resources in the
social development process.
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Does the Economic Growth Improve
Public Health? A Cross-Regional
Heterogeneous Study in China
Xiao-Tong Niu, You-Cai Yang* and Yu-Cong Wang

School of Economics and Management, Qingdao University of Science and Technology, Qingdao, China

On public health, the effect of economic growth in China is analyzed in this paper by using

the panel threshold regression model. The empirical study from 2000 to 2017 shows that

China’s economic growth has a significant threshold effect on public health. After the

threshold is exceeded, public health will be improved dramatically. The threshold effect is

heterogeneous at the regional level. The eastern region has no threshold, and both central

and western regions have a single significant threshold. However, the threshold value and

threshold effect in the central and western regions are also different. The heterogeneity

is caused by the different levels of regional economic development. Therefore, based on

public health utility maximization, the government should make different health policies

according to the characteristics of regional development.

Keywords: economic growth, heterogeneous, panel threshold regression, public health, China

INTRODUCTION

This study aims to see if economic growth (defined as GDP per capita, lnpgdp) is affected by public
health (defined as health expenditure, PH) and if regional heterogeneity exists. People who are in
good health are more efficient economically. Since healthy people expect to live longer and are
naturally more worried about their potential financial needs, better health leads to higher savings
rates. Education is another connection between health and the economy. With the economy’s
growth, various medical policies have been constantly implemented, and people’s living standards
have improved, which causes public health to become a topic of concern (1–3). China, the world’s
second-largest economy, with its rapid economic growth, promotes the continuous improvement
of national health policy and healthcare system, as well as a substantial increase in health spending.
Since the medical reform started in 2009, China has achieved nearly universal health coverage for
95% of the population, more than 1.3 billion people (4). In 2016, the New Rural Cooperative
Medical Scheme and the Basic Medical Insurance for Urban Residents were merged into the
Basic Medical Insurance for Urban and Rural Residents. The merger reduced the inequality in
reimbursement and improved the service efficiency in China (5). Economic growth promotes the
increase in health expenditures, which can be explained in the following two ways. First, as the
country’s economy grows, the scale of public health expenditures and financial subsidies brought
about by the improvement of the medical system will increase year by year (6, 7). Second, economic
growth has greatly increased residents’ incomes. Life quality gets guaranteed, people pay more
attention to health issues, and health-related expenditures are increased (8–10). The improvement
of public health will promote the improvement of people’s work efficiency and the extension of
working hours, which will promote economic growth and form a virtuous circle (11–13).
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Can economic growth improve public health? Preston found
that as early as 1975, economic development level is one of the
important factors affecting public health level. Although there
is no unanimous conclusion, most researchers believe that it
positively relates to public health. Gerdtham and Jönsson (14)
reveal that GDP per capita contributes significantly to explaining
the healthcare expenditure’s variation. Braendle and Colombier
(15), Gürler andÖzsoy (16), and Shahbaz et al. (17) demonstrated
this. Other scholars believe that economic growth fails to improve
public health and inhibits the improvement of public health.
Alves et al. (18) and Pope et al. (19) argued that economic growth
had been accompanied by industrialization and urbanization.
With the worsening of environmental pollution, people’s health is
threatened. Acemoglu and Johnson (20) and Ruhm (21) believed
that the rising unemployment rate could effectively reduce the
death rate. The threshold model is used in this study to examine
the impact of economic growth on the public’s health. Is there any
regional heterogeneity in how economic growth affects public
health? In areas with a high level of economic development,
welfare policies are higher, and the public health policies and
healthcare systems provided aremore complete (22–24). Popham
et al. (25) argued that Scandinavia’s high economic level enables
it to be the most developed welfare state, and its public health
advanced worldwide. Robinson et al. (23), Rydland et al. (24), and
Thompson (26) also believed that different from areas with high
economic growth, low economic development regions have poor
health security coverage and limited access to health services,
resulting in poor public health (27, 28). Babitsch et al. (29)
believed that health expenditure is lower in lower socioeconomic
groups, even though their health needs are higher. Therefore, the
impact of economic growth on public health is heterogeneous.
Health impacts are different between developed and developing
countries (30).

China’s economy develops rapidly, where science and
technology have also made great progress. At the same time,
people’s living standards and nutritional status have greatly
improved. Theoretically speaking, China’s medical and health
services have great development. The government has an
inescapable responsibility for the medical and health market,
subsidizing and intervening in the medical and health market
through its financial activities or administrative management
methods. The number of health technicians per 1,000 people in
China rises from 3.63 in 2000 to 7.26 in 2019, and the growth rate
is 134.05%. The COVID-19 pandemic has precipitated a global
crisis due to the continued absence of a vaccine or cure. With
the economic growth and technological progress, China makes
extensive use of mobile health technology to collect medical data
and provide health services, which is critical in combating the
COVID-19 epidemic (31). This study examines the relationship
between economic growth and public health in China, the world’s
most populous developing country with a population of more
than 1.3 billion people, using literature to help policymakers
understand better in developing countries the economic growth
effect on public health and develop targeted policies. China is
a vast country, and different regions have great differences in
economy, society, ideology, and geography. The 30 provinces
of China can be divided into three regions—eastern China

is highly developed, central China is moderately developed,
and western China is least developed (22). Different levels of
economic development led to differences in medical policies
and health expenditure among regions, which further leads to
regional differences in health conditions (27). The eastern region
has the best medical and healthcare services, while the central
and western regions have relatively balanced medical resources.
In 2000, there were 2.084, 1.689, and 1.685 health technicians
per 1,000 residents in the eastern, central, and western areas,
respectively. This indicator had risen to 2.68, 2.37, and 2.33 by
2017. As a result, the effect of economic growth on public health
varies significantly across regions. Therefore, it is necessary
to divide China into three major categories, east, central, and
west, and conduct heterogeneity analysis to make the research
conclusions more accurate (See Figure 1).

Can economic growth always promote public health? Most
studies have given relevant favorable evidence. Even so, is
this promotion linear? Does the promotion effect increase or
decrease with the difference of economic growth level? Is there,
in other words, a threshold effect? Is its promotion impact
heterogeneous even across different regions of the same country?
As a consequence, this paper makes the following contributions
to the study of the above problems. To begin with, there is a
limit to China’s economic growth and public health. When the
threshold is reached, economic growth has the potential to boost
public health dramatically. Secondly, from a regional perspective,
the impact of economic growth on public health is linear in the
eastern region. There is no threshold effect, but it appears as a
threshold effect in the central and western regions. This may be
due to the high level of economic development in the eastern
region leading to good medical conditions, which better meet
the people’s requirements for public health. On the contrary,
the economic development of the central and western regions
is underdeveloped, the government’s financial support for public
health is limited, poor medical infrastructure and other reasons
caused the region’s economic growth to exceed the threshold, and
its promotion of public health has increased significantly. Third,
although the central and west have a threshold, the threshold
is different, and the promotion is also different. The specific
manifestation is that the threshold for central China is higher
than that in the west.

The remainder of the analysis is organized as follows: section
Literature Review shows the review of related papers. The
relationship between economic growth and public health is
revealed in section Economic growth with health utility model.
The empirical methods are discussed in section Methodology.
The data is presented in section Data. The empirical analysis is
presented in section Empirical Results. This paper’s research is
summarized in section Conclusions.

LITERATURE REVIEW

On the effect of economic growth on public health, there are
two points of view. Economic growth, it is widely assumed,
enables people to live better, longer lives and enjoy good
health. Most studies agree that economic growth boosts public
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FIGURE 1 | Average medical and health expenditures in eastern, central, and western China from 2000 to 2017.

health. Health expenditure is often used as a measure of
public health. Hamoudi and Sachs (32) believed that economic
growth increases health expenditure. Endrei et al. (33) confirmed
that the economic environment strongly influences health
expenditures in Hungary. Following the outbreak of world
economic crises, the government health insurance expenditures
decreased significantly. Braendle and Colombier (15) showed a
positive correlation between per capita income and growth in
healthcare spending. Gerdtham and Jönsson (14) pointed out
that among the 19 OECD countries, per capita GDP levels have
different effects on health expenditures. In developing countries,
there is a strong association between economic growth and health
spending. Hone et al. (8) studied that economic crisis in Brazil
causes a negative effect on healthcare access. Hone et al. (8)
pointed out that delays in pay medical staff, medicine shortages,
and clinic closures cause reduced health expenditure. Mortality
is also used as a measure of public health. “Preston curve”
means that economic growth and population life expectancy
have a strong correlation. The life span of people in areas with
high economic development is longer than that in areas with
low economic development. Coope et al. (34) suggested that
economic strain may increase the suicide rate of men aged
35–44. Haw et al. (35) explained this phenomenon because
the effect of recession causes unemployment, job insecurity,
financial loss, bankruptcy, and home repossession. According to
Erdogan et al. (36), there is an important and negative association
between infant mortality and real per capita GDP in high-income
OECD countries.

Many scholars have begun to study the mechanism by
which economic growth positively impacts public health. First,
economic growth can promote the improvement of the local
welfare system, thereby improving public health.Welfare regimes
are an established macro determinant for public health (27,
37). Kautto et al. (38) explained that welfare policies had

reduced inequalities in income, housing quality, healthcare
access, and other social and economic outcomes. Eikemo et
al. (28) also found that population health varies significantly
by welfare state regime. Bergqvist et al. (39) claimed that
flexible policies and incentives positively impact everybody in a
population’s well-being.

Similarly, Hall and Lamont (40) claimed that public
policy improves health through economic redistribution and
strengthening individuals’ and communities’ social resources.
Youkta and Paramanik (41) suggested that the government’s
extent and pattern are politically driven. Political factors play
a significant role in determining health expenditure. Second,
economic growth has the potential to increase people’s income
levels; there is no question that increased income levels would
boost public health (42). According to Fogel (43), economic
growth contributes to higher income and a higher quality of
life, which improves health. Summers and Pritchett (44) believed
that an increase in per capita income could reduce infant deaths.
Hamoudi and Sachs (45) found that in developing countries, even
AIDS-endemic countries, higher income levels lead to significant
improvements in public health. Third, a broad consensus holds
that economic growth pushes forward technological progress,
including medical technology advancement, from which results
in health levels are improved (9). Dreger and Reimers (46)
analyzed accounts that health expenditures are not driven solely
by income but also by medical progress. According to Fuchs (47),
the rapid growth in healthcare spending in the United States over
the last three decades has been propelled by technological change,
as indicated by Newhouse (48). Newhouse (48) also pointed out
that technological advancement is a major factor in healthcare
costs. According to Newhouse (48), technological progress is the
driving force behind healthcare spending in various countries.
Another view is that economic growth inhibits public health.
Many studies are showing that economic growth also increases
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environmental pollution, endangering public health. Scholars
pay close attention to the impact of environmental pollution on
public health (49–51). Deryugina et al. (52) supported that severe
environmental pollution is a major risk factor that affects public
health. Alberini et al. (53) demonstrated that more pollution in
the city would cause higher mortality. In the context of China,
Fan et al. (54) estimated that the air quality index is significantly
related to mortality. According to Gehring et al. (55), reduced
levels of air pollution can help prevent the development of
asthma in children.

As one can see, most scholars believe that economic growth
can significantly promote the level of public health, but some
scholars believe that economic growth leads to serious pollution
and environmental damage and damages the level of public
health. Economic growth on health is different in different
countries and regions, and it is challenging to form consistent
empirical conclusions and systematic theoretical explanations.
This article can enrich relevant research. In addition,most studies
take a single country as the research object and analyze the
impact of a country’s overall economic growth on public health,
failing to consider regional heterogeneity. This article takes China
as the research object and divides it into three regions. The
specific analysis of the regional economic development stage
and other basic development issues obtains conclusions and
opinions with a reference value and proposes more feasible
ways to improve public health—level of policy recommendations.
Finally, most of the studies between the two have chosen
quadratic functions. This article uses the threshold model to
study the relationship between the two and make the research
conclusions more accurate.

ECONOMIC GROWTH WITH HEALTH
UTILITY MODEL

Using Ramsey (56) and Tai et al. (57) model, we have described
the effect of economic growth on public health. Many companies
are the same. To produce and sell output, competitive firms rent
capital and hire workers, and each has exposure to the production
function Y= F (K, AL), which meets Inada conditions. There are
four variables, output (Y), capital (K), labor (L), and knowledge
(A), where the growth rate of A is g and that of L is zero.
So, the marginal capital product (γ (t)) is ∂F(K,AL)

�∂K and
the marginal product of labor ∂F(K,AL)

�∂L. A fixed amount of
infinitely lived households includes labor supply, capital holding,
consumption, and savings. The form of the household’s utility
function is changed to U =

∫ ∞
t=0 e

−ρtu(H,C)dt, where H is
the health consumption and C is the general consumer, which
means that the happiness of consumers depends not only on the
consumption of general goods but also on the expenditure on
health. u(H,C) is the instantaneous utility function, and ρ is the

discount u(H,C) = (H+C)1−η

1−η
, η < 0, ρ − (1− η)g > 0.

The evolution of the capital is

•
K = Y − C −H − δK (1)

where capital depreciates at a rate δ.

The objective of the household can be expressed by
the following:

Max

∫ ∞

t=0
e−ρtu(H,C)dt subject to

∫ ∞

t=0
-R(t)(H+ C)dt

≤ Y(0)+

∫ ∞

t=0
e−R(t)W(t)dt and lim e

s→∞

−R(s)K(s) ≥ 0 (2)

where R(t) =
∫ t
τ=0 γ (τ )dτ .

The first-order condition implies the Euler equation:

(Ḣ + C)

H + C
= F(Y , g, η), (3)

Therefore, health spending is the function of GDP and
technology. Suppose that H is proportional to C, then

1H

H
= F(Y , g, η),

thus healthy consumption depends on economic growth and
technological progress. Moreover, Ruhm tells us that health is
the function of pollution (P), medical care (M), etc. It means
1H
H = F(Y , g, η, P,M). Therefore, economic growth will lead
to the change of health expenditure, which may be linear or
non-linear and may be the threshold effect of structural change.

METHODOLOGY

Compared with the quadratic non-linear functional relationship,
the non-linearity of the threshold model is determined by
whether there is an endogenous threshold. The model is made
up of three phases in general: (i) endogenous threshold values
are estimated first, which avoids the need for an arbitrary
classification scheme Hansen (58) and thus increases the validity
of the results; (ii) thresholds (multiple or single) are used so that
country samples can be segmented to classify (or “phases” in this
model); and (iii) associations between outcome variables and the
explanatory variables are finally established (phase).

The foundation for constructing more complex models is
a one-threshold model. As a result, we examine the non-
linear association between health spending and economic growth
in this analysis using the Hansen (58) panel single-threshold
regression model. An equation for the one-threshold model with
{PHit , LNpgdpit , xit : 1 ≤ i ≤ n, 1 ≤ t ≤ T} is

PHit =

{

µi + β1lnpgdpit + α
′

1xit + εit, if GDPit ≤ γ

µi + β2lnpgdpit + α
′

2xit + εit, if GDPit > γ
(4)

Where PHit denotes health expenditure for country i in year t;
lnpgdpit is the threshold variable which is the logarithm of per
capita real GDP; the estimated threshold value is γ ; the threshold
coefficients are β1 and β2; x_it is the control variable; and the
control variable coefficients are α1 and α2; and the fixed effect in
different countries under different conditions is denoted by µit.
εit is a white noise machine that conforms to εit ∼ (0, σ

2); the
countries and time intervals are denoted by i and t.
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The following formula can be written by modifying
Equation (4):

PHit = µi + β1lnpgdpitψ(lnpgdpit ≤ γ)

+β2lnpgdpitψ(lnpgdpit > γ)+ α
′xit + εit (5)

where ψ (.) are functions taking the value of 0 or 1.
In order to quantify the average health of each sample country,

µ_i is removed using Eq. (5), resulting in:

PHi = µi + β1lnpgdpitψ(lnpgdpit ≤ γ)

+β2lnpgdpitψ(lnpgdpit > γ)+ α
′xit + εit (6)

DATA

The empirical analysis in this study estimates in China the impact
of economic growth on public health using panel data from 30
provinces from 2000 to 2017. China has been vigorously pursuing
an opening strategy that has increased economic growth since the
year 2000. China’s accession to the World Trade Organization in
2001 made it become one of the major economies in the world
(59). Therefore, the research in this paper started in 2000. The
data sources are the China Statistical Yearbook, China Industry
Statistical Yearbook, and China Health Statistics Yearbook. Our
dataset contains the following annual macro-variables: lnpgdp as
an economic growth indicator and a threshold variable (2, 26, 57),
and health expenditure (PH) as public health (33, 42, 46).

Regarding public health, an evident and important stylized
fact is the widespread rise in health spending. The medical and
health expenditure in the sample data was 70.952 billion yuan
in 2000 and rose to 1520.58 billion yuan in 2017, an increase
of 204.3%. Specifically, the average values of the eastern, central,
and western regions in 2000 are 2.25, 1.13, and 1.06 billion yuan,
respectively. In 2017, the average values were 54.45, 43.49, and
37.398 billion yuan. All three regions showed an upward trend in
the same proportion, with the highest in the east and the lowest
in the west.

This study introduces six control variables. The first is
mortality (ML); mortality refers to the ratio of the number of
dead individuals in a certain period to the average population
in the same period in a region. Mortality can judge the health
habits and medical quality of a region, and it has a close
relationship with public health. The disposable income per capita
(CPI) is the second component. The CPI is an economic index
representing the direction and magnitude of price shifts in
consumer goods and services that affect people’s lives (28). SO2

pollution (EP) harms vegetable growth and poses a severe threat
to public health (1), resulting in significant social and economic
losses in China. R&D spending (TP) is the fourth variable;
technological advance is critical to public health (31). Low value
added, high emissions, and energy intensity characterize the
secondary industry, contributing to environmental degradation
(53). Hence, the share of secondary industry in GDP and the total
industrial output value is introduced as an explanatory variable in
this study (20).

The descriptive statistics are shown in Table 1. To define the
non-linear relationship and reduce the effects of heterogeneity,

all variables are in logarithmic form. The mean values of the
five indicators, including PH, lnpdp, TP, IO, and SI, are highest
in the east, followed by the middle and the lowest in the west.
Specifically, the logarithmic average values of medical and health
expenditure in eastern, central, and western China are 13.79,
13.625, and 13.248, respectively. The logarithmic average per
capita GDP of eastern, central, and western China is 10.358,
9.803, and 9.654, respectively. There is a significant divide
between the eastern and western areas due to the highest level
of economic growth among the three regions. The eastern
region has the largest average R&D expenditure. During the
sample period, the eastern region has a higher industrialization
level and a faster development speed, followed by the central
region and the western region. There is a big gap between the
eastern and western regions. Among the other three variables,
mortality in the western region is the highest at 6.186, that in
the central region is 6.051, and that in the eastern region is
5.877. This is due to the economic development in the east
and the high level of medical care (33). The average value
of the consumer price index is about 102, indicating little
difference between the eastern, central, and western regions.
SO2 emissions are 4.242 in the central region, 3.946 in the
west region, and 3.721 in the east region; this is due to the
relevant national environmental policy which promoted the east
area of environmental regulation, strengthened environmental
protection, including the government subsidies, and improved
technology of enterprises and other means to control the
emissions of SO2 (19) effectively. Health spending is skewed to
the left in every survey data structure. All of the data series have
a normal distribution, according to the Jarque-Bera test findings.

EMPIRICAL RESULTS

Wefirst test for cross-sectional dependence using Pesaran’s cross-
section dependence test before moving on to unit root tests (58)
(see Table 2). The assumption of cross-sectional independence
was used in the early literature on unit root studies (58). However,
macrolevel data often deviates from this principle, resulting in
low power and size distortions for tests that presume cross-
section independence. When studying the correlation between
economic growth and public health, the possible cross-sectional
dependency is taken into account, as it has been in several
studies. Stata 15 was used in this study to perform Levin–Lin–
Chu tests to guarantee the validity of test results (LLC). The
cross-sectional to time-series ratio to reach zero established a unit
root testing that assumes the panel’s time-series dimension must
expand faster than the cross-sectional dimension. You can check
whether each variable has a unit root or only individual intercept
using individual intercept and time choices. The unit root test’s
null hypothesis is that a unit root exists. The stationarity test
shows that the variables in the model are stationary and meet the
threshold regression modeling criteria, ruling out the unit root
hypothesis (58). As a result, we investigate the panel threshold
regression model (PTRM).

The self-sampling test of the economic growth threshold
effect on public health is shown in Table 3. In the regression,
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TABLE 1 | Descriptive statistics of the variables.

Obs Mean Std. dev. Min Max Skewness Curtis Jarque-Bera

China PH 540 13.578 1.346 10.065 16.386 −0.225 2.131 21.575

lnpgdp 540 9.980 0.810 7.922 11.832 −0.138 2.224 15.258

ML 540 6.021 0.692 4.210 7.695 −0.399 2.766 15.599

CPI 540 102.263 2.035 96.700 110.090 0.453 3.216 19.537

EP 540 3.944 0.901 0.357 5.299 −1.366 5.284 28.488

TP 540 13.582 1.635 9.024 16.969 −0.320 2.684 11.463

IO 540 9.213 1.148 5.978 11.667 −0.260 2.696 8.180

SI 540 8.066 1.194 4.393 10.574 −0.427 3.009 16.398

Eastern China PH 216 13.790 1.283 10.241 16.386 −0.319 2.516 5.788

lnpgdp 216 10.358 0.763 8.445 11.832 −0.285 2.318 7.110

ML 216 5.877 0.687 4.210 7.400 −0.289 2.728 3.668

CPI 216 102.124 1.924 97.650 107.780 0.212 2.882 1.749

EP 216 3.721 1.169 0.358 5.300 −1.031 3.324 39.246

TP 216 14.308 1.684 9.025 16.970 −0.884 3.646 31.906

IO 216 9.659 1.218 5.978 11.667 −0.768 3.463 23.158

SI 216 8.490 1.199 4.644 10.574 −0.691 3.473 19.224

Central China PH 162 13.625 1.309 11.419 15.940 −0.086 1.603 13.354

lnpgdp 162 9.803 0.706 8.487 11.054 −0.187 1.727 11.873

ML 162 6.051 0.539 4.740 7.280 0.225 2.431 2.542

CPI 162 102.262 1.979 98.300 107.190 0.402 2.564 5.644

EP 162 4.242 0.543 2.810 5.106 −0.052 2.350 2.924

TP 162 13.554 1.162 10.418 15.762 −0.281 2.611 3.158

IO 162 9.226 0.869 7.507 11.018 −0.058 2.014 6.659

SI 162 8.205 0.870 6.367 9.949 −0.096 2.191 4.676

Western China PH 162 13.248 1.410 10.066 15.934 −0.143 2.042 6.751

lnpgdp 162 9.654 0.771 7.923 11.090 −0.167 1.907 8.822

ML 162 6.186 0.794 4.260 7.695 −0.801 2.842 17.510

CPI 162 102.452 2.224 96.700 110.090 0.625 3.583 13.169

EP 162 3.946 0.667 2.224 4.987 −0.662 2.724 12.359

TP 162 12.644 1.492 9.371 15.668 −0.047 2.292 3.441

IO 162 8.606 1.019 6.237 10.675 −0.104 2.390 2.805

SI 162 7.363 1.161 4.393 9.587 −0.288 2.631 3.151

we set the number of bootstraps as 1,000 times, ignored the
1% variable in the two segments of the threshold variable, and
set the regression gird as 400, which reduced the workload
of dismantling molecular samples in the model to a certain
extent. According to the threshold theory of Hansen (58), in
the single-threshold panel model, the F statistic is 54.7, and the
corresponding P-value is 0.0333. It rejects the original hypothesis
of the linear model. That is, there is at least a threshold that
is significant at a 5% confidence level. The regression results
of the panel double-threshold model showed that the F-statistic
value for testing the double-threshold effect is 9.5, and the
corresponding P-value is 0.874. The null hypothesis here is that
only one threshold is accepted.

According to the regression results of variables in different
threshold intervals given in Table 4, when the threshold value
is not exceeded, the regression coefficient of economic growth
to public health is 1.146. When the threshold value of economic
growth is exceeded, the regression coefficient increases to 1.167,

as well as the coefficient value before and after the threshold
at the 1% significant level. This suggests that China’s economic
growth has a clear threshold impact on public health and that
the larger the elasticity of economic growth on public health after
the threshold is reached, the more successful the public health
progress would be. No question increasing income levels would
help to boost public health. Economic growth leads to increased
wages and a higher quality of life, which improves health (36).

As is shown in Table 1, there are large discrepancies in
terms of economic development across different regions (59).
Furthermore, the natural resources, economic structure, regional
development policies, and systems also vary across economic
zones, and the gap between the economic development of
the three economic zones is widening in the long term (59).
As a result, when analyzing Chinese data, a regional analysis
is sufficient.

Table 5 shows the self-sampled impact of economic growth
on public health in the eastern, central, and western regions. In
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the eastern region, the F-statistic value of the single threshold
effect in the eastern region is 19.15, and the corresponding
P-value is 0.2767. The hypothesis of the linear model is adopted.
The single economic growth threshold for the central region
is 9.595, which is important at a significance level of 5%, and
the F-statistic is 39.06. The linear model’s null hypothesis is
rejected. A further test of the double threshold effect showed
that the F-statistic value was 17.06, and the corresponding P-
value was 0.130. The null hypothesis there is that only one
threshold is accepted. In the regression results of the single-
threshold panel model in the western region, the F-statistic value
is 23.97, and the corresponding P-value is 0.080, which also
rejects the null hypothesis of the line model and is significant at

TABLE 2 | Panel unit root tests.

Variables Panel augmented Dickey–Fuller test

Levin–Lin–Chu Im–Pesaran–Shin

T-statistic P-value T-statistic P-value

PH −5.177*** 0.000 −3.933*** 0.0001

Lnpgdp −9.063*** 0.000 −3.837*** 0.000

ML −3.218*** 0.001 −3.816*** 0.0001

CPI −10.477*** 0.000 −1.955** 0.074

EP −1.772** 0.081 −1.988** 0.059

TP −12.272*** 0.000 −2.102** 0.018

IO −9.722*** 0.000 −8.293*** 0.000

SI −10.462*** 0.000 −3.234*** 0.0006

*** and **, respectively, indicates significance at the 1 and 5% level.

the confidence level of 10%. The F-statistic value of testing the
double-threshold effect is 6.07, and the corresponding P-value is
0.673, not significant. The null hypothesis here is that only one
threshold is accepted.

Since there is no threshold between economic growth and
public health in the eastern region, it meets the linear relationship
and passes the Hausman test, and the fixed-effect regression
is conducted for the eastern. Regression results are shown in
Table 6. In the eastern region, economic growth significantly
affects public health, and it is significant at the level of 1%
with a coefficient of 1.249. With a total area of 1,294,000 km2,
China’s east coast accounts for 13.5% of the country’s total area.
Fossil fuels, seafood, iron ore, and minerals are abundant in the
eastern region (44). Local governments are responsible for most
of China’s medical and health expenditure, and the eastern region
has a high level of economic development and is able to support
public resource investment. Eastern governments have a sense
of development, making local governments pay more attention
to the people’s livelihood, and the corresponding medical and
health spending has also had increased (48). The eastern region
has the largest number of medical practitioners, health personnel,
and medical and health institutions among the three regions.
It also has the most medical-related professional knowledge,
the medical security system is in place, and the people also
have health awareness. At the same time, the budget allocations
of directly affiliated health institutions and medical research
institutions are mainly borne by the central government. Most
of these institutions are located in the eastern regions. As a
result, the eastern region is better able to meet people’s demand
for health spending. However, there is no non-linear structural
change of threshold characteristics.

TABLE 3 | Tests for threshold effects between GDP and public health.

Threshold variable Threshold F-stat Prob Crit10 Crit5 Crit1

Lnpgdp Single 54.700** 0.039 43.261 51.314 68.675

Double 9.500 0.874 39.115 45.184 58.596

** indicates significance at the 5% level.

TABLE 4 | Estimated results of the economic growth threshold model.

Variable Coef Std. err. t P > |t| [95% conf. interval]

ML 0.077*** 0.022 3.44 0.001 0.033 0.121

CPI −0.010*** 0.004 −2.57 0.001 −0.017 −0.002

EP −0.087*** 0.0257 −3.39 0.001 −0.137 −0.036

TP 0.209*** 0.039 5.36 0.000 0.132 0.285

IO −0.175** 0.095 −1.84 0.066 −0.362 0.0115

SI 0.336*** 0.064 5.25 0.000 0.210 0.462

PH(lnpgdp ≤ 9.430) 1.146*** 0.116 9.87 0.000 0.918 1.374

PH(lnpgdp > 9.430) 1.167*** 0.115 10.08 0.000 0.940 1.395

_cons −1.645*** 0.572 −2.87 0.004 −2.769 −0.520

*** and **, respectively, indicate significance at the 1 and 5% levels.
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TABLE 5 | Tests for threshold effects between GDP and public health in the subregion.

Region Threshold F-stat Prob Crit10 Crit5 Crit1

Eastern China Single 19.15 0.2767 28.846 33.783 42.218

Central China Single 39.06*** 0.003 24.340 28.557 36.722

Double 17.06 0.130 17.94 21.582 28.659

Western China Single 23.97* 0.080 22.174 25.290 32.166

Double 6.07 0.673 18.096 21.857 28.354

*** and *, respectively, indicate significance at the 1 and 10% levels.

TABLE 6 | Regression of fixed effect of panel data in Eastern China.

Region Variable Coef Std. err. t P > |t| [95% conf. interval]

Eastern China Lnpgdp 1.249*** 0.120 10.4 0.000 1.013 1.485

ML 0.091*** 0.023 3.91 0.000 0.045 0.137

CPI −0.008** 0.004 −2 0.047 −0.016 0.000

EP −0.046* 0.026 −1.75 0.080 −0.097 0.006

TP 0.175*** 0.040 4.34 0.000 0.096 0.254

IO 0.339*** 0.067 5.08 0.000 0.208 0.471

SI −0.114 0.099 −1.16 0.248 −0.308 0.080

_cons −3.011*** 0.558 −5.39 0.000 −4.108 −1.914

***, **, and *, respectively, indicate significance at the 1, 5, and 10% levels.

TABLE 7 | Estimated results of the threshold model for economic growth in Central and Western China.

Region Variable Coef Std. err. t P > |t| [95% conf. interval]

Central China ML 0.107** 0.042 2.53 0.012 0.023 0.191

CPI −0.024*** 0.006 −3.49 0.001 −0.037 −0.010

EP −0.036 0.054 −0.67 0.504 −0.143 0.070

TP 0.113 0.085 1.32 0.187 −0.055 0.281

IO 0.224** 0.111 2.01 0.046 0.003 0.444

SI −0.248* 0.127 −1.96 0.052 −0.499 0.002

lnpgdp(lnpgdp ≤ 9.595) 1.428*** 0.192 7.42 0.000 1.047 1.808

lnpgdp(lnpgdp > 9.595) 1.463*** 0.191 7.64 0.000 1.085 1.84

_cons −0.182 0.928 −0.20 0.844 −2.01 1.652

Western China ML 0.060 0.042 1.45 0.150 −0.022 0.143

CPI −0.001 0.006 −0.29 0.770 −0.014 0.010

EP −0.095* 0.051 −1.85 0.067 −0.198 0.006

TP 0.036 0.063 0.57 0.570 −0.088 0.161

IO 0.544*** 0.104 5.23 0.000 0.338 0.751

SI 0.138 0.181 0.77 0.445 −0.219 0.496

lnpgdp(lnpgdp ≤ 9.448) 0.741*** 0.191 3.86 0.000 0.361 1.120

lnpgdp(lnpgdp > 9.448) 0.766*** 0.191 3.99 0.000 0.386 1.144

_cons −0.027 1.140 −0.02 0.981 −2.281 2.227

***, **, and *, respectively, indicate significance at the 1, 5, and 10% levels.

Table 7 illustrates the estimation results of the threshold
model in the western and central regions, respectively. Among
them, the threshold value of economic growth in the central
region is 9.595, and the threshold value of economic growth
in the western region is 9.448, which is higher in the central
region than in the western region. The regression coefficients

of economic growth to public health in central and western
regions are significant at a 1% level. When the economic growth
in the central region exceeds the threshold value, the impact
factor increases from 1.428 to 1.463. When the western region’s
economic growth exceeds the threshold value, the impact factor
increases from 0.741 to 0.766. It shows that economic growth
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contributes more andmore to public health in China’s central and
western regions and has the greatest effect on the central region.

The central area is rich in metal and non-metal resources,
which has led to the growth of the heavy industry (27).
Energy-intensive industries have made substantial progress in
central regions since the introduction of the central region rise
strategy (27). There are still many shortcomings in economic
development, such as serious resource consumption, low output
efficiency, excessive pollution discharge, weak capacity for
independent innovation, and some overcapacity. The industrial
structure in the central region consists of a high proportion
of steel, petrochemical, cement, and other industries with high
energy load (50). Along with the economic development, people’s
living standards have been improved to a certain extent, but
health expenditure has not been better met. As the economy
grows, its contribution to health spending changes structurally.

The terrain in the western area is challenging to navigate, and
transportation and investment are scarce. The western region
covers a wide area and has lower levels of urbanization, health
financial services, and human resources than the eastern and
central regions. China implemented the Western Development
Strategy (WDS) in the year 2000. In its early years, WDS helped
the economic development of western regions and sparked rapid
growth. The WDS, for example, has increased the annual growth
rate of the western regions by about 1.5% since 2000, according
to (59). Besides that, since theWDS reduces the overall corporate
income tax rate by 11.5%, it has prompted a rise in labor,
human capital, and fixed assets, improving existing companies’
competitiveness (23). However, compared with the eastern and
central regions, there is still a certain gap. The per capita GDP
of the western region is lower than the national average level,
which is in line with the objective reality that the western region is
an underdeveloped region among the three major regions in the
country (22). Regional financial support is insufficient, leading to
the western public health services being still relatively backward.

Last but not least, most of the provinces in western China
rely on resources to develop their economy, and the industrial
chain is not perfect and too short. There were policy traps in the
WDS (22) implementation. Local governments have emphasized
fixed-asset investments and energy extraction while neglecting
structural changes and soft environmental construction, resulting
in inadequate healthcare spending in this area. Therefore, when
the economy grows in the western region, its promoting effect
on health expenditure will also significantly change. However,

the development of the western region is far from reaching the
development level of the central region, and its promoting effect
will also be smaller than that of the central region.

CONCLUSIONS

This paper examines the effect of economic growth on public
health in China’s three major geographic regions. Economic
growth is described in our study as real GDP per capita (GDP).
We use a PTRM and a linear regression model to examine the
heterogeneity of economic growth on public health in China
due to significant regional variations. Because of the high level
of economic growth in the eastern region, the development of
public health has been normalized, and there is no threshold.
The economic growth thresholds in the central and western
regions are 9.595 and 9.448, respectively.When economic growth
exceeds this threshold, both the effect of economic growth on
public health and economic growth on public health will increase
instantly. Since the western region’s economic development lags
behind that of the central region, the promotion impact would be
less than that of the central region. This suggests that a partial
reallocation of medical services to China’s central and western
regions makes sense, as it encourages economic growth and thus
improves public health. The empirical model described in this
paper may be used as a basis for future research into regional
heterogeneity in China or other countries.
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This paper discusses the impact of air pollution on medical expenditure in eastern,

central, and western China by applying the fixed-effect model, random-effect model,

and panel threshold regression model. According to theoretical and empirical analyses,

there are different relationships between the two indexes in different regions of China.

For eastern and central regions, it is obvious that the more serious the air pollution is,

the more medical expenses there are. However, there is a non-linear single threshold

effect between air pollution and health care expenditure in the western region. When

air pollution is lower than this value, there is a negative correlation between them.

Conversely, the health care expenditure increases with the aggravation of air pollution, but

the added value is not enough to make up for the health problems caused by air pollution.

The empirical results are basically consistent with the theoretical analysis, which can

provide enlightenment for the government to consider the role of air pollution in medical

expenditure. Policymakers should arrange the medical budget reasonably, according to

its situation, to make up for the loss caused by air pollution.

Keywords: industrial air pollution, health care expenditure, east, center, west, panel threshold regression model

INTRODUCTION

Industry has contributed a lot to economic development in any country. The rapid rise and
vigorous development of industry is a vital consideration of economic development, which is
reflected in the improvement of national income and per capita income, international trade,
employment, urbanization level, and so on. The acceleration of industrialization is inevitable, but
the continuous occurrence of natural and human disasters in recent years indicates that industry
has become an important driver of environmental destruction and pollution (1). The reason why
the manufacturing industry leads to air pollution is that they emit a lot of chemical gases such
as nitrogen oxides and carbon oxides into the air, which not only aggravates air pollution but
also harms people’s health (2). Most of the pollution on earth can be attributed to industry (3),
and industrial exhaust is the second-largest source of pollution after automobile exhaust (4).
Due to the global environmental impact of industrial waste gas and detrimental effects for the
health of humans, it has gradually become a topic of concern. This is mainly because industrial
pollution is imposed on those who do not produce pollution in economic production in a negative
external form. Air pollution is now the largest single environmental health risk on Earth and
will soon become a vital cause of disease and death in low-income countries. These industrial
exhaust emissions are often accompanied by excessive temperature and heat generation, which
subtly changes the climate, changing people’s arterial pressure and blood viscosity, and causes
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some cardiovascular and cerebrovascular diseases (5). The
vigorous development of the economy has improved people’s
quality of life, but environmental problems are becoming
increasingly prominent. Among 338 cities above prefecture level
in China, only 99 cities meet environmental quality standards,
accounting for only 29.3%, while the rest of the cities are heavily
polluted areas, seriously exceeding air environmental quality
standards (6). The health problems and related diseases caused
by this pollution have been well-documented (7). For instance,
industrial air pollution may cause carcinogenicity, pulmonary
tuberculosis, pneumonia, cancer, and otitis media infection in
early childhood (2, 8, 9). These diseases caused 9 million
premature deaths worldwide in 2015, accounting for 16% of the
deaths that year, three times the total number of deaths caused
by AIDS, tuberculosis, and malaria, and 15 times the number of
deaths caused by war and other violence.

The existence of air pollution exacerbates human health
problems, which will lead to an increase in medical and health
costs. The official statistics department of China shows that
China’s total health costs has risen from 2434.591 billion yuan in
2011 to 5259.828 billion yuan in 2017, an increase of more than
two times (10). But the government’s public health expenditure
accounts for only about 30%, an increase of fewer than two
times. It can be seen that the scale of public health expenditure
in China is relatively small, and the increase in response to
the deterioration of the health environment is insufficient. To
a certain extent, it is not enough to make up for the negative
influence of air pollution on residents’ health (11). Therefore, it
is particularly important to study the correlation between them,
to provide a reference for a more reasonable arrangement of
public health expenditure, and formulate more comprehensive
environmental protection measures (12).

By combing the previous literature, we find that air pollution
is related to the increase in health expenditure, and there
is a non-linear relationship between them (13). However,
previous papers on China’s environmental pollution and medical
expenditure regarded China as a whole, but few studies have
focused on specific regions of China. As a country with
obvious environmental problems, this topic is worth discussing.
Therefore, the question remains as to what the relationship is
between the two variables in different regions of China? Will
industrial gas emissions increase medical expenditure? Is there
a threshold between them? Will this relationship change with
different resource endowments and geographical conditions in
eastern China, central China, and western China?1 At present,
the emission of sulfur dioxide, nitrogen oxides, and smoke
(powder) dust is included in the industrial waste gas as the
standard, which is used as the measurement indicator of air
pollution degree. Based on the panel data of 14 years in China

1Eastern China includes: Liaoning province, Beijing, Tianjin, Hebei province,

Shanghai, Jiangsu province, Zhejiang province, Fujian province, Shandong

province, Guangdong province, Hainan province. Central China includes: Jilin

province, Heilongjiang province, Shanxi province, Anhui province, Jiangxi

province, Henan province, Hubei province, Hunan province. Western China

includes: Neimenggu, Guangxi, Chongqing, Sichuan province, Guizhou province,

Yunnan province, Xizang, Shanxi province, Gansu province, Qinghai, Ningxia,

Xinjiang.

since 2002, this paper employs a fixed-effect model, random-
effect model, and panel threshold regression model (PTRM) to
explore the existence of threshold effect of industrial air pollution
on medical expenses in eastern, central, and western China.
From the results, we notice a positive correlation between air
pollution and health care expenditure in the eastern and central
regions, and the effect of the central region on air pollution
is greater compared with the eastern region. In the western
area, there is a non-linear threshold effect between the two. Air
pollution reduces medical expenditure before the critical value
but increases health care expenditure after the critical value.
But the added value is not enough to bear the consequences of
air pollution.

The contributions of this paper are as follows. First of all,
previous studies have focused on the impact of air pollution
on public health, but few studies have explored the impact
of air pollution on medical expenditure. Although the existing
literature has widely proved the relationship between the two,
there has been no specific study on the three regions with
different conditions in China. Therefore, we try to study the
impact of air pollution on medical expenditure in the eastern,
central, and western parts of China. Secondly, fine particulate
matter (PM2.5) is often used as an important indicator of air
pollution in the existing literature, and it is a single indicator.
However, this paper uses industrial waste gas including carbon
oxides, nitrogen oxides, and other gases as the environmental
indicator, which can more fully reflect the impact of air pollution
on medical expenditure.

In addition to the introduction, in the second part we comb
the previous literature. The third part outlines the relevant
theoretical model and the fourth part shows the research method
used in this paper. The fifth part is the description of the data.
The sixth part is the demonstration of the empirical results, and
the seventh part is the conclusion.

LITERATURE REVIEW

Studies have evidence that health care expenditure is associated
with air pollution. A positive correlation between medical
expenditure and atmospheric environment is observed (14, 15).
According to World Trade Organization (WTO) estimates, the
global economic cost of outdoor pollution will amount to 1%
of the whole gross national product after about 40 years, and
the related medical expenditure will dominate in the long run.
Based on relevant data of 49 counties at a certain time point
in Canada, it was found that counties with poor air quality had
higher medical expenditure, while those with more investment
in environmental quality had lower medical expenditure (11).
Khoshnevis Yazdi et al. (16) studied the effect of environmental
pollution on medical expenditure in Iran for 33 years since 1967.
In the short term and long term, harmful gases such as sulfide and
nitride did increase medical expenditure (16). The relationship
between economic growth, environmental quality, and medical
expenditure in the Middle East and North America from 1995
to 2014 was analyzed by Khoshnevis Yazdi and Khanalizadeh
by the relative model (17). They concluded that carbon dioxide
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and PM2.5 emissions would have a significant positive impact on
long-term health. Narayan P K andNarayan S used the panel data
of Organization for Economic Co-operation and Development
(OECD) countries from 1980 to 1999 to explore the short-
term and long-term effects of environmental quality on health
expenditure. The results showed that different air pollutants had
significant positive effects on health expenditure in different
periods (18). In addition, other studies on air pollution and
mortality also indirectly illustrate this problem. Using panel data,
Fotourehchi Z studied the effects of PM10 and CO2 on infant
mortality and life expectancy at birth over 20 years since 1990
in several developing countries. It turns out that air pollution
does increase mortality and reduce the benefits of health policies
paying more attention to economic issues (19). Meanwhile, air
pollution can aggravate respiratory diseases, especially in patients
with asthma and chronic obstructive pulmonary disease (20).

However, not all conclusions are the same, some scholars in
this field found that in the days after reaching high pollution
levels (21, 22), the daily mortality rate will decrease. Arceo et
al. concluded that environmental pollution and mortality are
inversely correlated by verifying the data of typical developing
countries (23). Based on the data of Ghana from 1970 to 2008,
Micheal et al. applied FMOLS technology to study the long-term
impact of carbon dioxide emissions and economic growth on
medical expenditure. They confirmed that CO2 had no obvious
effect on medical spending (24). More and more literature has
discussed the impact of industrial pollution on health in China,
including asthma, respiratory and other diseases related to death
and the respiratory system (2, 25, 26). Medical expenditure
accounts for a large part of China’s total expenditure, which
is the main economic burden of China. From the research of
some scholars, it was found that provincial governmental health
care spending per capita had a significant negative impact on
industrial air pollution, which indicates that with the rise in
the provincial governmental health care spending per capita, the
awareness of environmental protection of people increases, and
the industrial air pollution will be remarkably reduced (27). On
the other hand, compared with developed areas, investment in
less developed regions is more cost-effective, which can easier
reduce air pollution (28). However, what is obvious is that few
studies on the relationship between the two are found (11), of
course, there are even fewer on how one party affects the other.

On the whole, existing research has discussed the impact of
environmental pollution as a whole, but considering microdata
to study the effect of environmental quality on individual medical
spending and the differences in the impact on different groups
and different regions has not been attempted. Understanding
this problem is conducive to understanding the real economic
pressure caused by environmental problems, and also helps local
governments to formulate policies and targeted environmental
protectionmeasures according to regional differences. Given this,
this paper describes the effect of air quality on individual medical
spending and then analyzes the effect of air pollution on the
individual medical expenditure of the provincial government
based on China’s provincial panel data. Because of the regional
differences in air pollution sources in China, it is divided into
eastern, central, and western China. Also, the threshold effect

is studied in the areas where the relationship between them is
not obvious.

THE HEALTH CARE EXPENDITURE
MODEL WITH AIR POLLUTION

The theoretical model of the article draws on the analytical
framework of Chang, Trivedi, Akpalu, and Normanyo (29, 30).
It is assumed that the utility U of consumers decided by their
physical condition h and their consumption of X of consumer
goods. Consumers are rational and pursue utility maximization.
Here, the utility function formula is as follows:

u = u(x, h) (1)

where ux >0, uh >0, uxh = uhx >0, and uxx, uhh <0, it is a little
different from Chang and Trivedi. It is assumed that health status
depends on I which is the level of individual investment in health,
and I belong to derived demand. Due to the influence of a series of
exogenous environmental factors, the return of I has both partial
certainty and partial randomness. Because long-term exposure to
air pollution particles will increase prevalence, the uncertainty of
health status may come from the misdiagnosis, missed diagnosis,
and disease recurrence of exposure to air pollution over a long
time. The physical status of an individual is defined as follows:

h = h0 + eI (2)

In Equation (2), h0 is the initial physical status of an individual,
and e is the return (marginal rate of return) of the individual’s
medical investment (or medical expenditure). The price of goods
x is standardized to 1, so the individual budget constraints are
as follows:

B = x+ I (3)

where B is the actual budget value, and the expected utility
function of an individual is as follows:

Eu(x, h) = Eu(B− I, h0 + eI) (4)

It is assumed that the relative function about utility is additive for
x and h, therefore we can get:

u(x, h) = u(x)+ v(h) (5)

At the same time, it is assumed that V (h) has the following
special form:

v(h) = ln(h) (6)

Combining (5) and (6), formula (4) can be rewritten as follows:

Eu(x, h) = u(B− I)+ E(ln(h0 + eI)) (7)

Suppose that e obeys a 0-1 distribution with a mean value of µ,
that is, µ = Ee. The formula (7) is as follows:

Eu(∗) = u(B− I)+ µln(h0 + I)+ (1− µ)ln(h0) (8)
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Then we obtain the first-order condition of the medical
investment I:

−uI (B− I)+ µ
1

h0 + I
= 0 (9)

Equation (9) points out that under the equilibrium condition,
the marginal return of investment in health (i.e., µ 1

h0+I
) should

be equal to the cost of investing one yuan [i.e., uI (B− I)].
It can be seen that when other conditions remain unchanged,
medical expenditure I decreases with the increase of initial
health condition h0, and increases with the increase of budget
constraint B and mean µ. The analysis means that, first of all,
individuals with better initial health will spend less on health.
Second, individuals with higher income will spend more. At the
same time, a higher marginal rate of return µ will also promote
medical expenses.

Finally, it is assumed that the random part of health status
depends on the degree of exposure to the air of residents and
other individual factors (A), so there are µ = µ(z; A). Among
them, z is the external environment.

Suppose that the increase of external environmental pollution
level leads to the increase of expected marginal return rate of
medical expenditure, that is, uz > 0. Furthermore, we can see
that the medical expenditure I increases with the increase of
environmental externality z. Suppose the general form of the
investment equation of health care is as follows:

I = f(h0, B, z;A) (10)

Equation (10) is the hedonic-type equation (1), where themedical
expenditure depends on the environmental pollution and the
individual characteristics of the residents.

METHODOLOGY

Panel Threshold Regression Model
The research method of this paper draws lessons from Hanson’s
threshold regression model (31). {eit ,APit , xit : 1 ≤ i ≤ n, 1 ≤

t ≤ T}, we can establish the following model (32–34):

eit =

{

µit + β1APit + α
′

1xit + εit , if APit ≤ γ

µit + β2APit + α
′

2xit + εit , if APit > γ
(11)

whereAPit is the provincial industrial waste gas discharge volume
per capita, which is the central variable of the threshold model;
γ is the relative value of APit ; eit is the provincial health care
expenditure per capita; β1 and β2 are the coefficients associated
with APit ; xit are other variables which can affect health care
expenditure; α1 and α2 are relative coefficients of them; µit

represents a fixed utility to adapt to the changes in conditions
affecting different provinces; εit is random error term with εit ∼
(0, σ 2); and i and t represent provinces and time.

Equation (11) can be extended to the following forms:

eit = µit + β1APitψ(APit ≤ γ )+ β2APitψ(APit > γ )

+α′xit + εit (12)

However, the actual situation may be different from the ideal
state, and the number of turning points is uncertain. Hence,
according to the reality, the threshold model can be expressed
as (12):

eit =







µit + β1APit + α
′

1xit + εit , if APit ≤ γ1

µit + β2APit + α
′

2xit + εit , if γ1 < APit ≤ γ2

µit + β3APit + α
′

3xit + εit , if APit > γ2

(13)

The regression shape of the above can also be shown as:

eit = µit + β1APitψ (APit ≤ γ1)+ β2APitψ
(

γ1 < APit ≤ γ2
)

+β1APitψ(APit > γ2)+ α
′xit + εit (14)

where γ1 and γ2 are threshold values (γ1 < γ2). By
analogy, multi-threshold models including three thresholds can
be represented. In brief, the threshold regression model theory
does not need to separate exogenous variables, so it does not need
to give the specific form of the non-linear regression equation.
The threshold and its estimated parameters are completely
determined by the endogenous sample data (35–38).

DATA

This paper considers data from 2002 to 2015 including 31
provinces of China. Most of the air pollution data have been
updated in recent years but the sample excludes years after
2015 considering the statistics of the data. The data sources are
the China Environmental Yearbook, China Statistical Yearbook,
and many other statistical yearbooks of China. According to
geographical location and the level of economic development,
China is divided into three parts: the east, the center, and
the west. The eastern part refers to the provinces which first
implemented the coastal open policy and a high level of economic
development, the central part refers to less developed areas,
and the western part refers to the least developed areas. Health
care expenditure (HCE) is used to represent public health
expenditure. Many previous studies use PM2.5 as an indicator
of the severity of air pollution which can affect the health
of the population, but industrial waste gas (IWG) is more
comprehensive including nitrogen oxides, carbon oxides, and
other gases. In this paper, industrial waste gas is used to measure
industrial air pollution in every province and regarded as a
threshold index. On the whole, air pollution will improve the
prevalence of residents, and then expand medical expenditure,
and a great many relative types of research have proved that
the worse the air quality is, the more medical expenses there
are. However, the characteristics of air pollution itself and the
differences in different regions intensify the uncertainty, which
leads to the study of the threshold effect of air quality.

In order to ensure the reliability of the empirical analysis, we
also add four other control variables. The first is the aging process
population (AP), with the development of the aging population,
there are more diseases, such as hypertension, cancer, and so on,
which are frequent diseases of the elderly, and the treatment of
these diseases leads to the increase of medical expenditure of
relevant departments. The second is education level (EL), which
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TABLE 1 | Descriptive statistics of the variables.

Mean Maximum Minimum Std. dev.

East HCE 5.65 7.63 3.60 0.98

IWG 10.45 11.59 8.79 0.58

AP 2.27 2.80 1.88 0.18

EL 2.38 10.35 0.38 2.38

IL 9.09 10.88 1.33 2.49

HSB 1.32 1.92 0.76 0.35

Center HCE 5.30 9.74 3.10 1.15

IWG 10.15 14.76 8.73 0.77

AP 2.01 2.55 0.62 0.42

EL 1.60 2.96 0.74 0.52

IL 8.23 10.35 0.67 2.95

HSB 2.57 10.46 0.55 3.17

West HCE 5.55 7.71 3.45 1.11

IWG 10.09 12.46 6.10 1.23

AP 2.08 2.65 1.56 0.23

EL 2.34 4.00 0.86 0.66

IL 9.48 10.33 8.69 0.45

HSB 1.15 1.85 0.39 0.37

is obvious among the elderly. The improvement of education
level directly promotes the increase of income, thus increasing
medical expenditure. Moreover, the rise of education level will
also improve the awareness of risk. People are willing to assume
more resources to improve their health level, which will lead
to an increase in medical expenditure. The third is income
level (IL), which is regarded as the most significant determinant
of consumer spending. Finally, hospital supply-beds (HSB) are
usually used as a common measure of health care spending.

The original data are logarithmically processed to increase
data stability and eliminate some metrological problems arising
from the original data. Table 1 divides China into the east,
center, and west for the mean, maximum, minimum, and std.
dev of the data. What we can see in Table 1 is that the mean
of health care expenditure in eastern China is higher. This may
be related to the high medical level and advanced facilities in
some eastern provinces. The industrial air pollution, proportion
of the aging population, and education level are significantly
higher than those of other areas of China. This is related to the
large population and developed economy of eastern China. In
terms of income level, western China is higher than the other
two regions. This is related to the smaller population. When
it comes to the hospital supply-beds, central China has more
hospital supply-beds than the east and the west.

EMPIRICAL RESULTS

The first part uses fixed-effect and random-effect models to verify
the impact of air pollution on medical expenditure in eastern,
central, and western China. Model (1) and Model (2) are a
fixed-effect model and random-effect model, respectively. Fixed-
effect regression is a kind of variable method where changes

TABLE 2 | Results of the relationship between the two indexes in eastern China.

Variable Estimated value OLS se tOLS

East Model (1) IWG 0.2442*** 0.0762 3.2047

AP 0.0992 0.1402 0.7076

EL −0.0663 0.0699 −0.9458

IL 1.5244*** 0.0738 20.6558

HSB 0.5321*** 0.1121 4.7467

Model (2) IWG 0.2105*** 0.0597 3.5260

AP 0.0766 0.1299 0.5897

EL −0.0803 0.0669 −1.2003

IL 1.5216*** 0.0680 22.3765

HSB 0.5666*** 0.0934 6.0664

***, **, and *, respectively, indicate significance at the 1, 5, and 10% level.

TABLE 3 | Results of the relationship between the two indexes in central China.

Variable Estimated value OLS se tOLS

Center Model (1) IWG 0.9627*** 0.0321 29.9907

AP 0.4378 0.3518 1.2445

EL −0.1648* 0.0824 −2.0000

IL 1.0986*** 0.2047 5.3669

HSB 0.2183 0.1662 1.3135

Model (2) IWG 0.9117*** 0.0389 23.4370

AP 0.0573* 0.3344 1.1714

EL −0.1570 0.1009 −1.5560

IL 1.1857*** 0.1669 7.1043

HSB 0.1309 0.1415 0.9251

*** and *, respectively, indicate significance at the 1 and 10% level.

TABLE 4 | Results of the relationship between the two indexes in western China.

Variable Estimated value OLS se tOLS

West Model (1) IWG 0.0584 0.0491 1.1894

AP 0.5237 0.2931 1.7868

EL −0.4407*** 0.0607 −7.2603

IL 1.7290*** 0.2090 8.2727

HSB 0.2285 0.1832 1.2473

Model (2) IWG −0.1071 0.0999 −1.0721

AP −0.7252*** 0.1874 −3.8698

EL −0.0642 0.0634 −1.0126

IL 2.3486*** 0.1955 12.0133

HSB 0.2516 0.1649 1.5258

***, **, and *, respectively, indicate significance at the 1, 5, and 10% level.

are with individuals but not with time in control panel data.
On the contrary, random-effect regression is a kind of variable
method that changes with time but not with individuals in
control panel data. The results are shown in Tables 2–4. Because
the empirical results of the western region are not significant,
and the coefficient of air pollution is different in the two models,

Frontiers in Public Health | www.frontiersin.org 5 June 2021 | Volume 9 | Article 695664139

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Shen et al. The Health Care Expenditure Model

TABLE 5 | Results of threshold effects between air pollution and health care expenditure.

Single threshold effect test Double threshold effect test

Threshold value F-statistics p-value Threshold value F-statistics p-value

West 9.6785* 27.0841 0.0900 9.6785 11.1714 5.3407 0.78

*, respectively, indicate significance at 10% level.

TABLE 6 | Estimated coefficients of air pollution and health care expenditure.

Region Coefficient Estimated value OLS se tOLS White se tWhite

West β̂1 −0.0180 0.0606 −0.2970** 0.0475 −0.3789***

β̂2 0.0094 0.0596 0.1577 0.0471 0.1996**

OLS se (White se) refers to homogeneous (heterogeneous) standard deviations.

*** and **, respectively, indicate significance at the 5 and 10% level.

therefore, the threshold effect of the western region is analyzed.
In order to enhance the reliability of the results, two new variables
are added. The results are shown in Tables 5–8.

The results in Table 2 show that the aggravation of air
pollution has increased medical expenses in the east of China.
The estimated coefficient of air pollution is 0.2442 and 0.2105,
respectively when the significance level is 1% both in Model
(1) and Model (2). In the meanwhile, what we can notice from
Table 2 is that the impact of population aging and education level
on health care expenditure in eastern China is not significant.
However, the increase in income of people and the number of
hospital beds will promote health care expenditure.

OECD (2016) has estimated, with the aggravation of
environmental pollution, that economic costs will increase.
Among the costs, medical expenditure will dominate for a very
long time. According to Maryam Fattah, the deterioration of
air quality will aggravate the amount of medical expenditure
both of public and private health care expenditure in developing
countries (39). With the increase of industrial emissions, the
number of patients with related diseases will increase, so the
government will invest more in health care expenditure (40).
Eastern China has a developed economy and a high population
density. On the one hand, the government has more funds
to invest in medical expenditure. On the other hand, the
particularity of air pollution compared with solid and liquid
pollution has a greater impact on public health (41). For the
control variable of income level, research shows that low-income
people are more likely to give up medical care. Compared with
the other two regions, the income per capita in eastern China
is higher, and the increase of income per capita can promote
the increase of medical expenditure (42). The supply cost of
a hospital is the second-largest cost compared with wage cost,
which accounts for 15% of the total hospital cost on average, and
even up to 40% in some hospitals. The supply of beds is a part
of the supply cost of the hospital, and its increase will naturally
increase health care expenditure (43).

The results in Table 3 point out that there is a positive
correlation between the two indexes in eastern China. The
estimated coefficient of air environment is 0.9627 and 0.9117,

respectively when the significance level is 1% both in Model (1)
and Model (2). Income per capita and medical expenditure also
show a significant positive impact, while the impact of hospital
supply-beds on the central region is not significant. In addition,
population aging is not significant in Model (1) but is positively
correlated with medical expenditure in Model (2). Education
level is negatively correlated with medical expenditure in Model
(1), but not significantly correlated in Model (2).

Through the comparison of Tables 2, 3, we can conclude
that the impact of air pollution on medical expenditure
in central China is greater than that in eastern China.
Due to the special characteristics of air pollution, the east
and the center are adjacent, and air pollution in eastern
China is more serious, which indirectly increases the air
pollution in central China (44). Health care is necessary
for the life of people (45). Different from the common
necessities in economics, its value will increase with the
improvement of people’s health awareness and the development
of society, so the corresponding medical expenditure will
increase. In addition, the two indicators of population
aging and education level may be influenced by time and
individuals, and both models only fix one effect, which leads
to unclear results of both control variables in eastern and
central China.

Different from the former two regions inTable 4, the influence
of air pollution onmedical expenditure is not significant. We also
find that the sign of coefficients in the twomodels is different. We
speculate that the impact between the two variables in western
China is non-linear, and there may be a certain threshold value.
Therefore, the threshold test is carried out in the western region,
and the results are displayed in Tables 5, 6.

In western regions, the relationship between the two variables
is in a U-shape, i.e., heavier air pollution improves the health
care expenditure. In Table 5, when the industrial air pollution
exceeds the turning point of 9.6785, the coefficient of air pollution
changes to 0.0094, i.e., excessive industrial air pollution increases
medical expenditure.

The relationship between the two variables is easy to see.
With the aggravation of pollution, medical expenditure also
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TABLE 7 | Estimated coefficients of the control variables.

Region Cofficient Estimated value OLS se tOLS White se tWhite

West α̂1 0.6607 0.2177 3.0349*** 0.2226 2.9681***

α̂2 −0.2768 0.0860 −3.2186*** 0.0821 −3.3715***

α̂3 −0.2938 0.1280 −2.2953** 0.1199 −2.4504

α̂4 2.0857 0.1664 12.5343*** 0.1773 11.7637***

OLS se (White se) refers to homogeneous (heterogeneous) standard deviations. The estimated coefficients of α̂1 is for the aging process of population, α̂2 is for education level, α̂3 is

for income level, and α̂3 is for hospital supply-beds. *** and **, respectively, indicate significance at the 5 and 10% level.

TABLE 8 | Results of threshold effects between air pollution and health care expenditure.

Single threshold effect test Double threshold effect test

Threshold value F-statistics p-value Threshold value F-statistics p-value

West Model (1) 9.6041** 24.4703 0.0415 9.6041 11.1714 6.3686 0.1600

Model (2) 9.6035* 27.7899 0.0800 0.0636 11.1708 7.0262 0.1700

** and *, respectively, indicate significance at the 5 and 10% level.

increases when industrial air pollution is more than the inflection
point, which is connected with the economic growth of the
western regions.With the improvement of the economic level, air
pollution has caused a huge loss on China’s economy including
health care expenditure (46). The economic development of
western China is slow, the development policy of western China
since 2000 has been implemented to balance the economy
between western and eastern China. Traditional industries have
been moved from the east to west (47). Health care expenditure
has been added with the improvement of the economy in
western China. In order to control irrational increases in medical
expenditures, the Chinese government has initiated a new health
reform since 2009 (48). Meanwhile, public awareness of air
quality in western China is increasing (49). But the emergence
of the inflection point shows some problems in the relationship
between health care expenditure and air pollution. The influence
between the two variables is decreasing. The aggravation of
air pollution has an impact on health expenditure through
various channels. On the one hand, air pollution increases health
expenditure according to its diffusibility in different areas; on
the other hand, economic growth may reduce health expenditure
by the improvement of medical technology and increasing the
employment rate, resulting in a smaller coefficient (50). In
general, the added value of health care expenditure is too small
to make up for the health loss caused by air pollution.

As is revealed in Table 7, population aging contributes to
more health care expenditure in western China. Research from
Milena et al. shows that the increasing number of the elderly
leads to more payments on medical health compared with
America (12). The population aging aggravates the long-term
care expenditure to a great extent, and more attention should
be paid to the medical care system (51). Conversely, there is a
negative relationship between the provincial income per capita
and expenses on health care. Increasing income level has reduced
the development of medical services. In fact, health care is very
necessary for the life of people. Thus, people will pay less on

the expenses of health care according to the characteristics of
necessities. But the size of income elasticity varies from country
to country, with poorer countries having a higher elasticity (52).
Finally, needing more hospital supply-beds also increases health
care expenditure. Hospital supply-beds sometimes reflect the
surge capacity, the increase of hospital supply-beds means that
something associated with it also increases, leading to more
health care expenditure (53).

In order to enhance the reliability of the conclusion, another
two new control variables are selected for the robustness test.
The new control variable includes the urbanization level, which
refers to the provincial proportion of the urban population
to the total population. It evidences that the acceleration of
urbanization means more economic activities that contribute to
the development of the economy in some city and country (54).
Another control variable is hospital supply-doctors, an effective
measure of the medical level, which is the number of technicians
per 1,000 people in every province of China (55). The two
variables are included in the following threshold model of (15)
and (16).

Model (1) : eit = µit + β1APit (APit ≤ γ )+ β2APit

(APit > γ )+ α
′

1HCEit + α
′

2IWGit + α
′

3ELit

+α
′

4ILit + α
′

5HSDit (15)

Model (2) : eit = µit + β1APit (APit ≤ γ )+ β2APit (APit > γ )

+α
′

1HCEit + α
′

2IWGit + α
′

3ELit + α
′

4ILit + α
′

5HSDit

+α
′

6ULit (16)

Table 8 indicates that there is still a single threshold effect in
western China for different empirical models. The robustness
test shows that the previous test between the two indexes is
obvious in the western region even if different control variables
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are added. These results are consistent with those in Table 5 and
the conclusions obtained are more reliable.

The continuous growth of China’s economy is accompanied by
a large amount of coal and oil burning, which has caused a great
amount of air pollution and seriously affected the public health
level, resulting in the asymmetry between medical expenditure
and air pollution. However, the relevant literature studies China
as a whole and the conclusions are not convincing enough.
Therefore, this paper considers the fixed-effect model, random-
effect model, and PTRM to confirm the relationship between the
two variables in eastern, central, and western China to provide
more convincing conclusions. The results indicate that there
is a linear positive correlation between them in eastern China
and central China, but in western China, where the correlation
between the two is non-linear and asymmetric, producing a
critical industrial emission per capita value. When air pollution
is lower than the critical value, it is negatively correlated with
health care expenditure. On the contrary, when air pollution is
higher than the critical value, the aggravation of air pollution
will increase the health care expenditure, but the increase is
not obvious. Therefore, the corresponding provinces of each
region should reasonably arrange the medical expenditure
budget, to make up for the health problems caused by the
air environment.

CONCLUSIONS

Through the panel data of 14 years in China since 2002, this paper
employs a fixed-effect model, random-effect model, and PTRM
to explore the existence of the threshold effect of industrial air
pollution on medical expenses in eastern, central, and western
China. In this study, industrial air pollution is defined as the
provincial industrial emissions per capita. The results indicate
that serious air pollution promotes the increase of medical
expenditure in the eastern and central regions, and the impact
of the central region on air pollution is greater than that of

the eastern region. In the west of China, there is a non-linear
threshold effect between the two. Air pollution reduces the
expenses of health care before the critical value but increases
health care expenditure after the critical value. But the added
value is not enough to bear the consequences of air pollution.
These conclusions provide valuable insights for government
departments to arrange the health care expenditure budget
in light of the increasingly serious air pollution problem. Air
pollution will increase medical costs, so the government should
reasonably arrange the scale of health expenditure to make up for
the negative impact of air pollution. The correlation between air
pollution and health care expenditure could be a fruitful area for
future study, which can be used for reference by other developing
countries. We intend to examine the relationship between the
level of economic development in different regions of China
and the incidence of infectious diseases in future studies; thus,
a new method.
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With the rapid development of China’s economy and society, the quality of life of residents

has continued to improve, and the concept of health has gradually taken root in the

hearts of the people. This paper uses the 2018 data of the China Family Panel Studies

(CFPS) to analyze the internal mechanism and influencing factors of participating in

physical exercise on the health level of residents. The results show that participating

in physical exercise can significantly improve the subjective and objective health level of

residents, and the result passed two important robustness tests. Heterogeneous test

shows that the degree of influence of participation in physical exercise on the health level

of residents varies according to the different regional and individual characteristics; the

effect of urban residents’ physical exercise to improve their health level is better than

that of rural residents; and the effect of physical exercise on the improvement of health

level is more obvious in the eastern and western areas, those who have not completed

compulsory education, and those with high incomes. This study will have strong guiding

significance for the improvement of the overall level of national health in China and will

provide a theoretical basis and guiding opinions for the construction of healthy China.

Keywords: BMI, heterogeneity test, physical exercise, residential health level, CFPS

INTRODUCTION

Health is a prerequisite for human survival and development, and it is the most fundamental basis
for human productive life. With the continuous improvement of people’s living standards, health
has been paidmore andmore attention, and the state every year to improve the national health level
of a large amount of investment, in the field of health planning, is also improved year by year. The
Fourth Plenary Session of the 19th Central Committee of the Communist Party of China proposed
that we should strengthen the protection of the health system, pay attention to the whole process
of life cycle and health, and ensure that the masses enjoy continuous and fair health services.

The Fifth Plenary Session of the 19th Central Committee adopted “the Outline of the 14th 5-
Year Plan for National Economic and Social Development and the 2035 Vision Goals” (hereinafter
referred to as the “Outline”), “Outline” states that party should continue to deepen the construction
of a healthy China, improve health promotion policies, accelerate the development of healthy
industries, and promote the quality of the people and the level of social civilization to a new height.
To this end, the National Health and Wellness Commission has made every effort to promote the
construction of health in China and promulgated and implemented a series of policies to promote
a disease-centered to health-centered transformation, in which “the basic health care and health
promotion act” provides for the integration of health education into the national education system
in order to safeguard citizens’ right to health. It can be seen that the Party and the government have
always paid close attention to the health problems of residents, so it is particularly important to
study in depth the factors affecting the health level of residents.
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The World Health Organization defines health as “a state of
physical, mental and social well-being,” which means not only
the absence of a disease but also the healthy development of
the body and mind, and the harmony of family and social life.
Physical education is one of the effective ways to improve physical
fitness and mental health in terms of health. Research shows
that physical activity can control and reduce health hazards,
establish and maintain a beneficial health environment, and play
a “first-level prevention” effect (1). Physical activity enhances
physical fitness by improving physiological function, affecting the
body’s morphological structure and athletic ability (2), impacting
mental health by promoting intelligent development, improving
emotional control, and enhancing social resilience (3).

It is well-known that medical treatment is a passive measure to
obtain health after suffering from a disease; in contrast, physical
education is a proactive approach to health intervention, which
emphasizes active health, “cure the disease before illness” (4).

From the national point of view, in order to enhance people’s
physical fitness and improve health level, the state actively carried
out the “National Fitness Program,” and during the “12th 5-
Year Plan” period, it has initially formed a relatively sound
public service system for national fitness. During the 13th 5-
Year Plan period, the national fitness service system was more
perfect, and the awareness of mass fitness was widely enhanced.
The Outline calls for the continuation of in-depth national
fitness campaign, the construction of sports facilities according
to local conditions, the expansion of sports consumption, and
at the same time the development of sports industry, so as
to achieve the goal of sports power. The Outline of “Healthy
China 2030” also points out that the construction of sports
facilities should be strengthened and that the scientific and
rational development of sports activities by key groups should
be promoted. It can be seen that sports has risen to the height
of national strategy, and its role in the health of residents cannot
be ignored.

The rest of the paper is structured as follows: the second part
is literature review and research hypotheses; the third part is data
selection, variable description, and model setting; the fourth part
is empirical analysis, including benchmark regression, robustness
test, and heterogeneity test; and the fifth part is research
conclusions and enlightenment.

LITERATURE REVIEW AND RESEARCH
HYPOTHESIS

For the study of the health status of residents, the literature
has been carried out from two perspectives: the first category
is mostly concerned about the individual situation of residents,
including residents’ income, education level, socioeconomic
status, and other factors. The second category is mostly
concerned with external factors, including government
healthcare, environment, urbanization, and other factors.

For the residents’ income factor, the scholars hold different
opinions on this issue. Qi (5) pointed out that income affects
health by improving living standards and medical conditions
and that there are urban–rural and occupational differences.

Ren et al. (6) and Wang and Xu. (7) held different views; they
think that at the low income level, increasing income has a
positive effect on residents’ health self-assessment, and at the
high income level: the former thought that income increase has
a negative impact on health, while the latter thought that the
impact is not obvious. Su et al. (8) further suggested that the
health impact of income should also take into account regional
and social differences (8).

For the education level factor, most scholars use micro-
databases for factor analysis and put forward more consistent
conclusions. Cheng et al. (9) used China’s elderly health factors
tracking survey data, through channel analysis, to find out that
education has a role in promoting health. Hu (10) and Li et
al. (11) showed that there are urban and rural and gender
differences in the impact of education on health, while Zhao and
Hu (12) used data from the China Family Panel Studies (CFPS)
2010 to analyze that education does not necessarily promote
health, primary education promotes health by raising income,
and higher education has a negative impact on health by affecting
residents’ sleep time and frequency of phone calls. Huang et
al. (13), Shen and Zhu (14), and Yuan et al. (15), using China
Health and Nutrition Survey (CHNS) and CFPS data research, all
thought that the promotion of socioeconomic status is conducive
to promoting health level; Huang et al. (16) believed that higher
socioeconomic status by improving the frequency of residents’
sports and leisure, insurance participation rate to improve the
health level, and the promotion of socioeconomic status will also
improve risk asset participation and reduce neighborhood trust,
thereby reducing the level of health. Overall, the positive effect is
greater than the negative effect (16).

For the external factors, studies have shown that it will also
have varying degrees of impact on the health of residents. Pan
et al. (17) used the data of the State Council’s basic medical
insurance pilot assessment of urban residents to study the
relationship between medical insurance and health, and the
results showed that medical insurance is beneficial to the health
of the insured residents and has a greater impact on people with
poor socioeconomic status. Using macro data research (17), Li
and Yu (18) confirmed that government health spending has
significantly improved the health of residents. Further, Li et al.
(19) measured the scale of health input from two angles on the
basis of micro data, and they found that the effect of personal
health expenditure is better than that of government and social
health expenditure, both from the perspective of per capita health
expenditure and the total amount of health expenditure. Jia et al.
(20) found that the higher the forest cover, the lower themortality
rate of cancer, stomach cancer, and other diseases. Wang et al.
(21) and Chen (22) found that the expansion of urban green
space area affected the overall health of residents, physiological
health, and mental health in three levels of health promotion.
Zhao et al. (23), Chang and Zhong (24), and Chen (25) used
a combination of empirical models and theoretical analysis to
study the positive impact of urbanization on health, i.e., the
improvement of urbanization level to promote the health level of
residents, and found that the impact of regional differences and
the effect on the health level of the eastern area are greater than
those of the central and western areas.
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For the study of the relationship between physical education
and residents’ health level, the existing literature mainly starts
from the perspective of objective health and subjective health and
holds that participation in physical exercise has a positive effect
on the health level of residents.

From an objective health perspective, Zhang (26) believed
that sports is an important way for national fitness, enhancing
physical fitness, but also promoted sports to become an
important “lifestyle” content; and Wang and Xu (7) also
confirmed that with healthy lifestyle, the health rate of the
residents who exercise is higher, and the unhealthy rate is lower.
Wang and He (27) and Ding et al. (28) pointed out that the
occurrence of many chronic diseases and lack of physical activity
are closely related and that moderate physical exercise for the
prevention and intervention of chronic diseases has a positive
role. Liu and Yu (2) and Xia et al. (29) believed that the current
static lifestyle has a negative impact on health and that physical
activity is insufficient to lead to an increase in the incidence
of many lifestyle diseases. Sports improve health by effectively
enhancing physical function and regulating mood. Therefore,
we should advocate moderate sports and take the method of
exercise intervention to guide the national fitness, in order to
create a healthy life. Lu (4) analyzed that sports through active
ways to improve the health of individuals should strengthen the
integration of sports and other fields. Scholars such as An and
Wang (30), Li et al. (31), andMiu and Bian (32) used fixed-effects
models to confirm that physical exercise has a significant positive
impact on health levels and that residents with high participation
in physical exercise have higher health self-assessment than those
with low participation.

From the perspective of subjective health, Bai et al. (3) and
Sun et al. (33) pointed out that sports improve mental health
by improving cognitive function, improving self-perception, and
eliminating fatigue and depression. Wang et al. (34) and Dai (35)
used questionnaires to draw conclusions that physical exercise
is beneficial to improving the mental health status of college
students. In view of the research on the mental health status of
primary and secondary school and the elderly population, Lan
and Luo (36) used the investigation and analysis of the mental
health status of primary and secondary school students in some
areas to find out that sports can improve students’ psychological
quality level by adjusting students’ emotions to relieve physical
and mental contradictions and release learning pressure, so as to
promote mental health; Yin et al. (37) further put forward that
the motivation to participate in sports activities, the degree of
fatigue after activities, and the external motivation to participate
in sports activities directly affect themental health of primary and
secondary school students.

In summary, the existing literature points out the possible
relationship between physical activity and residents’ health level
and expounds that physical exercise improves health level from
both objective health and subjective health. In the objective
health perspective, the lack of physical activity leads to an
increase in the incidence of chronic diseases, static lifestyle is
not conducive to health, and people can enhance physical fitness
through active exercise, so as to obtain health. From a subjective
health perspective, physical exercise improves mental health by

improving cognition and venting emotions and promotes the
health of people of different ages. The existing literatures mainly
focus on qualitative analysis instead of quantitative analysis, and
the data sources mostly use regional population questionnaires,
lacking effective support from macroscopic national data. In
addition, most literature analyses are elaborated from the
subjective and objective aspects, and there is a lack of studies
integrating the two dimensions.

For this, based on the CFPS data in 2018, taking part in
physical exercise with the ordinary least squares (OLS) and
tobit model influence on residents’ health level, the study found
that participation in physical exercise has significant positive
influence on residents’ health level and affects the physical
and mental health in the process of the individual character
differences and regional differences. This is of theoretical
reference significance to comprehensively improve the national
health level of China.

Based on the above discussion, this paper proposes the
following research hypothesis:

Hypothesis: Participation in physical exercise has a positive
impact on the health level of residents. The higher the
frequency of participation in physical exercise, the better the
health status.

The contribution margin of this paper mainly includes the
following two aspects: first, there is an innovation in data
selection in this paper, and it uses the data of the CFPS to carry
out a quantitative analysis on the impact of physical exercise
on the health level of residents, which covers a wide range of
data and ensures the reliability of the results. Second, there is
an innovation in the selection of variable dimensions, and the
objective and subjective health of residents are taken into account
to measure the health level, and the health status of residents is
evaluated more comprehensively.

DATA SOURCES AND SPECIFICATION OF
VARIABLES

Data Sources
The data used in this paper are from the 2018 CFPS. The
CFPS was carried out by China Social Science Survey
Center of Peking University. The survey sample covers 25
provinces/municipalities/autonomous regions, including
individual, household, and community data. The questionnaire
covers various indicators reflecting residents’ family relationship,
living environment and economic situation, residents’ personal
education status, occupation status, lifestyle, pension, and
medical care, so as to measure residents’ health status
comprehensively. In order to ensure the validity of the
results, invalid data such as “don’t know,” “refuse to answer,”
inapplicable, and blank were deleted, and 10,543 valid sample
data were finally obtained.

Specification of Variables
Explained Variables
The health level of residents reflects their physical, mental, social,
and economic status and security services. International practice
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TABLE 1 | Variable definition and assignment.

Variable Variable assignment

Explained variables Physical condition Very healthy = 1; health = 2;

relatively healthy = 3; general =

4; unhealthy = 5

Explanatory variables Exercise frequency Frequency (times)

Control variables Rural types Town = 1, country = 0

Gender Male = 1, female = 0

Age Age (years)

Marriage status Married = 1, unmarried = 0

Party membership Yes = 1, no = 0

Education level Illiterate or semi-literate = 1;

primary school = 2; junior high

school = 3; high

school/technical secondary

school/technical

school/vocational high school =

4; college degree = 5;

bachelor’s degree = 6; master

= 7; doctorate = 8

Happiness level From 0 to 10, happiness goes

up

Hospitalization experience Yes = 1, no = 0

Chronic disease Yes = 1, no = 0

Medical insurance Yes = 1, no = 0

Household income Take the logarithm of annual

household income (yuan)

Household expenditure Take the logarithm of annual

household expenditure (yuan)

Family size Number of family size (persons)

Healthcare expenditure Take the logarithm of healthcare

spending

Neighbor relations From 0 to 10, trust goes up

Gift expenditure Yes = 1, no = 0

generally uses average life expectancy, infant mortality rate, and
maternal mortality rate to measure the health level of residents.
In the medical field, various disease indicators are generally
used to measure the health level of residents. Considering the
applicability and availability of data, this paper selects residents’
own health evaluation as a proxy index to measure residents’
health level. The details are shown in Table 1.

Core Explanatory Variables
In this paper, the frequency of physical exercise participation is
used to measure the degree of physical exercise participation.
The ordered discrete variable is assigned 0–10 to represent
the number of times of physical exercise participation. Due to
the wide range of original data values, in order to ensure the
robustness of regression results, the “exercise frequency” was
reduced by 1%.

Control Variables
In terms of personal characteristics, in addition to the core
explanatory variables, the existing literature was referred to (7,
12, 19), selecting respondents’ rural types, gender, age, marriage

status, party membership, education level, and happiness level as
the control variables at the individual level.

At the level of family characteristics, the paper selects
the household income, household expenditure, family size,
healthcare expenditure, and medical insurance as the control
variables. Among them, due to the large numerical span of
household income, household expenditure, and medical care
expenditure and in order to avoid biasing the regression results,
and the logarithm of their data was taken as the final variable. In
terms of community characteristics, neighbor relations and gift
expenditure were selected as the control variables. Descriptive
statistics of variables are shown in Table 2.

The value of health status from 1 to 5 represents very healthy
to unhealthy, with an average value of 3.143, indicating that most
of the residents in the sample are relatively healthy. The value
range of exercise frequency is 0–10, and the mean value is 2.603,
indicating that the overall exercise frequency of residents within
the sample range is not high. The mean value of urban and rural
types is 0.503, indicating that the distribution of urban and rural
areas in the sample is relatively uniform. The mean of gender is
0.500, indicating the same number of men and women in the
sample. The age range is 22–81, and the mean value is 49.99,
indicating that most residents in the sample range are in the
middle age stage.

Model Specification
The least square method is the most commonly used method to
solve curve fitting problems. Its basic assumptions are that the
mean value of residuals is 0, the variance is constant, the residuals
are statistically independent of each other, and the residuals are
normally distributed and independent of variables. It minimizes
the sum of squares of the difference between the estimated value
of the explained variable and the actual observed value in order
to fit the sample observations as much as possible. The model is
set as follows:

heai = α0 + α1exei + γXi + δi (1)

heai is the explanatory variable, representing the health status
of individual i; exei is the explanatory variable, representing
the frequency of individual i participating in physical exercise;
Xi represents a series of control variables mentioned above on
individual, family, and social levels; α0 is a constant term; and α1

and γ are coefficient vectors. Among them, α1 is the coefficient
that this paper focuses on. δi is a random disturbance term.

A tobit model is also called truncated regression model and
censored regression model, and its application scenario is that
the explained variables are roughly continuously distributed on
positive values, but it includes some observed values with positive
probability of 0. For example, when the dependent variable is>0,
it is observed, and when it is ≤0, it is truncated at 0. In the tobit
model, the meaning of the regression coefficient depends on the
practical application, and the likelihood ratio test is used to test
the regression coefficient. The explained variable in this paper is
the truncated variable, so it is applicable to the model. The model
is set as:

heai = max(0, βexei + εi) (2)

Frontiers in Public Health | www.frontiersin.org 4 June 2021 | Volume 9 | Article 707292147

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Li et al. Physical Exercise and Health

TABLE 2 | Descriptive statistics of variables.

Variable Observation Mean Standard deviation Minimum Maximum

Physical condition 10,543 3.143 1.215 1 5

Exercise frequency 10,543 2.603 3.113 0 10

Rural types 10,543 0.503 0.500 0 1

Gender 10,543 0.500 0.500 0 1

Age 10,543 49.99 14.39 22 81

Marriage status 10,543 0.831 0.375 0 1

Party membership 10,543 0.00645 0.0801 0 1

Education level 10,543 2.714 1.329 1 8

Happiness level 10,543 7.303 2.235 0 10

Hospitalization experience 10,543 0.140 0.347 0 1

Chronic disease 10,543 0.193 0.394 0 1

Medical insurance 10,543 0.918 0.274 0 1

Household income 10,543 10.47 1.408 0 14.51

Household expenditure 10,543 10.11 1.174 0 14.43

Family size 10,543 3.585 1.869 1 17

Healthcare expenditure 10,543 6.927 2.785 0 12.87

Neighbor relations 10,543 6.733 2.120 0 10

Gift expenditure 10,543 0.895 0.307 0 1

heai is the health status of individual i, exei is the frequency of
individual i participating in physical exercise, β is the coefficient
vector, and εi is the error term.

EMPIRICAL ANALYSIS

Benchmark Regression
Result (1) in Table 3 is the regression result of the OLS
model with only core explanatory variables and regional fixed
effects added. The results show that exercise frequency is
negatively correlated with health status, and the increase in
exercise frequency reduces the fitness level. Result (2) is the
regression result of adding all control variables and excluding
regional fixed effects. It can be seen that after adding all
control variables, exercise frequency has a significant positive
effect on health status. The higher the frequency of exercise,
the stronger the physical fitness and the better the health.
This provides empirical support for the research hypothesis of
this paper.

Among the control variables, gender, age, hospitalization
experience, chronic disease, household income, healthcare
expenditure, neighbor relations, and happiness levels all have
significant effects on health. Compared with women, men are
in better health. It may be because men love sports more than
women and therefore have better physical fitness. The older you
are, the lower your physical fitness and the greater the possibility
of suffering from various diseases, so your health becomes worse.
Hospitalization experience is significantly negatively correlated
with health status. This control variable indicates that the body
has had a problem recently, and the possibility of not being
cured or getting sick again is more likely, and the health status
is worse. Chronic diseases are negatively correlated with health
status. The fewer the chronic diseases, the healthier the body.

A higher total family income means that the family’s economic
status is better, so its medical and healthcare capabilities are
stronger, and therefore, its health status is better. Medical care
expenditures are negatively correlated with health status. It may
be that the more medical care expenditures, the poorer the health
status itself, and the expenditures on healthcare have not played
an effective role. The higher the trust in neighbors, the more
harmoniously the neighbors get along, the more harmonious
the relationship, the less pressure brought by the interpersonal
relationship, and the better the health. The degree of happiness
is based on the evaluation of residents’ self-perception, which has
a significant positive effect on health. The happier the residents,
the more beneficial to physical and mental health and the better
their health.

As far as the remaining control variables are concerned,
the health status of urban residents is worse than that of
rural residents. It may be that the development of urban
modernization has led to a fast pace of life and high pressure
to go to work, so the health level has decreased. In terms of
marriage, the health status of married people is worse than
that of unmarried people. It may be that after marriage, in
addition to going to work, they also need to maintain family
relationships and raise children. Compared with unmarried
people, they have to bear more responsibilities and pressures,
so their health status is relatively poor. Party membership is
positively correlated with health level. Education level positively
affects health status, indicating that the more you receive higher
education, the more you will pay attention to your own health
status, and the better your health status. The total annual family
expenditure is negatively correlated with health. The more daily
expenses, the less expenditure that can be spent on healthcare
and health, so the health status is worse. The larger the family
size, the larger the family population, the greater the economic
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TABLE 3 | Benchmark regression.

Variable OLS Tobit

(1) (2) (3) (4) (5) (6)

Exercise frequency 0.002 −0.019*** −0.019*** 0.003 −0.028*** −0.027***

(0.59) (−5.52) (−5.30) (0.48) (−5.66) (−5.46)

Rural types 0.040* 0.026 0.044 0.029

(1.72) (1.11) (1.35) (0.86)

Gender −0.203*** −0.207*** −0.290*** −0.294***

(−9.52) (−9.58) (−9.55) (−9.57)

Age 0.015*** 0.015*** 0.021*** 0.021***

(17.06) (16.57) (15.96) (15.58)

Marriage status 0.015 0.020 −0.005 0.001

(0.48) (0.65) (−0.12) (0.01)

Party membership −0.100 −0.121 −0.099 −0.128

(−0.76) (−0.92) (−0.53) (−0.69)

Education level −0.001 0.004 −0.001 0.005

(−0.12) (0.35) (−0.09) (0.34)

Happiness level −0.084*** −0.084*** −0.119*** −0.119***

(−16.94) (−16.79) (−16.58) (−16.51)

Hospitalization experience 0.484*** 0.481*** 0.761*** 0.758***

(15.10) (14.98) (16.14) (16.06)

Chronic disease 0.671*** 0.676*** 1.003*** 1.007***

(23.65) (23.70) (24.15) (24.17)

Medical insurance 0.021 0.032 0.035 0.048

(0.55) (0.81) (0.64) (0.86)

Household income −0.035*** −0.037*** −0.051*** −0.053***

(−3.80) (−3.94) (−3.82) (−3.89)

Household expenditure 0.007 0.000 0.003 −0.004

(0.60) (0.03) (0.20) (−0.26)

Family size −0.015** −0.015** −0.023*** −0.023**

(−2.40) (−2.27) (−2.62) (−2.44)

Healthcare expenditure 0.048*** 0.049*** 0.066*** 0.068***

(11.78) (12.11) (11.52) (11.83)

Neighbor relations −0.022*** −0.020*** −0.030*** −0.027***

(−4.34) (−3.93) (−3.98) (−3.64)

Gift expenditure 0.028 0.038 0.027 0.036

(0.77) (1.05) (0.53) (0.69)

_cons 2.810*** 3.045*** 3.067*** 2.778*** 3.241*** 3.281***

(22.89) (23.95) (17.90) (16.06) (17.82) (13.53)

Regional fixed effects Yes No Yes Yes No Yes

N 10,543 10,543 10,543 10,543 10,543 10,543

R-squared 0.009 0.218 0.224

*** and ** respectively indicate significance at the 1and 5 levels.

burden, the smaller the expenditure on health, and the worse the
health status.

Result (3) is the regression result after adding the regional
fixed effects on the basis of result (2), which is basically consistent
with result (2). Results (4)–(6) are the results of regression using
the tobit model, which are basically the same as the results of the
OLS model regression, except that the magnitude of the impact
of the two is slightly different. This shows that the model and the
benchmark regression results have a certain degree of robustness.

Robustness Test
Replace Explanatory Variables
In order to test the robustness of the regression results, the 0–
1 dummy variable is used to measure whether there is physical
exercise instead of exercise frequency to measure physical
participation. The value of physical exercise is 1, and the value
of no physical exercise is 0. Result (1) is the OLS regression
result with only the core explanatory variables, and the regional
fixed effects are added. Result (2) is the regression result with
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TABLE 4 | Robustness test (replace explanatory variables).

Variable OLS Tobit

(1) (2) (3) (4) (5) (6)

Exercise or not −0.060** −0.129*** −0.126*** −0.085** −0.185*** −0.180***

(−2.52) (−5.95) (−5.79) (−2.48) (−5.96) (−5.79)

Rural types 0.042* 0.028 0.047 0.031

(1.82) (1.19) (1.44) (0.93)

Gender −0.203*** −0.207*** −0.290*** −0.294***

(−9.53) (−9.58) (−9.56) (−9.57)

Age 0.015*** 0.015*** 0.020*** 0.020***

(16.97) (16.49) (15.83) (15.46)

Marriage status 0.012 0.018 −0.009 −0.003

(0.39) (0.57) (−0.21) (−0.07)

Party membership −0.091 −0.113 −0.086 −0.116

(−0.69) (−0.86) (−0.46) (−0.63)

Education level 0.002 0.007 0.004 0.009

(0.23) (0.67) (0.25) (0.65)

Happiness level −0.084*** −0.084*** −0.120*** −0.120***

(−16.97) (−16.82) (−16.62) (−16.55)

Hospitalization experience 0.483*** 0.481*** 0.759*** 0.757***

(15.09) (14.98) (16.12) (16.05)

Chronic disease 0.673*** 0.677*** 1.005*** 1.009***

(23.70) (23.75) (24.20) (24.22)

Medical insurance 0.020 0.031 0.034 0.047

(0.52) (0.80) (0.61) (0.85)

Household income −0.035*** −0.037*** −0.051*** −0.052***

(−3.75) (−3.91) (−3.78) (−3.87)

Household expenditure 0.007 0.000 0.003 −0.005

(0.59) (0.01) (0.19) (−0.28)

Family size −0.015** −0.015** −0.024*** −0.022**

(−2.42) (−2.27) (−2.63) (−2.44)

Healthcare expenditure 0.048*** 0.049*** 0.066*** 0.068***

(11.81) (12.14) (11.56) (11.86)

Neighbor relations −0.023*** −0.020*** −0.030*** −0.027***

(−4.35) (−3.94) (−3.99) (−3.65)

Gift expenditure 0.028 0.039 0.028 0.037

(0.79) (1.09) (0.54) (0.72)

_cons 2.854*** 3.059*** 3.092*** 2.838*** 3.263*** 3.318***

(23.15) (24.10) (18.08) (16.34) (17.97) (13.70)

Regional fixed effects Yes No Yes Yes No Yes

N 10,543 10,543 10,543 10,543 10,543 10,543

R-squared 0.010 0.218 0.224

***, **, and * respectively indicate significance at the 1, 5, and 10% levels.

all the control variables, and the regional fixed effects are
added; and result (3) is the regression result of adding all
control variables and including regional fixed effects. Results
(1)–(3) show that participation in physical exercise is positively
correlated with residents’ health status, which shows that physical
exercise promotes the improvement of people’s health. Results
(4)–(6) are the results of regression using the tobit model,
which are basically consistent with the results of the OLS model
regression, indicating that participation in physical exercise has a

significant role in promoting the health of residents. The higher
the frequency of participation in exercise, the better the health
status. The results strongly verify the robustness and reliability of
the regression results. The results are shown in Table 4.

Replace the Explained Variable
According to international practice, the body mass index (BMI)
is commonly used to assess the nutritional status of the human
body and to measure the degree of body weight and health.
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TABLE 5 | Robustness test (replace the explained variable).

Variable OLS Tobit

(1) (2) (3) (4) (5) (6)

Exercise frequency 0.003*** 0.003*** 0.003*** 0.003*** 0.003*** 0.003***

(3.22) (3.08) (3.10) (3.22) (3.08) (3.10)

Rural types 0.007 0.008 0.007 0.008

(1.16) (1.23) (1.16) (1.24)

Gender 0.016*** 0.018*** 0.016*** 0.018***

(2.78) (2.94) (2.78) (2.94)

Age 0.000 0.000 0.000 0.000

(1.26) (1.23) (1.26) (1.23)

Marriage status 0.036*** 0.034*** 0.036*** 0.034***

(4.21) (3.93) (4.21) (3.94)

Party membership −0.013 −0.013 −0.013 −0.013

(−0.35) (−0.36) (−0.35) (−0.36)

Education level 0.005* 0.005* 0.005* 0.005*

(1.67) (1.65) (1.67) (1.65)

Happiness level −0.003** −0.003** −0.003** −0.003**

(−2.06) (−2.43) (−2.06) (−2.43)

Hospitalization experience −0.011 −0.012 −0.011 −0.012

(−1.23) (−1.29) (−1.23) (−1.30)

Chronic disease −0.020*** −0.021*** −0.020*** −0.021***

(−2.59) (−2.71) (−2.59) (−2.71)

Medical insurance 0.002 0.001 0.002 0.001

(0.17) (0.06) (0.17) (0.06)

Household income 0.010*** 0.010*** 0.010*** 0.010***

(3.80) (3.86) (3.81) (3.87)

Household expenditure 0.005 0.006* 0.005 0.006*

(1.49) (1.76) (1.49) (1.77)

Family size −0.001 −0.001 −0.001 −0.001

(−0.76) (−0.33) (−0.76) (−0.33)

Healthcare expenditure 0.001 0.001 0.001 0.001

(0.91) (0.82) (0.91) (0.82)

Neighbor relations 0.001 0.001 0.001 0.001

(0.74) (0.50) (0.74) (0.50)

Gift expenditure 0.021** 0.018* 0.021** 0.018*

(2.09) (1.77) (2.09) (1.78)

_cons 0.921*** 0.668*** 0.686*** 0.921*** 0.668*** 0.686***

(30.24) (18.88) (14.37) (30.29) (18.90) (14.40)

Regional fixed effects Yes No Yes Yes No Yes

N 10,543 10,543 10,543 10,543 10,543 10,543

R-squared 0.005 0.011 0.015

***, **, and * respectively indicate significance at the 1, 5, and 10% levels.

Therefore, this paper uses the BMI (weight divided by the height
squared) to replace the health status in measuring the health level
of residents so as to verify the robustness of the regression results.
The BMI is a continuous variable and is divided according to the
World Health Organization international standards. Assign the
value 18.5 < BMI < 30 = 1, BMI < 18.5, or BMI > 30 = 0. At
this time, the regression result is still significant at the level of 1%,
which indicates that the higher the frequency of participating in
physical exercise, the higher the BMI and the higher the health

level of residents. The research hypothesis of this paper has been
verified once again. The results are shown in Table 5.

Heterogeneity Test
In order to distinguish the impact of different types of samples on
the regression results, this paper divides the samples according
to the type of urban and rural areas, income status, area,
whether they have completed compulsory education, and the
age stage. Among them, urban and rural types and completion
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TABLE 6 | Heterogeneity test (1).

Variable Rural area Urban area Western area Central area Eastern area

Exercise frequency −0.019*** −0.020*** −0.026*** −0.007 −0.021***

(−3.72) (−4.18) (−3.93) (−0.98) (−4.20)

Rural types - - 0.024 0.038 0.032

(0.54) (0.81) (0.96)

Gender −0.244*** −0.167*** −0.289*** −0.179*** −0.164***

(−7.53) (−5.93) (−7.03) (−4.00) (−5.41)

Age 0.017*** 0.015*** 0.018*** 0.014*** 0.015***

(12.06) (12.43) (10.55) (7.20) (11.22)

Marriage status 0.017 0.017 0.087 −0.118* 0.021

(0.35) (0.44) (1.53) (−1.67) (0.49)

Party membership −0.285 0.001 −0.134 0.314 −0.144

(−1.22) (0.01) (−0.59) (0.85) (−0.80)

Education level 0.014 −0.009 0.001 −0.014 −0.000

(0.83) (−0.70) (0.07) (−0.64) (−0.02)

Happiness level −0.090*** −0.077*** −0.075*** −0.078*** −0.093***

(−12.65) (−11.08) (−8.40) (−7.16) (−12.97)

Hospitalization experience 0.510*** 0.455*** 0.484*** 0.518*** 0.469***

(11.04) (10.26) (8.59) (7.83) (9.69)

Chronic disease 0.727*** 0.610*** 0.704*** 0.702*** 0.635***

(17.39) (15.87) (13.25) (11.91) (15.53)

Medical insurance 0.036 0.015 0.005 0.082 0.030

(0.58) (0.31) (0.05) (0.85) (0.62)

Household income −0.026** −0.043*** −0.067*** −0.026 −0.025**

(−1.96) (−3.36) (−3.71) (−1.15) (−2.01)

Household expenditure 0.007 0.008 0.027 0.025 −0.013

(0.38) (0.52) (1.21) (0.94) (−0.87)

Family size −0.013 −0.019** 0.001 −0.033*** −0.012

(−1.42) (−2.14) (0.12) (−2.58) (−1.28)

Healthcare expenditure 0.054*** 0.043*** 0.045*** 0.033*** 0.054***

(8.55) (8.36) (5.51) (3.59) (10.00)

Neighbor relations −0.019** −0.027*** −0.019** −0.029** −0.022***

(−2.56) (−3.72) (−2.02) (−2.56) (−2.99)

Gift expenditure 0.096* −0.028 0.160** 0.152* −0.048

(1.71) (−0.61) (2.03) (1.83) (−1.04)

_cons 2.758*** 3.274*** 2.793*** 2.881*** 3.267***

(13.82) (19.49) (10.96) (10.26) (18.40)

N 5,243 5,300 2,929 2,491 5,123

R-squared 0.221 0.217 0.240 0.209 0.218

***, **, and * respectively indicate significance at the 1, 5, and 10% levels.

of compulsory education are both 0–1 dummy variables; urban
and compulsory education are both assigned a value of 1; and
rural and uncompleted compulsory education are both assigned
a value of 0. Refer to existing literature practices (37), divide
income into high-income and middle-income categories by 0.75
quintile, and assign west area = 1, central area = 2, and east
area = 3 to the region. The age of residents is divided into
youth (18–44 years old), middle aged (45–59 years old), and
elderly (60 years old and above) according to the standards
of the World Health Organization. The results are shown in
Table 6.

Taking into account the basic national conditions of the
dual structure of urban and rural areas in China, there are
significant differences in lifestyles between rural residents and
urban residents; the ways of participating in physical exercise
are also different (13); and urban and rural income levels are
different. Conversely, the allocation of medical resources is also
different (8); the environmental indicators in rural areas and
the green space that can be provided for physical exercise are
also different from those in cities (21). So we will analyze the
differences between urban and rural areas. From the perspective
of urban–rural differences, exercise frequency is significant at
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TABLE 7 | Heterogeneity test (2).

Variable Middle income High income Compulsory education

not completed

Complete compulsory

education

Exercise frequency −0.015*** −0.032*** −0.022*** −0.016***

(−3.67) (−4.86) (−3.98) (−3.64)

Rural types 0.058** −0.006 0.064* 0.043

(2.19) (−0.13) (1.74) (1.50)

Gender −0.212*** −0.168*** −0.305*** −0.112***

(−8.35) (−4.39) (−8.89) (−4.22)

Age 0.015*** 0.018*** 0.014*** 0.016***

(14.07) (10.94) (9.36) (14.17)

Marriage status −0.002 0.060 −0.017 0.045

(−0.06) (1.01) (−0.34) (1.16)

Party membership −0.113 −0.091 −0.487 −0.059

(−0.64) (−0.49) (−1.02) (−0.47)

Education level −0.013 0.038** - -

(−1.05) (2.27)

Happiness level −0.086*** −0.078*** −0.079*** −0.090***

(−15.27) (−7.15) (−10.76) (−13.15)

Hospitalization experience 0.506*** 0.391*** 0.470*** 0.489***

(13.74) (5.96) (10.13) (10.98)

Chronic disease 0.697*** 0.561*** 0.695*** 0.630***

(21.08) (10.20) (16.36) (16.57)

Medical insurance −0.001 0.064 0.011 0.038

(−0.02) (0.86) (0.18) (0.78)

Household income - - −0.030** −0.039***

(−2.06) (−3.23)

Household expenditure 0.001 0.022 0.002 0.008

(0.07) (1.01) (0.13) (0.57)

Family size −0.010 −0.024** −0.021** −0.011

(−1.33) (−2.15) (−2.20) (−1.30)

Healthcare expenditure 0.048*** 0.046*** 0.067*** 0.034***

(10.16) (6.10) (9.89) (6.88)

Neighbor relations −0.025*** −0.015 −0.021*** −0.025***

(−4.11) (−1.45) (−2.79) (−3.56)

Gift expenditure 0.000 0.086 0.115** −0.071

(0.00) (1.13) (2.06) (−1.54)

_cons 2.845*** 2.040*** 2.951*** 3.188***

(19.21) (7.27) (14.43) (19.51)

N 7,901 2,642 4,755 5,788

R-squared 0.219 0.188 0.208 0.208

***, **, and * respectively indicate significance at the 1, 5, and 10% levels.

the level of 1% for both urban and rural residents, but the
absolute value of the regression coefficient of the urban sub-
sample is slightly larger than that of rural residents. This shows
that the increase in the degree of health of urban residents
participate in exercise is more obvious. It may be due to the
fact that rural residents often do physical work, and the effect
of increasing participation in exercise to improve health is not
obvious. Furthermore, standardized labor union organizations in
cities can effectively guide urban residents to do physical exercise,
but rural residents are still in a state where the pressure of survival
is higher than the enjoyment (26).

Regional differences make differences in human factors such
as economic development levels and health expenditures (23),
and there are differences in sports venues and sports facilities.
The scope of medical insurance in the west is gradually
expanding, while the development level in the east is high, living
conditions and quality are good, but the tight work life leads to
lack of exercise (8). From the perspective of regional distribution,
exercise frequency has a significant positive impact on the health
of residents in the western and eastern regions at the level of
1% but has little impact on the health of residents in the central
area. It is considered that residents in the economically developed
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eastern area have more ability to buy healthcare appliances to
be used for physical exercise in more ways, while the economic
conditions of the residents in the central area are slightly poorer,
the conditions for physical exercise are insufficient, and there is
a lack of exercise. So the degree of improvement in their health
status is not large.

In addition, the level of income will also affect the level of
health. The higher the level of income, the more likely it is to
purchase health products, improve diet, and increase investment
in fitness to improve physical health (8). From the perspective of
income differences, the frequency of exercise significantly affects
the health status of all income groups, the regression coefficient
of a sample of high-income groups is relatively large in absolute
value, and it has a greater impact on high-income groups. The
results are shown in Table 7. It may be that middle-income
residents are engaged in manual labor, so even if the frequency
of participation in exercise by middle-income groups increases,
the effect of improving health is not significant.

Completion of compulsory education will also affect the
participation rate of physical exercise to a certain extent.
Studies have shown that educated people will do more
exercises than those not educated in order to improve physical
function and adjust mentality (9). In addition, compulsory
education can improve people’s years of education, thereby
changing people’s perception of physical exercise and health
and prompting people to exercise (11). From the perspective
of whether compulsory education has been completed, the
compulsory education group sample’s absolute value of the
regression coefficient is relatively large, and it indicates that
those who have completed compulsory education are less
effective in improving their physical health through exercise
than those who have not completed it. It may be that those
with a higher education level have a more comprehensive
understanding of health and will improve their health through
other methods.

RESEARCH CONCLUSIONS AND
ENLIGHTENMENT

This paper uses the 2018 data of the CFPS, based on OLS and
tobit models, to study the relationship between participation in
physical exercise and the health of residents, and the following
main conclusions are drawn: first, participation in physical
exercise significantly promotes the health of residents. The higher
the frequency of participation in exercise, the better the health
status. Moreover, after a variety of robustness tests, the results
are still consistent with the benchmark regression results. Second,
the impact of participation in physical exercise on the health
of residents has individual characteristics. Physical exercise has
more obvious effects on youth and the elderly, those who have
not completed compulsory education, and high-income groups.
Third, there are regional differences in the impact of participating
in physical exercise on the health of residents. The effect of
physical exercise for urban residents in promoting health is better

than that of rural residents, and the eastern and western areas are
better than the central area.

The research in this paper not only confirms the rationality
of enhancing physical fitness and improving mental health
through physical exercise but also has reference significance
and practical value for the formulation and implementation of
policies. Regarding the improvement of residents’ health, the
state’s requirements in the field of sports have ranged from
nationwide fitness to sports power, demonstrating the powerful
role of sports in promoting residents’ health. Therefore, in order
to promote all residents to improve their health through sports
and to achieve the strategic goal of the construction of healthy
China, this paper puts forward the following inspirations.

First, attach importance to residents’ participation rate in
sports and urge residents to incorporate sports into their lives.
Promote a healthy lifestyle of physical exercise, enhance people’s
awareness of promoting health through exercise, combine sports
health management with modern technology, promote sports
into life, make people live in sports, and maintain a good state of
participation in sports, thereby enhancing health level. Second,
raise the income level of residents and pay attention to and
guide young and old people to perform correct physical exercises.
While consolidating the effectiveness of poverty alleviation,
education should also be strengthened to cultivate talents to
drive the development of industries in backward areas to
increase residents’ income. In addition, the knowledge of sports
healthcare should be widely popularized to perform physical
exercises correctly and effectively. Third, the sports resources
are tilted toward the countryside, and the construction of sports
facilities and venues in the central and western areas should be
strengthened. Pay attention to the physical exercise of residents in
backward areas, increase the construction of sports infrastructure
in rural areas and the central and western areas, send sports
talents to the countryside, and correctly guide rural residents
to exercise.
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Unlike past health crises that were more localized, the highly contagious coronavirus

disease 2019 (COVID-19) crisis is impacting the world to an unprecedented extent. This

is the first study examining how and whether the COVID-19 pandemic affects herding

behavior in the Eastern European stock markets. Using samples from the stock markets

of Russia, Poland, the Czech Republic, Hungary, Croatia, and Slovenia from January 1,

2010 to March 10, 2021, we demonstrate that the COVID-19 pandemic has increased

herding behavior in all the sample stock markets. Our results show that the COVID-19

crisis reinforces the impact of global market returns on herding behavior in these specific

stock markets. We find that COVID-19 strengthens the spillover effect of regional herding

on herding behavior. Thus, financial authorities should monitor investors in the stock

market to avoid the increase in herding behavior as well as the reinforcement of the global

market returns and regional return dispersion on herding during the period of pandemic.

Keywords: COVID-19, CSAD model, herding behavior, Eastern Europe, stock market, regional herding

INTRODUCTION

The highly contagious coronavirus disease 2019 (COVID-19) pandemic first occurred in Wuhan,
China in December 2019 and spread rapidly worldwide. By February 18, 2021, 1.1 billion people
in 218 countries were infected with the virus. Among them, there have been 2.44 million deaths
globally and over 80 million recovered patients. In Eastern Europe, the first confirmed case
appeared in Russia on January 31, 2020, and subsequent related cases gradually appeared and
spread to other countries such as Croatia on February 25, 2020, Czech Republic on March 1, 2020,
Poland and Hungary onMarch 4, 2020, and Slovenia onMarch 5, 2020 (see Table 1). The influence
of COVID-19 is an unprecedented global disaster, different from the previous pandemic events
that were more localized. Furthermore, the virus is resilient and is expected to produce a long-term
destructive impact on world health and the economy.

The past literature on the effects of pandemics on financial markets is limited. Among them,
pandemics can affect financial systems through huge economic costs (1–3). Ali et al. (4) show
empirically that the Chinese stock market exhibited relatively lower volatility during both the
epidemic and pandemic period, while the average volatility of stock markets in the US, the UK,
Germany, and South Korea increased drastically from the epidemic period to the pandemic period.
So et al. (5) investigate the effects of the COVID-19 pandemic on the connectedness of stock returns
in the Hong Kong market. Compared to other financial crises, there is a large increase in the
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TABLE 1 | The information for our sample countries in Eastern Europe.

Sr.no. Country The date of 1st

COVID-19

confirmed

case

Stock index Active

stock

exchange

day

1 Russia Jan 31, 2020 MOEX 2010/01/01

2 Poland Mar 04, 2020 WIG 30 2009/01/30

3 Czech Republic Mar 01 2020 PX 2009/08/30

4 Hungary Mar 04, 2020 Budapest

SEBudapest SE

2009/12/14

5 Croatia Feb 25, 2020 CROBEX 2008/11/19

6 Slovenia Mar 05, 2020 Blue-Chip SBITOP 2010/01/01

network connectedness in financial networks during the COVID-
19 outbreak. Al-Awadhi et al. (6) examine whether contagious
diseases affect the stock returns of the Hang Seng Index and the
Shanghai Stock Exchange Composite Index during the COVID-
19 outbreak. Their results show that both the daily growth
in total confirmed cases and total death caused by COVID-19
produce significantly negative effects on stock returns. Mazur
et al. (7) examine the differential stock price reactions to the
rapid spread of the coronavirus. Their results show that the
stock prices in most sectors collapse, while others may benefit
from the pandemic. Albulescu (8) examines the impact of official
announcements regarding the new confirmed cases and fatality
ratio on the volatility of US stock markets. Their results show
that the contagion of the COVID-19 strengthens the S&P 500
stock volatility.

Specifically, pandemics can result in investor herding
behaviors in the stock market. This issue requires further
analysis because the official announcement of World Health
Organization (WHO) categorizing the COVID-19 outbreak as
a global pandemic has led to serious crashes in global stock
markets. Herding behaviors in the stock market denote that
investors face uncertain information, and thus, they tend to
follow the stock-investing decisions and actions of others or
depend too much on public information without heeding their
own private information (9). Pandemics such as COVID-19 can
raise investors’ fears in stock return uncertainty due to medical
and economic instability, and thus, investors can imitate the
behavior of others who are more informed, which can cause
investor herding behaviors in the stock market.

Moreover, there are few studies on herding behavior in the
Eastern European stock markets. Among them, Filip et al.
(10) use the cross-sectional absolute deviation (CSAD) model
to investigate the existence of herding behavior in Eastern
European stock markets. Their results show the evidence of
herding behavior of investors at the sector level for most stock
markets, except Poland. Furthermore, the herding behavior
exists especially during the period of market downturn. By
using the CSAD model, Angela-Maria et al. (11) examine the
herding behavior for size-ranked stock portfolios in 10 Central
Eastern European (CEE) stock markets. They find that herding is
significant for the largest stock portfolios in Bulgaria, Slovenia,
and Latvia, while herding exists for medium-sized portfolios

in Estonia. Moreover, they find evidence on herding behavior
during the financial crisis period.

There are some studies on the effects of pandemics in
Eastern European countries that center on how pandemics
affect public health and the environment. Kowalska et al. (12)
examine the effect of the COVID-19 pandemic on HIV care and
persistence of antiretroviral treatment (ART) supplies in Central
and Eastern European (CEE) countries. This investigation is
especially important because the fragile healthcare systems in
these countries are tackling the COVID-19 pandemic. Their
results show that the treatment for both severe and chronic
medical situations unrelated to COVID-19 have been affected,
and maintaining drug supplies has been difficult. Filonchyk et al.
(13) examine the effect of COVID-19 prevention measures on
air quality. They find that the restrictions aimed at preventing
the spread of coronavirus improve the air quality in Poland.
However, this impact can be limited because emissions increased
after lockdown was eased due to the gradual increase in human
activity. Morozova et al. (14) investigate the potential natural
sources of plague in Europe. Their results reveal that black rats
were at least one of the possible natural sources of plague spread
in Eastern Europe.

Considering only a few studies focus either on herding
behavior in Eastern European stock markets or on the effects
of pandemics in Eastern European countries, it is worthwhile
to combine the two areas of research to analyze the impacts
of pandemics on herding behavior in Eastern European stock
markets. The research objective of this study is to investigate
whether COVID-19 enhances the existence of herding behavior,
reinforces the effect of the global market returns on herding
behavior, and strengthens the spillover effect of regional herding
on herding behavior in Eastern European stock markets.
Specifically, this study uses the CSAD model’s extension to
implement these issues. The CSAD model centers on the degree
of dispersion of an investor for stocks’ returns, which is regarded
as the standard in the literature on the herding in stock market.
Our empirical findings show that the COVID-19 pandemic
has increased herding behavior in all Eastern European stock
markets. The COVID-19 crisis reinforces the impact of global
market returns on herding behavior in these specific stock
markets. Moreover, COVID-19 strengthens the spillover effect of
regional herding on herding behavior.

This is the first study examining how and whether the
COVID-19 pandemic affects herding behavior in the Eastern
European stock markets, which fills this gap. The remainder of
this paper proceeds as follows. Section Materials and Methods
illustrates the materials and methods, including data, the CSAD
measure and its model, and the CSADmodel’s extension. Section
Results and Discussions reports and discusses our empirical
results. Section Conclusions concludes our paper.

MATERIALS AND METHODS

Data
The main data in this study are collected from stock market
indexes and individual stock prices of firms listed on MOEX
(Russia), WIG 30 (Poland), PX (Czech Republic), Budapest
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SE (Hungary), CROBEX (Croatia), and Blue-Chip SBITOP
(Slovenia). The individual stock prices of all firms listed on our
six Eastern European stock markets are taken from Datastream
dataset, which is developed by Thomson Company1. The daily
stock price of these individual stocks was downloaded and
transformed into a natural logarithm before the calculation of
the daily stock returns. Our sample data also includes global
stock prices, proxied by the MSCI stock index. Our sample
period is from January 1, 2010 to March 10, 20212. These stock
markets are selected because they are the markets where there
was enough trading information for constituent stocks of market
index during the sample period andwere impacted by COVID-19
in Eastern European countries3.

Our total sample includes 2,913 observations in the Moscow
Stock Exchange (MSE), Warsaw Stock Exchange (WSE), Prague
Stock Exchange (PSE), Budapest Stock Exchange (BSE), Zagreb
Stock Exchange (ZSE), and Ljubljana Stock Exchange (LJSE),
respectively. Because we use daily data to calculate investor
herding behavior in the stock market, the daily stock returns are
computed as Ri,t = (Pi,t – Pi,t−1)/Pi,t− 1.

CSAD Measure and Its Model
To examine investor herding behavior, this study first uses the
return dispersion model proposed by Chang et al. (15), which is
an improvement of the model proposed by Christie and Huang
(16). The Lakonishok et al. (17) herding measure uses trading
data based on the probabilities that follow the hypothesis of an
efficient market, but it is not necessary for return dispersion
herding model to follow this assumption since this model follows
the CAPM setting. Meanwhile, the LSV measure needs the
trading data with specific stock, specific time, and number of
investors, while the return dispersion model only needs the
trading data with specific stock and specific time. The return
dispersion model that needs less data dimension is more likely
to calculate and compare investor herding behavior in many
countries than the LSV measure. Chang et al. (15) employs the
CSAD of returns as a measure of return dispersion formulated
as follows:

CSADt =
1

M

M
∑

i=1

∣

∣Ri,t − Rm,t

∣

∣ (1)

where Ri,t is the individual return of stock i on day t and Rm,t

is the market return (equal-weighted average stock return) on
day t in a country-specific stock market. Our CSADmodel in the
country-specific stock market is the following:

CSADt = α + γ1
∣

∣R m,t

∣

∣ + γ2R
2
m,t + εt (2)

where the definitions of Rm,t and CSADt are the same as in
Equation (1). γ1 is expected to be significantly positive because

1The Thomson company is located in Stamford, CT, USA.
2This study considers January 1, 2010 as the initial date of our sample period

because we avoid the harmful impact of the subprime financial crisis period, and

most stockmarkets in Eastern European countries became active after the financial

crisis.
3The date of the first COVID-19 confirmed case in these countries are shown

in Table 1.

the cross-sectional dispersion of returns is supposed to increase
with the level of absolute market returns. If herding exists, this
relationship between CSAD and market return may become less
positive and linear and might even turn negative and non-linear.
This phenomenon occurs because herding denotes a decrease in
CSAD and an increase in extreme market returns. Thus, herding
is assumed to exhibit a significantly negative γ2.

Empirical Examination of the CSAD
Model’s Extension
Then, we add the squared market returns of the global stock
prices to examine if the global stock returns produce the
impacts on investor herding behavior in the country-specific
stock market. The test is shown in Equation (3) as follows:

CSADt = α + γ1
∣

∣R m,t

∣

∣ + γ2R
2
m,t + γ3R

2
Gm,t + εt (3)

where RGm,t is the returns of the global stock prices, which
is proxied by the MSCI stock index returns. The significantly
negative value of γ3 in Equation (3) indicates that the country-
specific stock market exhibits herding around the global
market returns.

Next, we add the regional return dispersions in the Eastern
European countries to examine the existence of the regional
herding spillover from the regional stock market to the country-
specific stock market. The examination is given in Equation
(4) as

CSADt = α + γ1
∣

∣Rm,t

∣

∣ + γ2R
2
m,t + γ3R

2
Gm,t + γ4CSAD

L
t + εt(4)

where CSADL
t is the regional return dispersions in the East

European stock markets. The significantly positive value of γ4
in Equation (4) means that the regional return dispersions
spread out to raise the herding behavior of country-specific stock
markets. The CSAD model’s extension fits in this study since the
global stock returns can affect herding behavior in the country-
specific stock market, and the spillover effect of the regional
herding on herding behavior can occur.

More importantly, we add the COVID-19 dummy variable
(DCOVID) to examine the effect of COVID-19 on investor herding
in the regional stock markets. This is presented in Equation (5) as

CSADt = α + γ11D
COVID

∣

∣Rm,t

∣

∣ + γ12
(

1− DCOVID
)
∣

∣Rm,t

∣

∣

+γ21D
COVIDR2m,t + γ22

(

1− DCOVID
)

R2m,t

+γ31D
COVIDR2Gm,t + γ32

(

1− DCOVID
)

R2Gm,t

+γ41D
COVIDCSADL

t + γ42
(

1− DCOVID
)

CSADL
t + εt

(5)

where DCOVID is the dummy variable measuring whether
COVID-19 occurs. DCOVID = 1 since the date of the first
confirmed COVID-19 case in each sample country (see Table 1)
and zero before that. The significantly negative values of γ21 and
γ22 in Equation (5) denote the existence of herding following
(before) COVID-19. Similarly, the significantly negative values
of γ31 and γ32 indicate that country-specific stock markets
exhibit herding around the global market returns following
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(before) COVID-19. Moreover, the significantly positive values
of γ41 and γ42 imply that the herding of country-specific stock
markets increases by the regional herding spillover following
(before) COVID-19.

In addition, we take the previous effect of COVID-19 on
stock herding in Equation (5) as our general model to further
consider the asymmetric effects that can affect herding behavior:
up- and down-market returns (18–20). This study only considers
the asymmetry of market returns, since the rise and fall of stock
market returns are the most intuitive form of market asymmetry
for investors. Specifically, we investigate whether the asymmetry
of herding behavior exists when the stock market is rising or
falling during the pre- and post-COVID-19 periods.

RESULTS AND DISCUSSIONS

Table 2 reports the descriptive statistics for CSAD measure,
the average market return (Rm,t) calculated using the equal
weights for each sample markets, the global market return
(RGm,t) proxied by the MSCI index return, and the regional
CSAD measure calculated using the regional return dispersions
(CSADL

t ). We can see from Table 2 that the mean values and
standard deviations of CSAD in all sample stock markets and
CSADL are higher during the COVID-19 period. Our results
denote that there are unusual cross-sectional variations because
of unexpected events (21, 22). Meanwhile, the mean values of
both the specific and global market returns are lower, and their
standard deviations are higher during the COVID-19 period.
They suggest that COVID-19 has caused a significant reduction
and instability in the profitability of the stock markets both in
Eastern Europe and the broader world.

Table 3 shows the results of estimating Equation (5) for
the general model in these Eastern European stock markets
during our sample period. Our results show the significantly
negative coefficient γ21 for most sample countries, except
that the non-significant coefficient γ21 in the Warsaw Stock
Exchange of Poland is still negative. The findings mean that
significant investor herding behavior exists in almost all the
Eastern European stock markets. The only exception, the stock
market of Poland, still shows a tendency for herding. Compared
with γ22, γ21 in all the countries are more significantly negative,
and the differences between γ21 and γ22 in all the countries are
evident. The results denote that COVID-19 enhances investor
herding behavior in all the Eastern European stock markets.
This phenomenon possibly occurs because COVID-19 causes
investors’ fears in stock return uncertainty, and investors easily
follow the trading behavior of others in the stock market.

Moreover, there is the significantly negative coefficient γ31 in
the stock markets of most countries except the non-significantly
negative γ31 in those of Poland and Hungary. This finding
indicates that global stock returns reinforce investor herding
behavior in the specific stock market of almost all the sample
countries. Similarly, γ31 in most countries is more significantly
negative than γ32. The findings provide evidence that COVID-
19 strengthens the herding of country-specific stock markets
in most Eastern European countries around the global market

returns. Next, the significantly positive coefficient γ41 exists in
the stock markets of most countries except the non-significantly
positive γ41 in the stock market of Hungary. This phenomenon
denotes that the regional return dispersions in Eastern Europe
spread out to reinforce the herding behavior of country-
specific stock markets. Additionally, γ41 in most countries
are more significantly positive than γ42. The results imply
that COVID-19 enhances the spillover of regional herding on
the herding of country-specific stock markets in most Eastern
European countries.

Moreover, Table 4 presents the results of considering the
asymmetric effects of market return in each stock market.
Compared with the results of the general model, those
considering the asymmetric effects are robust in examining the
coefficients affecting the CSAD measure in almost all Eastern
European stock markets. Overall, regardless of higher or lower
market returns, γ21 is more significantly negative than γ22, γ31 is
more significantly negative than γ32, and γ41 is more significantly
positive than γ42 in most of the sample countries. Accordingly,
we reconfirm that COVID-19 raises herding behavior, reinforces
country-specific stock market herding around the global market
returns, and enhances the spillover of the regional herding
on country-specific stock market in most Eastern European
countries. In addition, herding behavior is more pronounced
when market returns are lower during the post-COVID-19
period in the stock markets of most countries except Hungary
and Russia.

CONCLUSIONS

COVID-19 has affected the world in multiple ways. However,
few studies have explored the effects of such a pandemic on
herding behavior in stock markets. Importantly, there is no
research until now that analyzes the related issues in Eastern
European countries.

This study first examines whether the COVID-19 pandemic
influences herding behavior in Eastern European stock markets.
Using the samples of the stock prices of firms listed on
MOEX (Russia), WIG 30 (Poland), PX (Czech Republic),
Budapest SE (Hungary), CROBEX (Croatia), and Blue-Chip
SBITOP (Slovenia) from January 1, 2010 to March 10, 2021,
we demonstrate that the COVID-19 pandemic raises herding
behavior in all Eastern European stock markets.

This study then investigates whether the global stock market
affects herding in country-specific stock markets since the
occurrence of COVID-19. Our results show that the COVID-
19 crisis reinforces the impact of the global market returns
on herding behavior of specific stock markets in most Eastern
European countries. Next, we investigate whether the regional
return dispersions spread out to affect herding in the specific
stock markets since the COVID-19 crisis. We find that COVID-
19 strengthens the spillover effect of the regional herding on
herding behavior of specific stock markets in almost all the
Eastern European countries.

Finally, we examine the asymmetric effects of herding
behavior by considering up-/down-market returns during the
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TABLE 2 | Descriptive statistics.

N◦ Obs. Mean Std.Dev. Min Max

MSE (Russia) CSAD 2651 0.018 0.014 0.000 0.248

Pre COVID-19 RM,t 2651 0.000 0.016 0.142 0.123

RGM,t 2647 0.000 0.008 0.053 0.048

CSADL
t 2650 0.006 0.004 0.000 0.090

MSE (Russia) CSAD 268 0.019 0.016 0.000 0.140

Post COVID-19 RM,t 268 0.001 0.021 0.135 0.137

RGM,t 283 0.000 0.018 0.104 0.084

CSADL
t 268 0.007 0.005 0.000 0.032

WSE (Poland) CSAD 2651 0.012 0.004 0.000 0.040

Pre COVID-19 RM,t 2651 0.000 0.010 0.062 0.044

RGM,t 2647 0.000 0.008 0.053 0.048

CSADL
t 2650 0.006 0.004 0.000 0.090

WSE (Poland) CSAD 268 0.019 0.009 0.000 0.070

Post COVID-19 RM,t 268 0.001 0.026 0.151 0.078

RGM,t 283 0.000 0.018 0.104 0.084

CSADL
t 268 0.007 0.005 0.000 0.032

PSE (Czech) CSAD 2651 0.009 0.006 0.000 0.122

Pre COVID-19 RM,t 2651 0.000 0.009 0.048 0.071

RGM,t 2647 0.000 0.008 0.053 0.048

CSADL
t 2650 0.006 0.004 0.000 0.090

PSE (Czech) CSAD 268 0.019 0.006 0.000 0.042

Post COVID-19 RM,t 268 0.001 0.014 0.083 0.061

[[Inline Image]] 283 0.000 0.018 0.104 0.084

CSADL
t 268 0.007 0.005 0.000 0.032

BSE (Hungary) CSAD 2651 0.022 0.017 0.000 0.319

Pre COVID-19 RM,t 2651 0.000 0.014 0.185 0.175

RGM,t 2647 0.000 0.008 0.053 0.048

CSADL
t 2650 0.006 0.004 0.000 0.090

BSE (Hungary) CSAD 268 0.028 0.018 0.000 0.076

Post COVID-19 RM,t 268 0.000 0.020 0.139 0.075

RGM,t 283 0.000 0.018 0.104 0.084

CSADL
t 268 0.007 0.005 0.000 0.032

ZSE (Croatia) CSAD 2651 0.015 0.012 0.000 0.331

Pre COVID-19 RM,t 2651 0.001 0.011 0.208 0.065

RGM,t 2647 0.000 0.008 0.053 0.048

CSADL
t 2650 0.006 0.004 0.000 0.090

ZSE (Croatia) CSAD 268 0.016 0.019 0.000 0.058

Post COVID-19 RM,t 268 0.000 0.012 0.091 0.060

RGM,t 283 0.000 0.018 0.104 0.084

CSADL
t 268 0.007 0.005 0.000 0.032

LJSE (Slovenia) CSAD 2651 0.014 0.011 0.000 0.191

Pre COVID-19 RM,t 2651 0.000 0.011 0.086 0.113

RGM,t 2647 0.000 0.008 0.053 0.048

CSADL
t 2650 0.006 0.004 0.000 0.090

LJSE (Slovenia) CSAD 268 0.017 0.020 0.000 0.060

Post COVID-19 RM,t 268 0.000 0.013 0.080 0.048

RGM,t 283 0.000 0.018 0.104 0.084

CSADL
t 268 0.007 0.005 0.000 0.032

periods pre- and post-COVID-19. Our results on the asymmetric
effects are still robust for all the above tests in most Eastern
European countries. Considering the asymmetric effects, we

reconfirm that COVID-19 increases herding behavior, reinforces
the effect of the global market returns on herding behavior, and
strengthens the spillover effect of regional herding on herding
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TABLE 3 | Effect of COVID-19 on herding behaviour in Eastern Europe markets for the general model.

Panel A:MSE (Russia)

γ11 γ12 γ21 γ22 γ31 γ32

0.061 −0.001 −6.138*** 9.258*** −2.389* 5.362***

[0.177] [0.962] [0.000] [0.000] [0.098] [0.005]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

1.145*** 0.829*** 0.010*** 2913 0.516 172.38*** 13.50*

[0.000] [0.000] [0.000]

Panel B:WSE (Poland)

γ11 γ12 γ21 γ22 γ31 γ32

0.118*** 0.039*** −1.323 6.925*** −1.035 −0.436

[0.000] [0.000] [0.133] [0.000] [0.561] [0.614]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

0.808*** 0.082*** 0.011*** 2913 0.328 10.324* 5.251

[0.000] [0.002] [0.000]

Panel C:PSE (Czech)

γ11 γ12 γ21 γ22 γ31 γ32

0.057* 0.016 −6.386*** 15.923*** −3.033** 0.617

[0.092] [0.540] [0.004] [0.000] [0.011] [0.729]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

0.477*** 0.057 0.008*** 2913 0.362 61.75** 102.52***

[0.000] [0.251] [0.000]

Panel D:BSE (Hungary)

γ11 γ12 γ21 γ22 γ31 γ32

0.144*** 0.067 −5.043* 11.492*** −1.068 −0.648

[0.007] [0.133] [0.080] [0.000] [0.443] [0.678]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

0.160 0.434* 0.017*** 2913 0.578 14.28* 1.51

[0.293] [0.061] [0.000]

Panel E:ZSE (Croatia)

γ11 γ12 γ21 γ22 γ31 γ32

0.111 0.083 −7.351** 8.411*** −1.657* −1.125

[0.108] [0.148] [0.021] [0.000] [0.081] [0.232]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

0.243*** 0.182** 0.013*** 2913 0.611 62.56** 24.88*

[0.004] [0.010] [0.000]

Panel F:LJSE (Slovenia)

γ11 γ12 γ21 γ22 γ31 γ32

0.037 −0.035 −10.533*** 21.700*** −2.234** −1.172

[0.680] [0.397] [0.000] [0.000] [0.046] [0.220]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

0.155** 0.147** 0.011*** 2913 0.506 114.08*** 18.27*

[0.020] [0.023] [0.000]

The t-stat1 (H0:γ21 = γ22) denotes the t-statistic examination for the difference between herding before COVID-19 and herding following COVID-19. The t-stat2 (H0:γ31 = γ32 ) denotes

the t-statistic examination for the difference between herding caused by the global market returns before COVID-19 and that following COVID-19. p-values in brackets.*p < 0.1, **p <

0.05, ***p < 0.01.

behavior in these countries. Accordingly, financial authorities
should monitor investor behavior in the stock market to avoid
the increase in their herding behavior as well as the reinforcement

of the global market returns and regional return dispersion
on herding during the pandemic period. Especially, financial
authorities in developing countries should formulate policies
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TABLE 4 | Effect of COVID-19 on herding behaviour in Eastern Europe markets for asymmetric effects.

Panel A:MSE (Russia)

Rm,t >0

γ11 γ12 γ21 γ22 γ31 γ32

0.372*** 0.491*** −3.985*** 3.273*** −2.879*** 8.280***

[0.000] [0.000] [0.000] [0.000] [0.006] [0.001]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

0.853*** 0.797*** 0.007*** 1444 0.556 120.71*** 95.88***

[0.000] [0.000] [0.000]

Rm,t <0

γ11 γ12 γ21 γ22 γ31 γ32

−0.578*** −0.552*** −1.892* 2.955*** −3.656*** 1.393

[0.000] [0.000] [0.055] [0.000] [0.001] [0.607]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

1.041*** 0.659*** 0.008*** 1328 0.590 49.22** 78.45**

[0.000] [0.010] [0.000]

Panel B:WSE (Poland)

Rm,t >0

γ11 γ12 γ21 γ22 γ31 γ32

0.228*** 0.128** −2.350* 3.061 −0.670 1.764*

[0.003] [0.016] [0.052] [0.191] [0.353] [0.088]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

0.511*** −0.026 0.012*** 1445 0.457 24.08* 8.205*

[0.000] [0.331] [0.000]

Rm,t <0

γ11 γ12 γ21 γ22 γ31 γ32

−0.209*** −0.105*** −2.497*** 2.561*** −0.838 0.360

[0.001] [0.000] [0.000] [0.004] [0.105] [0.728]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

0.372** 0.012 0.012*** 1345 0.442 186.510*** 4.112

[0.011] [0.586] [0.000]

Panel C:PSE (Czech)

Rm,t >0

γ11 γ12 γ21 γ22 γ31 γ32

0.344*** 0.086 −1.486* 15.314*** −2.052* 1.699

[0.004] [0.394] [0.046] [0.004] [0.084] [0.520]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

−0.074 0.183* 0.008*** 1461 0.441 32.52** 88.07**

[0.224] [0.094] [0.000]

Rm,t <0

γ11 γ12 γ21 γ22 γ31 γ32

−0.338*** −0.258** −2.142* 6.909 −2.057* 0.449

[0.002] [0.012] [0.057] [0.222] [0.0824] [0.834]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

0.253* 0.035 0.007*** 1338 0.339 13.58* 92.03**

[0.075] [0.527] [0.000]

(Continued)
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TABLE 4 | Continued

Panel D:BSE (Hungary)

Rm,t >0

γ11 γ12 γ21 γ22 γ31 γ32

0.656*** 0.835*** −4.994*** 5.422*** −2.654 −2.561

[0.000] [0.000] [0.000] [0.000] [0.182] [0.384]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

0.038 0.042 0.015*** 1390 0.698 240.34*** 5.148

[0.766] [0.641] [0.000]

Rm,t <0

γ11 γ12 γ21 γ22 γ31 γ32

−0.064 −0.778*** −4.260*** 5.405*** −2.960** −2.235

[0.440] [0.000] [0.000] [0.000] [0.016] [0.283]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

0.233 0.062 0.014*** 1393 0.731 208.12*** 12.25*

[0.130] [0.313] [0.000]

Panel E:ZSE (Croatia)

Rm,t >0

γ11 γ12 γ21 γ22 γ31 γ32

0.677*** 0.233*** −2.411* 22.386*** −2.367* −2.325*

[0.000] [0.003] [0.081] [0.000] [0.073] [0.082]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

0.001 0.006 0.013*** 1354 0.568 60.85** 2.42

[0.985] [0.963] [0.000]

Rm,t <0

γ11 γ12 γ21 γ22 γ31 γ32

−0.896*** −0.651*** −4.582*** 4.233*** −6.678** −6.052*

[0.000] [0.000] [0.000] [0.000] [0.021] [0.061]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

0.090 −0.067* 0.011*** 1430 0.830 235.15*** 22.23*

[0.488] [0.071] [0.000]

Panel F:LJSE (Slovenia)

Rm,t >0

γ11 γ12 γ21 γ22 γ31 γ32

0.797*** 0.742*** −3.195* 8.551*** −1.452** 0.830

[0.000] [0.000] [0.076] [0.000] [0.040] [0.530]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

0.368 −0.010 0.008*** 1388 0.651 89.54** 50.88**

[0.114] [0.821] [0.000]

Rm,t <0

γ11 γ12 γ21 γ22 γ31 γ32

−1.248*** −0.748*** −6.076*** 10.674*** −1.784*** −1.437*

[0.000] [0.000] [0.000] [0.000] [0.007] [0.070]

γ41 γ42 α Obs. R-squared t-stat1

(H0:γ21 = γ22)

t-stat2

(H0:γ31 = γ32)

0.546* −0.108* 0.009*** 1389 0.628 108.07*** 11.69*

[0.061] [0.054] [0.000]

The t-stat1 (H0:γ21 = γ22) denotes the t-statistic examination for the difference between herding before COVID-19 and herding following COVID-19. The t-stat2 (H0:γ31 = γ32 ) denotes

the t-statistic examination for the difference between herding caused by the global market returns before COVID-19 and that following COVID-19. p-values in brackets.*p < 0.1, **p <

0.05, ***p < 0.01.
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quickly to reduce investors’ fears in their health and the economy
as a pandemic occurs. Because medical resources and financial
developments are limited in developing countries, investors in
these countries are more likely to follow the trading behavior
of others in the stock market due to their fears in such a
pandemic. Meanwhile, because the stock prices in developing
countries are easily affected by the global stock indices and the
regional stock dispersions, financial authorities in these countries
should formulate policies fast to decrease the reinforcement of
the global market returns and the regional stock herding on
herding behavior in stock markets of these countries as facing
a pandemic.

The limitation of this study is that several stock markets
in Eastern European countries are not selected in our sample
countries. The reason is because there was not enough trading
information for constituent stocks of the market index in these
markets during our sample period. In the further research,
researches could consider the following issues. First, by adding
the global return dispersions into CSAD model, they can

investigate the evidence of the global herding spillover from the
global stock market to the country-specific stock market since
the pandemic occurs. Second, they can examine the effects of
the different stages of the pandemic on herding behavior in
stock markets.
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During recent decades, the elevation of workers’ health has become the utmost point

of concern since it is considered among the primary indicators of economies. The

economies, especially the emerging ones, are primarily focusing on every indicator to

uplift their businesses. Along with the other aspects, it is also required to assess the

impact of Chronic Obstructive Pulmonary Disease (COPD) on workers’ health conditions

in small- and medium-scale enterprises (SMEs). With this aim, we are presenting a

detailed analysis to reveal useful insights regarding the COPD-workers’ health nexus.

The sample set of 1,008 workers is working in various SMEs in Beijing and Tianjin from

September, 2020. The findings infer that a rise in COPD concerning wages will uplift

the worker health problems due to COPD affecting worker health. Whereas, the working

condition and tools, smoking years, and health safety training have a statistically adverse

effect on workers’ health concerning wages. The outcomes in terms of insights would

be useful for planning future perspectives.

Keywords: COPD, workers health, probit model, SMEs, China

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) has a high economic burden for each economy.
Soriano et al. (1) reported that COPD becomes the third leading source of death and the sixth
source of disability worldwide at the end of 2030. Therefore, COPD outcomes in a high economic
burden consist of two costs; direct healthcare expenditure and indirect costs of lost productivity
(2). As Woo et al. (3) covered a systematic review of six economies in Asia-Pacific named China,
South Korea, Taiwan, Japan, Thailand, and Singapore. They noted that the COPD prevalence rate
in Asia-Pacific is 6.2%. Whereas, at the estimates of regional level, prevalence rates ranged from a
high of 13.6% in China, 8.2% in South Korea, 7% in Japan, 6.1% in Taiwan, and 5.9% in Singapore
to a low of 5.3% in Thailand (4–7). The economic burden of direct costs and indirect costs of each
country have the difference, showing that the government offset the high indirect costs via subsidy.

COPD is a medical disease that includes a group of chronic, progressive, and debilitating
respiratory conditions, including chronic bronchitis and emphysema. It is the foremost cause of
mortality and morbidity globally. It is observed that COPD is the fourth foremost reason for global
mortality WHO (8), and its occurrence is anticipated to increase (9). COPD is considered by
persistent, progressive airflow limitation and often appeared with a cough and enlarged sputum
production. The smoke from industrial toxins and biomass fuels is also problematic risk factors
(10). The symptoms of COPD source noteworthy damage to workers’ health and quality of life,
including breathlessness, physical limitations, and anxiety, resulting in the workers’ efficiency in the
industry. COPD signifies severe morbidity, and tobacco smoking is the leading source of COPD,
and each sector of the industry is affected, especially small- and medium-sized enterprises (SMEs)
have also faced problems in various economies.
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No doubt, SMEs are considered the backbone of every
economy, and the adverse situation of workers’ health in SMEs
is more alarming. Kawahara et al. (11) reported the information,
risk perception, and self-efficacy factors that positively influenced
the workers’ health in SMEs. Working in SMEs is particularly
riskier. Theoretical and empirical literature renowned that the
risk of workers’ health in SMEs is higher than larger enterprises
(12, 13). The literature shows several common factors that
can explain the performance of SMEs, and, in particular, of
SMEs compared with larger enterprises, for instance, lack of
financial resources, absence of workers’ representation, and weak
commitment of managers (14–16). The fact is that workers’
health is one of the main factors of firm performance, and mostly
SMEs have issues in workers’ health, and COPD significantly
disturbs the workers’ heath in the industry.

Often, SMEs have more experience of difficulties in workers’
health due to scarcer resources and are often less aware than
large enterprises of costs experienced due to non-compliance
(17). As Economic Census of Japan (2012) reported that 70% of
workers are employed in SMEs in Japan, among these workers,
larger proportions of health problems have been found in SMEs
than those engaged in larger enterprises. A bulk of workers are
employed by SMEs (18), which have greater work-related injury
and disease rates than larger enterprises (19). SMEs tend to focus
on traditional working styles normally and faced hazards (e.g.,
repetitivemotion and chemical exposure andCOPD). Lamm (20)
and Antonsson et al. (21) observed that SME enterprises have
limited resources, are more financially pressured, and have few
work-related safety and health programs compared with their
large enterprises (22). Owners of SMEs often manage manifold
responsibilities, but limited resources and lack of formal training
and experience could not focus on health workers (14, 20).
Therefore, workers’ productivity in SMEs is relatively small
compared with large enterprises and difference due to COPD.

A bulk of studies observed that, as Sin et al. (23) suggest,
COPD is one of the rapidly growing public health problems
globally, although direct costs of COPD are more for the
economy, and its severity affected workforce participation.
Sullivan et al. (24) assess the economic burden of COPD and
estimated the $18 billion annual direct costs of COPD in theUSA,
although COPD also severely affects the working-age population.
COPD has the potential to delay a person’s ability to work,
leading to lost wages for workers, employers’ working hours, and
productivity losses. Some empirical studies reported the impact
of COPD on workers in the agricultural sector (25–28). A few
studies are conducted for worker health at the industrial sector
level, for instance, Thompson et al. (29) and Gul et al. (30).
Ulvestad et al. (31) reported COPD factors in tunnel workers
but could not find the impact of COPD on workers’ health. Lim
et al. (6) noted the impact of COPD disease in households in the
Asia-Pacific region and reported the importance of education in
COPD management. While some empirical studies indicate that
COPD disparities, trends, and their impacts on workers’ health
are important among SMEs, it is unclear from the literature how
SME owners can manage COPD. Previous literature concludes
that COPD has adversely affected workers’ health in industrial
and agricultural sectors. As for the previous empirical literature,

the adverse impact of COPD on workers’ health and productivity
is not well-known.

However, no empirical research work is conducted on the
impact of COPD on workers’ health in SMEs in emerging
economies. Therefore, this empirical study aimed to examine
the concentrations of COPD and its types in the industrial
samples (small and medium) of the workers in emerging one’s
economy and measure its hazardous effects on workers’ health.
The available health literature on the occupational causes of
COPD is vast, but the impact of COPD on workers’ health is
too limited. However, no study to date has scrutinized COPD
impact of workers’ health nexus in SMEs to our knowledge. This
study has also attempted to explore the determinants of COPD
in SMEs. The remaining study is prepared as follows: the next
section summarizes the previous literature, and the fourth section
presents the methods and econometric analysis. Conclusions and
implications are also mentioned in the final section.

LITERATURE REVIEW

It is considered that COPD is one of the leading sources of
mortality and morbidity among the adult population worldwide
(2). They noted in developed nations that COPD is the most
common reason for death after malignancies, cardiovascular
diseases, and deaths related to accidents. Also, the ratio of COPD-
related deaths in the total deaths is increasing day by day,
with the forecast that by 2020, COPD will be the third most
common source of death in the world. The highest occurrence
was also noted in Africa and the lowest in Germany. COPD-
related mortality in Europe varies from 10/100,000 in France,
Greece, Spain, and the UK, up to around 40/100,000 in Belgium,
Germany, Denmark, Norway, Sweden, Russia, Hungary, and
Romania. In Poland, symptoms of chronic damage of airflow
have also existed in 4.9% of females and 8.5% of males. The
numbers of death vary in each region of the world. Smoking is
observed as one of the strongest links with a relative risk of 2.3 in
females and 4.3 in males.

A study by Pływaczewski et al. (32) noted that in the high age
group between 41 and 72, COPD was more detected in 10.3%
of females and 10.9% of males, while the relative share of males
is more compared with females. Among smokers, respondents
above the age of 40 participate in testing, and 23% had COPD.
In 2001, patients related to COPD were 24.2/10,000 for females
and 41.9/10,000 for males, while males faced more problems than
females. Similarly, in 1999–2000, COPD was the main cause of
death in 1.3% of females and 2.6% of males. In the world, the
risk factors of COPD in the male are 4.3% and 2.3% in female, as
observed by Szczyrek et al. (28).

Air pollution in the home environment is less significant
but yet very important. In developing economies, exposure to
home-based air pollution, initiated by the use of biomass as
fuel for heating and cooking, contributes to the whole COPD
morbidity. The burning of biomass is more responsible for
COPD as compared with outdoor pollution or smoking. A high
occurrence of COPD among non-smoking females in Africa,
the Middle East, Asia, and America is considered to be caused
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by the extensive usage of cooking fuels for biomass (13, 33).
Clean air in the working place is also very important especially
for work efficiency. Eduard et al. (26) observed that the COPD
factors are strongly linked with chronic bronchitis and exposure
to hydrogen sulfide, ammonia, and inorganic dust. Research-
related agricultural workers (25) considered the prevalence of
bronchitis in French dairy farmers and decided that they are
at high risk of bronchial obstruction and chronic bronchitis.
Similarly, Greskevitch et al. (34) examined the proportional
mortality ratios (PMRs) for respiratory conditions among six
agricultural sectors, such as crop farmworkers, farm managers,
livestock farm workers, forestry, and fishery and landscape and
horticultural workers. They also examined prevalence ratios
(PRs) for 12 respiratory conditions among two agricultural
sectors: agricultural workers and farm managers. Data analysis
also revealed that livestock farmworkers and crop farmworkers
had significantly raised mortality linked with respiratory
conditions. Mortality for hypersensitivity pneumonitis was
higher 10–50 times than expected. Whereas, horticultural and
landscape workers had also significantly raised mortality for
mediastinum and lung abscesses and chronic airway obstruction.
Similarly, forestry workers had highermortality than expected for
pneumonia, TB, and chronic airway obstruction. The occurrence
of asthma was also higher among smoker’s workers.

Likewise, Monsó et al. (27) also found a strong relationship
between COPD, endotoxin exposure, and dust. Similarly, Eduard
et al. (26) highlighted the issues of agricultural workers and
compared the possibility of COPD among livestock farmers
and crop farmers. Crop farmers are less likely to suffer
from COPD. They also measured the subjects’ lung function
and their effect of exposure to living agents. Exposure to
most of the living agents expected respiratory disease and
found a significant impact on human life. Omland et al.
(35) found a strong, consistent, and primarily significant
link between COPD and occupational exposures across and
within industry groups, and they also found risk factors for
COPD, such as vapors, dust, gas, and fumes. Lim et al. (6)
surveyed the EPIC Asia region and concluded that a high
prevalence of COPD in the contributing Asia-Pacific regions
shows a substantial social and economic burden of the COPD
disease in this region. This study also suggests that patient
and physician education can also enhance and improve the
health efficiency of employed workers in the region. Similarly,
Gershon et al. (36) reported that social and economical are
the most influential factors of workers’ health. They reported
the significant inverse links between socioeconomic and COPD
outcomes. Nurmagambetov et al. (37) reported the key sources
of mortality and morbidity in the USA. In 2000, they noted
that 10.5 million people had faced the problem of COPD,
while 7.2 million employed workers were below 65 years of
age. While the cost of COPD to workers is too high, the cost
could be reduced by providing more outpatient facilities to
COPD patients. Kawahara et al. (11) noted that risk perception,
self-efficacy, and information regarding COPD are improved
in the SMEs’ daily-based productivity. Thus, socioeconomic
factors are a key source of COPD and also adversely affect the
workers’ health.

DATA COLLECTION AND
COMPUTATIONAL STRATEGY

Beijing, an industrial power, is taken as a case study to explore the
impact of COPD on workers’ health. It has a significant industrial
size and power, and sister city Tianjin, a hub of aerospace,
automobile, mobile/cellphones, and energy-related product. The
sample set of 1,008 workers is working in various SMEs in Beijing
and Tianjin from September, 2020. A closed-ended, Likert 5
scaling, the questionnaire has been distributed online by utilizing
the survey monkey platform (https://www.surveymonkey.com/).
The questionnaire consists of a set of attributes of workers,
i.e., demographic attributes, impact variables, and target binary
variable, i.e., a health worker.

Computational tools such as MS Excel, SPSS, and Stata have
been utilized to conduct the empirical analysis. The sample set
was collected from the target group, SME workers, and requested
to accurately fill the demographic attributes, impact variables,
and target variables. For this, a bilingual questionnaire, English
and Chinese, has been developed to understand SME workers.
Accordingly, they can provide a reliable dataset to conduct
empirical analysis. Logistic regression, correlation, and frequency
distribution analysis have been conducted to explore the linkages
among COPD and workers’ health, respectively.

MODEL DESCRIPTION

In light of the maximum likelihood estimation approach, this
study uses a binary logit regression approach to reveal the nexus
of COPD and workers’ health. The considered model elaborates
whether or not COPD affects the workers’ health and pinpoints
features of SMEs workers’ health. The logistic regression can be
stated as:

Prob (workers′ health = WH = 1) =
ez

1+ ez
(1.1)

where e= natural logarithm base

WH = Does the COPD affect the WH

=

{

WH = 1 if COPD affect the WH
WH = 0 if COPD does not affect the WH

}

(1.2)

In light of the introduction and literature review sections, the
present study contributes to estimating the nexus of COPD and
workers’ health empirically, and its functional form is written
as follows:

WH = f (COPD, WCT, SK, WG,HS) (1.3)

WH = γ0 + γ1COPD+ γ2WCT+ γ3SK+ γ4 WG

+ γ5HS+ µi (1.4)

In Equation 1.4, WH is workers’ health (target variable), whereas
COPD is chronic obstructive pulmonary disease and measured
by respiratory symptoms, WCT is working condition and tools,
SK is smoking, WG is wages, and HS is health safety training.
COPD is an impact variable, while WCT, SK, WG, and HS are
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FIGURE 1 | COPD symptoms in Chinese SMEs.

FIGURE 2 | Workers’ age distribution of Chinese SMEs.

controlled variables in the estimated model. µi is an error term
measuring the extent to which the model cannot fully explain
future intentions.

DATA ANALYSIS AND RESULT
DISCUSSION

Graphical and Correlation Analysis
The graphical analysis is conducted to reveal age distribution
and COPD symptoms within the sample set and subsequently
depicted in Figures 1, 2. Around 42 and 34% of workers have
coughing during duty hours and breath shortness in working,

respectively. It indicates that COPD is damaging the workers’
health. As 70% of Japanese workers are employed in SMEs and
have larger proportions of health problems as compared with
workers in larger enterprises (Economic Census of Japan, 2012),
age distribution illustrates that 40% of workers are young and
below 30 years old.

Correlation analysis helps us to examine the associations
among concerned variables of the study (see Table 1). Chronic
obstructive pulmonary disease is positively associated with
workers’ health. There is a strongly consistent and most
significant link between COPD and occupational exposures
across and within industry groups, and they also found risk
factors for COPD (35). On the other hand, the working
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TABLE 1 | Correlations matrix.

Variables WH COPD WCT SY WG HS

WH 1.000

COPD 0.009 1.000

WCT −0.085 0.075 1.000

SY −0.295 −0.066 0.027 1.000

WG −0.085 0.075 1.000 0.027 1.000

HS −0.092 0.047 0.102 0.111 0.102 1.000

condition and tools (WCT), smoking years (SY), wages (WG),
and health safety training (HS) are negatively associated with
workers’ health. The aforementioned features can improve
worker health by skipping smoking, better salaries, and safe
training, respectively (13). A high occurrence of COPD among
non-smoking females in Africa, the Middle East, Asia, and
America are considered to be caused by the extensive usage of
cooking fuels for biomass (13, 33). The occurrence of asthma was
also higher among smoker’s workers (34).

Impact Analysis
Based on the maximum likelihood approach, the logistics
regression is utilized to tackle the binary nature of the target
variable, i.e., workers’ health. It is also used to compute the
impact of COPD on workers’ health of Chinese SMEs. Table 2
represents the marginal estimates of logistics evaluation. The
marginal estimates infer that a rise in COPD concerning wages
will uplift the workers’ health problems due to COPD affecting
workers’ health. This finding is similar to the study of Omland
et al. (35). It also found a strong, consistent, and most significant
link between COPD and occupational exposures across and
within industry groups, and they also found risk factors for
COPD, such as vapors, dust, gas, and fumes (35). The working
condition and tools, smoking years, and health safety training
have a statistically adverse effect on workers’ health concerning
wages. An increase in these features decreases the probability of
COPD affects the workers’ health. Owners of SMEs often manage
manifold responsibilities, but limited resources and lack of formal
training and experience could not focus on health workers (14).

The goodness of fit (GOF) of the estimatedmodel is significant
at 1% and infers that estimates are robust and reliable. The
link test also affirms the validity of the model by inferring the
correct functional form. It concludes that there is no problem
with omitted variables and functional form as this study has been
conducted using primary data. Therefore, multicollinearity must
be addressed to avoid unstable estimates. To tackle this issue, VIF
and TOL have been calculated to count themulticollinearity level.
If the VIF value equals 10 or more and the tolerance value equals
0.1 or more, it may be essential to be advance examined (38). The
estimated values of mean VIF and TOL are fine and fulfilled the
acceptable criteria (see Table 2).

Robustness Check: Accuracy and Validity
To affirm the estimates’ validity, model accuracy and receiver
operating characteristics curve (ROC) analysis have been

TABLE 2 | Logistics regression estimates (N = 1,008).

Marginal estimates St.Dev Z-stats P > |z|

LOGISTICS MODEL (TARGET VARIABLE = WH, WG = BASE VARIABLE)

COPD 0.0646* 0.0182 3.55 0.00

WCT −0.0439* 0.0167 −2.63 0.00

SY −0.2892* 0.0339 −8.51 0.00

HS −0.0294** 0.0136 −2.16 0.031

Diagnostics statistics

Logistic GOF 194.15*

Pearson chi2 0.0004

Link Test

_hat 0.7986* 0.1336 5.98 0.00

_hatsq −0.3613** 0.1655 −2.18 0.029

_cons 0.1373 0.0931 1.47 0.140

VIF TOL = 1/VIF

VIF STATISTICS

COPD 1.03 0.966532

WCT 1.01 0.986672

SY 1.04 0.964581

HS 1.03 0.967583

Mean VIF 1.03

*1% and **5% significant levels.

TABLE 3 | Sensitivity and specificity analysis.

True

Classification D ∼D Total

Logistic model for WH

+ 296 193 489

– 157 362 519

Total 453 555 1,008

Cross-validation analysis

Sensitivity Pr (+|D) 65.34% Positive

predictive

value

Pr (+|D) 60.53%

Specificity Pr (–|∼D) 65.23% Negative

predictive

value

Pr (–|∼D) 69.75%

False – rate for true D Pr (–|D) 34.77%

False + rate for true ∼D Pr (+|∼D) 34.66%

False + rate for classified Pr (∼D|+) 39.47%

False – rate for classified Pr (D|–) 30.25%

Correctly classified 65.28%

conducted and reported in Table 3 and Figures 3, 4. Model
accuracy has two components; sensitivity and specificity to
spotlight the accuracy of the estimated model, which is true
positive [Pr (+| D)] and [Pr (–|∼D)] negative, respectively.
Simply, it can be stated as the proportion of observed
positives and negative to be predicted positives and negative,
respectively (38, 39). It is a kind of trade-off between
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FIGURE 3 | Model validity and accuracy analysis.

FIGURE 4 | ROC analysis.
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sensitivity and specificity. The estimated logistic model is 65.28%
correctly specified.

The ROC or area under the curve (AUROC) is used to
measure the validity of the estimated model. Figure 4 illustrates
the AUROC and infers 0.6868 values which fall among the
acceptable value, i.e., 0.5–1.0 (39). It concludes that AUROC
predicted 68.68 percent correctly values.

CONCLUSION

COPD has a high economic burden for each economy.
Collaborators (1) reported that COPD becomes the third leading
source of death and the sixth source of disability worldwide
at the end of 2030. The economies, especially the emerging
ones, are primarily focusing on every indicator to uplift their
businesses. Along with the other aspects, it is also required to
assess the impact of COPD on workers’ health conditions in
SMEs. With this aim, we are presenting a detailed analysis to
reveal valuable insights regarding the COPD workers’ health
nexus. This study also attempts to explore the determinants
of COPD in SMEs. Unlike prevalent precedencies, Probit, logit
models, and state-of-the-art econometric approaches are used for
region-wise predictive and non-linear analysis.

The marginal estimates infer that a rise in COPD concerning
wages will uplift the worker health problems due to COPD
affecting worker health. Whereas, the working condition and
tools, smoking years, and health safety training have a statistically
adverse effect on workers’ health concerning wages. However,
SMEs have limited resources, are more financially pressured, and
have few work-related safety and health programs than their
large enterprises.

POLICY IMPLICATIONS

The outcomes of this study can be helpful to devise policies
related to labor laws and social welfare. The Chinese SME
workers’ health can be improved by providing better working
conditions and tools and health safety training. Incremental
taxation on smoking can also be helpful to improve workers’
health. The results of this study will help to develop labor
laws and social welfare policies. Through better working
conditions and instruments and health protection training,
Chinese small- and medium-sized businesses’ health can be
improved. Increased smoking taxes will also help improve the
health of employees.
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In 2020, President Xi Jinping put forward a constructing cycle that has been given

priority in this study. This particular cycle, when considered within the inner loop and

outer loop, promotes the guiding ideology of the new development pattern of the binary

economy that exists in recent times. Therefore, to gauge the extent of the promotion

of domestic production and consumption, from the perspectives of medical expenses,

this study refers to the bootstrap rolling window causality method, which considers the

evidence-based medical spending on the consumption Granger causality. The results

show that the Granger causality exists between medical expenditure and consumption

expenditure at different time interval endpoints. In contrast, however, the variable of

consumption does not produce Granger causality between medical expenditure and

consumption. In this regard, a series of measures, such as increasing medical insurance

expenditure, improvement of the medical insurance system, reduction of the housing

price rise, and increasing government investment have been proposed to promote the

development of the domestic circular economy.

Keywords: China, consumption, bootstrap rolling window causality, insurance, health

INTRODUCTION

Since the 1990s, China has gradually integrated itself into the global value chain system by accepting
industrial transfers from the United States, Japan, the Republic of Korea, and some developed
countries in Europe. China has made productive and effective use of the global supply chains
and marketing networks of multinational companies to develop itself into a major open economy
(1, 2). The export-oriented economic model based on contract manufacturing and processing trade
and the economic model dominated by foreign investment have become the main accelerating
factors in the development of open economy feature in China (3, 4). In this regard, various
“zones” have also been identified, which can effectively act as carriers. These include, for instance,
high-tech development zones, economic development zones, export processing zones, and bonded
zones, among others. However, with the rising cost of domestic production factors, the traditional
development path is not as sustainable as it seems. To some extent, the export-oriented model,
which is largely dominated by foreign-funded enterprises, affects the growth of domestic enterprises
and hence the cultivation of the domestic market (5, 6). These factors lead to a slowdown in the
development of the economy of China.
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This bottleneck of the development of the open economy and
the change of the external development environment requires
China to gradually reduce its dependence on the global supply
chain and the marketing networks of multinational corporations
(7). On the other hand, it thus needs to divert itself to promote the
diversification of the upstream and intermediate products supply,
as well as the terminal consumption market, to build a more
independent and controllable global industrial chain system.
It is noteworthy that China has a complete industrial system,
complete infrastructure, and a distinct development gradient
among the eastern, central, and western regions that surround it.
Thus, promoting and expanding domestic circulation will help
strengthen their domestic supporting capacity as well. This is
especially true in the context of the current outbreak of the new
champions league, which has severely impacted the background
of the global industrial chain and supply chain, which relies
heavily on domestic circulation. This thus enhances the level of
the industrial and the supply chain, which depends on the mass-
market potential. It is critical to promote the high quality of the
open economy development of China; as a result, the key lies
in the internal circulation of Chinese economy, which must be
supplemented by the full use of the international market.

Scholars commonly agree that the primary goal of internal
circulation research is to encourage product creation and sales in
the domestic market. In this regard, a sound medical insurance
scheme will usually cover the treatment of the diseases of the
consumers, thus facilitating the social consumption and retail
of goods. It is noteworthy that foreign scholars first studied
the impact of demand on economic development. Following
the same trend, researchers such as Chenery and Syrquin
(8) focused on the contribution of consumer demand toward
economic growth and believed that economic growth could
not be separated from the expansion of demand and structural
transformation. While Colm et al. (9) believed that demand
can influence economic growth by influencing the supply.
Furthermore, in their study, Chenery (10) and Garegnani (11)
demonstrated that demand scale and structural changes are the
main characteristics of economic development in developing
countries. According to the prospect theory proposed by
Kahneman and Tversky (12), consumption is likely to produce
a positive ratchet effect by improving supply and demand and
their mutual promotion. In another instance, Hesketh et al. (13)
also noted that a sound system of health insurance can affect the
economic development level and consumption, given that further
research is conducted in the area. In addition to this, Blinder-
Oaxaca also used the classical wage differential decomposition
method to demonstrate the impact of health insurance on the
economy. In another instance, researchers such as Fairlie (14)
and Bauer and Sinning (15) further, extended this method to the
non-linear regression model to demonstrate the impact of health
insurance on the economy. Moreover, research conducted by
Dizioli and Pinheiro (16) showed that the rural medical insurance
system can significantly increase the agricultural labor hours of
rural residents and, at the same time, improve the labor supply
and supply efficiency of the rural residents (17).

According to the research of Forder (18), medical insurance
can significantly reduce the economic burden of patients and

relieve the economic pressure as well. Also, Hughes et al. (19),
through the study of Chicago Medical Insurance Medium- and
Long-Term Home Care Program, demonstrated a significant
reduction in family expenses. While Forder (18) tested the
substitution effect of long-term care on the hospitalization
behavior of the elderly in the UK and found that, for every extra
pound of nursing, hospital expenses decreased by 0.35 pounds.
Goda (20) also found that the insurance security system can
reduce family expenses. In another instance, Kim and Lim (21)
studied the medical insurance system in South Korea and found
that medical insurance subsidies significantly reduced the cost of
treatment for individuals with severe disability, which especially
entailed the cost of hospitalization. Moreover, Gaughan et al.
(17) found that, after the purchase of medical insurance,
the number of patients pressing for hospital beds decreased,
alleviating the phenomenon of delayed hospitalization. Other
than that, Costa-Font et al. (22) deduced data from Spain and
found that, after the introduction of public subsidies for long-
term care insurance, hospitalization rates and the length of
stay had significantly reduced, effectively saving the treatment
consumption expenditure.

If looked in depth, scholars from a different angle of the
qualitative analysis that is based on the economic growth of
medical treatment insurance, especially the domestic product
purchase and consumption of in-depth studies, can be found.
A few evidence-based medical insurances of the scholars for
the promotion of the domestic economic cycle also provide the
research angle of view for this article, which makes for a limited
level of contribution margin as well.

DATA AND METHODOLOGY

Data Selection
To illustrate their shared power relationship, the medical and
health care market price index (the same month last year =

100) and the overall retail sales of social consumer products have
been used in this study. From the realm of medical insurance
research that is mainly concentrated in the social consumer goods
purchase, this study selects themonthly data from the time period
between January 2010 and January 2021. Moreover, the method
of collecting data has been the drawing boots rolling causality,
the dynamic test of medical insurance transfer of China in the
whole sample, and the subsequent structural changes during the
different subsamples that have been taken under consideration.
The results are then explained further in the study.

Research Methods
The testing method that has been resorted to in this study is
based on the Granger causality test, and Zhiweisu uses the rolling
window mode to test the causality of the samples. The time series
tested by the Granger causality test hypothesis is also stable in
nature. However, when and if the premise of this hypothesis is
not established, the statistics of the full-sample causality test will
no longer obey the standard asymptotic distribution, and the
estimation of the Vector autoregression (VAR) model will also
cause potential difficulties. In this study, the relationship between
the medical insurance expenditure and the internal circulation
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of goods has been tested using the Residual-Based Bootstrap
corrected LR statistics method. The retail price index for the
medical and wellness products is represented by MED, and the
overall retail sales of social consumer goods, through consumer
goods in domestic trade are represented by CON.

The following equation shows the generation of the VAR (p)
model, which will be used in this study to explain the causality
test of the LR statistics, based on the RB correction.

Yt = φ0 + φ1yt−1 + . . . φpyt−p + εt , t = 1, 2, . . . ,T (1)

In this study, the white noise matrix is denoted by εt= (ε1t, ε2t)′,
with a zero mean and zero covariance. Moreover, the subscript P
represents the optimal lag period, as determined by the Schwartz
Information Criteria (SIC). Also, with Variable Yt= (medt, cont),
Equation (1) is expressed as:

[

medt
cont

]

=

[

ϕ10

ϕ20

]

+

[

ϕ11 (L) ϕ12 (L)
ϕ21 (L) ϕ22 (L)

] [

medt
cont

]

+

[

ε1t
ε2t

]

(2)

Moving on, Medt represents the medical insurance expenditure,
while the consumption expenditure is given by cont, ϕij(L) =
∑p+1

k=1
ϕij, kL

k, i, j = 1, 2 hysteresis operator is abbreviated by L,

LkXt = Xt−k.
In this study, we let ϕ12, k = 0 (k = 1, 2, 3, . . . , p), to be

the null hypothesis that proposes that consumption is not the
Granger cause of medical expenditure and can be tested. Moving
on, we let ϕ21, k = 0 (k = 1, 2, 3, . . . , p), Granger causality
as the null hypothesis that proposes that medical expenditure
is not a part of consumption, and thus, this can be tested.
Furthermore, the full sample causality has been tested by the
probability value p of RB and the modified LR statistics. The null
hypothesis, ϕ12, k= 0 (k = 1, 2, 3, . . . , p) has thus been rejected,
proving that consumption has a significant causal relationship
with medical care. This primarily indicates that consumers can
effectively explain changes in medical expenditure. Moreover, if
ϕ21, k= 0 (k = 1, 2, 3, . . . , p), is rejected, it proves that medical
treatment has a significant causal relationship with consumption.
This essentially indicates that medical treatment can effectively
explain consumption changes.

In the time series causality test, the full-sample causality tends
to show changes at the time cutoff point. For this reason, the Sup-
F, Exp-F, and Mean-F variables have been used in this study to
test the parameter stability of the model. According to the LR
statistical sequence, the stability of the parameter tends to change
abruptly at unknown time nodes. For this purpose, the Monte
Carlo simulation has been carried out on the whole sample of the
parameter VARmodel to calculate the mean value and to form an
asymptotic distribution.

For virtual variables and the sample separation prior to the
deviation, the structural change inspection technology in this
study, which is based on the revised dial boots, is estimated using
the sample points causality test rolling window. This would have
divided the whole, complete samples into smaller causality test
samples. While the small sample from the whole samples in the
time series (T), set samples of length L, each subsample end π

= L, and L +1... T, which would construct the T-1 subsamples.

By modifying the LR causality test with RB, the empirical results
of the causality test can therefore be obtained in all the considered
samples. Thus, the following equation describes the effect of
consumption on the price of health care:

I(1) = N−1
b

p
∑

k−1

ϕ×
12, k

(3)

where Nb denotes the number of plucking repeats, and ϕ×
12, k

is
the estimation of plucking in the VAR model. Equations (2, 3)
thus, analyze the impact of medical treatment on consumption
where the function ϕ×

12, k
is the estimation of boots in the

VAR model.

I(2) = N−1
b

p
∑

k−1

ϕ×
21, k

(4)

According to the estimation of the boot repetition, each
incremental interval in the regression tends to have an impact
on the accuracy of the empirical results. Therefore, smaller
increment intervals have the capability of improving the
inspection accuracy of the rolling window and simultaneously
ensuring the exact number of observations of the VAR model.

RESULTS

Full Sample Causality Test
In this study, the unit root test was carried out first. In this
regard, results of the NG test and the ADF test showed that the
null hypothesis was rejected at a 99% confidence level, and both
of them were zero-order single integral sequences. Therefore,
keeping this in check, the Granger causality test for the full
sample of the boot pulling could thus be carried out, with details
shown in Table 1.

As shown in Table 1, the consumption does not affect
the medical statistics, and the p-value results accept the null
hypothesis that proposes that consumption does not have a causal
relationship with medical treatment. Thus, the results do not
appear to have Granger causality. The traditional testing method
assumes that there is no structural change observed and that the
causal relationship changes due to the time change in the actual
sequence. This has been concluded by considering that only a
single causal relationship will lead to deviation from reality.

Stability Test
In this study, three statistics, Exp-F,Mean-F, and Sup-F, were used
to test the changes in the consumption and medical expenditure
in the abovementioned models. Moreover, the LC was used to
test the stability of the parameters in the VAR. The results for this
have been displayed in Table 2.

As shown in the table, according to the parameters of the
stability test, it was shown that, under a 90% confidence level
to accept the null hypothesis, the results of the inspection of
structural change of the whole sample analysis cannot describe
the medical expenditure and consumer spending in the complete
time series precision Granger causality of the whole sample.
Moreover, the VAR model to estimate parameters in the table is
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TABLE 1 | Granger causality test for the whole sample of boots.

Null hypothesis Health care does not affect consumption Consumption does not affect health care

Statistic P-value Statistic P-value

Test result 25.0741 0.0000 0.3947 0.55

TABLE 2 | Stability test.

Medical insurance expenditure equation parameter Consumption expenditure equation parameter VAR system parameter

The statistical value P-value The statistical value P-value The statistical value P-value

Sup-F 6.771 0.001 71.652 0.004 21.118 0.000

Mxp-F 4.323 0.000 5.741 0.021 16.652 0.000

Exp-F 3.784 0.003 42.489 0.038 19.852 0.000

LC test 2.562 0.005 0.560 0.102 4.564 0.000

not stable, which is necessary for the sample points and Granger
causality test.

Sample Causality Test of Boot Rolling
According to the parameters stability test results, medical care
and consumption tend to influence the structural changes in the
actual situation, and the Granger causality between them cannot
be described when the full sample is selected from January 2010
to January 2020. To accurately obtain the causal relationship
between the two, this study resorted to the use of the boot-pulling
rolling causal relationship to test the causal relationship between
January 2010 and January 2020, as shown in Figures 1, 2.

As shown in Figures 1, 2, the test results show that the range
of P-value <0.1 indicates the rejection of the null hypothesis
that proposes that there is no single causal relationship between
the two, indicating that medical expenditure thus has a causal
relationship with consumption. Moreover, there was a Granger
causality relationship between the medical expenditure and
consumption expenditure from July 2014 to January 2015,
January 2016 to December 2016, and January 2019 to December
2019. There is, however, no Granger causality observed between
the consumer expenditure and medical expenditure from
January 2010 to December 2019. Also, there is no Granger
causality between the consumption expenditure and the medical
expenditure in both the full sample and the boot-rolling
subsample that have been taken into consideration.

To test the positive and negative influences of medical
expenditure on consumption expenditure, this study thus
continues to put the boot-pulling rolling estimation to test.
The result of this test had been displayed in Figure 3. It can
be observed that the zero lines have been taken as the critical
line. When the coefficient is above the zero lines, it indicates
that medical expenditure positively impacts the consumption
expenditure. Moreover, when the coefficient is below the zero
lines, it indicates that the medical expenditure has a negative
impact on consumption expenditure. As observed, in the case
of this particular study, the coefficient was below the threshold
from October 2015 to January 2018, indicating that medical

expenditure thus had a negative impact on the consumption
expenditure, while the rest of the time period that was taken into
consideration left a positive impact.

DISCUSSION

Empirical Analysis
The abovementioned experimental results show that the Granger
causality between medical expenditure and consumption
expenditure does exist. In 2012, China held the 18th National
Congress of the Communist Party of China. This was undertaken
unswervingly along the path of socialism with Chinese
characteristics, to build a well-off society in an all-round way, to
put forward the integration of basic endowment insurance and
the medical insurance system of the urban and rural residents.
This initiative was undertaken to promote medical security,
to perfect the system of universal health care, and to establish
a guaranteed mechanism toward curing and managing acute
diseases. From the perspective of the variable pertaining to the
income range, this policy significantly improves the utilization
level of the medical services as well. This study has speculated
that the primary reason for this result could potentially be that
the implementation of medical insurance for urban and rural
residents in China has brought about significant changes in the
actual compensation rate, especially for the urban residents who
have benefited significantly. However, urbanization of China
was still not high at that time, and the urban-rural duality was
considered to be a serious issue, which hindered the benefits
obtained from medical insurance. This was likely to be the policy
implication from the Obama government. However, since the
time that Donald Trump took the office, there was an increase
in the tariffs on Chinese trade that was being undertaken with
the United States. Moreover, there was also a hi-tech blockade
policy to curb the economic development of China, due to which
the Chinese economy suffered serious impact in terms of their
export trade, the collapse of the export processing trade type
enterprise, and the negative effects on the enterprise workers.
Other than that, part of the unemployed workers also had
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FIGURE 1 | P-value diagram of the sample test for the causality of boot-rolling (medical expenditure - consumption expenditure).

FIGURE 2 | P-value diagram of the causality test of shoe rolling sample (consumer expenditure - medical expenditure).

no access to health care, which largely prevented consumer
spending in China.

To this end, the Chinese government is continuing to
promote the “area” strategy, which was launched in 2016,
and focuses on the integration of basic medical insurance
systems of the urban and rural residents. The Chinese
government has been putting forward the integration of basic
medical insurance of urban residents and the new rural
cooperative medical care system. They have mainly done
this by establishing the “Rural Revitalization Strategic Plan
(2018–2022)” and the “Establishment of a Central Adjustment
System for Enterprise Employees’ Basic Pension Insurance
Fund” strategies, which were introduced in 2018. These
effective policies and measures have significantly promoted
the development of medical undertakings, enabling people
to resume the act of consumption, especially after having
medical security, and have greatly promoted the consumption
expenditure as a result. In May 2020, the Chinese government

put forward the strategy of “building a new double-cycle
development pattern with internal circulation as the main
focus and mutual promotion at home and abroad.” The
internal circulation that was undertaken to drive economic
growth relies on the internal consumption of China to drive
economic development and growth. The empirical results
show that a sound medical insurance system can effectively
promote consumption expenditure, thus promoting an inner
circular economy.

CONCLUSION AND POLICY

SUGGESTIONS

In the year 2020, the Chinese government aimed to eradicate
poverty and achieve victory in the fight against poverty. At the
same time, at the end of 2020, according to the statistical bulletin
from the National Bureau of Statistics, China, the permanent
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FIGURE 3 | Estimated results of boot rolling (medical expenditure - consumer expenditure).

population urbanization rate of China was more than 60%,
while 40% of the population of China lived in rural areas. In
this regard, rural medical insurance and endowment insurance
are still a phenomenon that is missing in these areas and thus
hinder rural consumer spending, which is imperative to expand
the domestic economic cycle. For this to happen, China must
first eliminate the differences between urban and rural areas
and ensure the allocation of resources as a whole. Moreover,
the aim is to develop urban and rural areas in a coordinated
manner and implement a relevant strategy for rural revitalization.
It must be deeply recognized that medical insurance has a
positive distribution effect, “income effect,” and “crowding out
effect,” which has the capability of significantly reducing the
insured out-of-pocket expenses of people and also increasing the
consumption expenditure in other aspects of life.

In addition to this, to restrain the rise of housing prices, there
must be an expansion of the consumption capacity of residents,
which will lead to an increase in the internal circulation of
power. In recent years, the debt of the residential sector of China
has expanded rapidly, and the risk of residential debt has also
worsened, which is mainly reflected in two aspects. First, the
leverage ratio of the residential sector of China is at the highest
level among the other emerging market countries. According to
the data released by the Bank for International Settlements (BIS),
the leverage ratio of the household sector of China (the ratio
of household sector debt to GDP) was 55.2% in 2019. In this
regard, Dynan and Edelberg (23) (2007–2009) pointed out that
the high housing prices in recent years are the main reason why
some residents bear heavy mortgage pressure. Exorbitant prices
of crowding out from the consumer share and the increasing
housing prices increase the housing price to income ratio, weaken
the purchasing power of the resident, and hinder the potential
demand into actual purchasing power effectively. Moreover, to
realize the purchase, increasing housing prices suppress the
current consumption and savings, while the real estate spending

also increases in order to reduce other consumer goods, which
then produces the substitution effect and the crowding effect,
and increase the living costs of residents and the consumer
spending. Third, there is also a deepening of the supply-side
structural reforms as a strategic foundation for expanding the
internal cycle.

The integration of supply and demand tends to lay the
groundwork for high quality growth in China and then stimulate
demand on the demand side. This also expands and upgrades
consumption at the same time and builds the demand for
domestic industrial chain expansion of China and upgrade.
Through independent research and development, China will
reduce its dependence on developed countries, promote the
upscaling of its domestic industrial chain, and thus create the
relevant supply conditions for the upgradation of consumption.

Finally, to increase the good government consumption
spending, the internal cycle also needs to support the “two new
and one heavy” construction method. The government should
ideally increase the effective investment, focusing on supporting
the construction of new infrastructure, new urbanization, and
major projects related to the national economy and the livelihood
of people. Therefore, we should coordinate the efforts to adjust
the economic structure, promote industrial transformation and
upgradation initiatives, and enhance the core competitiveness of
the economy.

Policy Suggestions
New Infrastructure Drives New Consumption
Introduction to new infrastructure will promote and upgrade
the consumption levels, improve the consumption demand in
China at both the quantity and quality levels, and provide
an infrastructure system of digital transformation. It will also
aid in innovative upgradation, integrated innovation, and other
services and promote industrial upgrading as well. At present,
China has yet to make a structural breakthrough in replacing
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the old drivers of growth with the new ones and is generally
at the middle and low end of the global industrial chain. By
stimulating the building of new infrastructure and acting as
a catalyst for post-epidemic economic transition and social
change, the Chinese economy will be able to compensate for
inadequacies in the high-end industrial chain and improve its
global competitiveness.

New Urbanization Drives Economic Growth
In its natural essence, urbanization is also another form of
modernization. Urbanization, along with the new infrastructure,
is going to be a propelling force in the social and economic
development of China. In this context, the maintenance of a basic
driving force for the social and economic growth of China is
necessary, primarily by promoting high-quality development and
population accumulation and improving the economic structure
through urbanization. The initiative of new urbanization is likely
to promote the integrated development of the city clusters and
metropolitan areas. By making the cities more receptive and
inclusive of the population, China will be able to achieve better
school enrollment, employment, and medical care to promote
individual development and overall social development. This
new type of urbanization promotes the integration of people and
cities, providing a place for new infrastructure to be implemented
and creating more value.

Major Projects to Improve the Lives of People
Major projects such as transportation and water conservancy
are critical to ensure livelihood of people, stabilize expectations,
boost consumption, and break the development bottlenecks. In
this regard, the use of surplus resources at home and abroad
will strengthen major infrastructure construction and improve

transportation and water conservancy infrastructure. It will
also strengthen the material foundation for new infrastructure
construction and new urbanization, boost the development
of relevant industries, and create the potential for economic
and social development as well. By visibly improving the
medical expenditure, the promotion of domestic consumer
spending and the promotion of the concept of a recycling
economy, domestic consumption will have causality of medical
expenditure. Therefore, we should improve the system of medical
insurance, make people at ease when it comes to consumption,
rein in property prices, expand domestic demand, increase
government investment effectively, promote consumption, and
finally increase the internal circulation dynamics.
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The recent worldwide COVID-19 pandemic has highlighted the importance of a

performant public sector in terms of health. To achieve greater use and efficiency of health

information and communication technology (ICT), the whole community of European

states needs a model to develop a common strategy to support the implementation of

e-health and reduce decision-making difficulties. Our research suggests such a model,

starting from the level of adoption to the implementation of e-health and points out

the existing disparities in the European countries regarding the difficulties of adopting

e-health. We draw a composite index to assess the inequalities present in the quality

of life, the public health system, and the adoption of e-health. Furthermore, to return

to a hierarchy of European countries, the relative distance method (RDM) is applied

by combining various classification criteria. The results identify the European countries

with the highest levels of adoption (Denmark, Estonia, Spain, Sweden, Finland, and

the United Kingdom), where e-health is routine, and the countries with the lowest

levels of adoption (Greece, Lithuania, Luxembourg, Malta, Romania, and Slovakia),

where e-health is not widespread. These results reveal critical implications in identifying

solutions to reduce the gaps between countries, identifying public policies to support the

adoption of e-health, and reducing difficulties in decision-making.

Keywords: e-health adoption, relative distances method, composite index, digitalization, EU

INTRODUCTION

The government plays the primary role in ensuring the well-being of the people and also has the
responsibility to ensure the health of the people. On the other hand, ministries of health must
provide policies that contain the most effective and appropriate choice in creating and delivering
a high-performance health system. However, the society of today is categorized as a knowledge
society; hence, supremacy and authority no longer depend entirely and are no longer focused only
on government. Informed citizens, the organizations involved, agencies, and expert bodies have an
increasingly significant role to play in the society and whose opinions weigh heavily in decision-
making. The health system can only meet all our needs if there is a common goal of government
and society, for which there must be coherence between the decisions taken.
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In the present crisis time caused by the COVID-19 pandemic,
of fiscal and demographic crises, when economic growth is
uncertain, it becomes apparent not many nations will be shaped
by the health of their population. E-health plays a crucial role
in achieving a European community that is predefined by the
existence of a healthcare system characterized by the following
key terms: quality, increased safety, and high efficiency. Within
the e-health community, close communication is needed to form
and clarify a precise path leading to fulfilling the common vision
of the main actors: government, private industry leaders, and
academia (1).

Although e-health is proven to improve healthcare quality,
the adoption of e-health dimensions, such as electronic health
record (EHR), health information exchange (HIE), telemedicine,
and personal health record (PHR), is either low or unused in
European countries. This is partly due to factors that affect the
perceptions of citizens, the barriers and challenges that health
professionals face, and how professionals come to accept this new
system and then make it available to the infrastructure. Although
the components, such as EHR, HIE, telemedicine, and PHR are
the essential tools to improve the safety and quality of healthcare,
the medical field still faces some shortcomings due to high
costs and difficulties in their implementation, despite the clear
benefits that it can bring in the integration of information and
communication technology (ICT) in the health area. According
to Sapirie (2), there is a large gap between planning the adoption
of the new technology and in the sustainable implementation of
such technology to obtain future strategic or expected benefits.

Good health technology management is a prerequisite for
increasing the efficiency of health services. The need to do more
with less is essential, as the health sector faces increasing demands
while receiving static or declining resources.

The use of ICT in themedical field is of significant importance,
especially in the contemporary society, facing a health crisis,
the impact of the pandemic requiring transfer to the online
environment, and the use of ICT. Thus, ICT brings important
benefits in improving the quality and the delivery of medical
services, reducing costs, increasing revenues, increasing patient
safety, reducing waiting times, and creating greater patient
engagement during its care (3).

In the recent years, e-health has significantly expanded in
Europe. In our paper, we endorse the definition of e-health as the
use of ICT in health services, products and processes combined
and adapted to organizational changes in health systems, and new
concepts to improve the health of the citizens, and at the same
time, providing productivity in healthcare. Simultaneously, the
health system will benefit from improvement in the economic
area and its social value.

In the recent year, health has not only shaped the modern state
and its social institutions in Europe in, but it has also fueled social
movements, defined the rights of the citizens, and contributed to
building the modern self-concept and aspirations (4).

Once again, the worldwide crisis (COVID-19 pandemic)
generated an economic downturn and demographic change and
highlighted the importance of the health system of a country.
More precisely, the future of a country is related to the health
of its population, and nowadays, the rapid development of the
health system is crucial. The level of economic diversification

in countries is also important as it might reduce the lag in
the development of different sectors. As the health system
currently needs a strong support, investments are necessary and
a greater institutional quality might lead to an improvement
in the determinants of growth process, reducing the lag and
development differences across sectors (5).

Even though health is essential for the well-being of
individuals and for the progress of the society, political
discussions acknowledge it as the provision of health services.
Many countries, especially those with low incomes, do not yet
have an effective health system, while others face difficulties with
the basic mechanisms of e-health governance, such as ensuring
financial protection for users. Richer countries must also remain
vigilant and also address e-health inequalities. These concerns are
and will remain challenges to the public sector.

Result-oriented management and leadership and patient-
centered care processes are two of the concepts related to e-
health. Furthermore, the literature reveals that IT employment
in the health systems will produce revolutionary results (6).
Moreover, special attention is accorded to the IT impact on the
doctor–patient relationship. If health systems are seen as ways to
organize access to specialized knowledge, then it is essential to
have an access to knowledge and in organizing it (7).

In this case, e-health can provide enormous health benefits
and help in the management of health systems in the future.
However, the benefits offered are not automatic but require
governance on three issues: monetary cost, policy, and utility.

The general opinion is that the functions of an information
system at a national level are broad. Thus, at the European level,
the infrastructure, systems engineering tools, and associated
techniques for the design, regulation, and improvement of health
processes must expand and align with the 2004 “European e-
Health Action Plan” (8).

Popovic et al. (9) stated that the rapid advances in ICT and
the growing number of intelligent devices allow the transfer of
health and healthcare resources by electronic means. E-health
is linked to the Internet, which provides a new environment
for disseminating healthcare and interaction and collaboration
between institutions, health professionals, healthcare providers,
and the public. In developing countries, e-health is particularly
important due to shortage of doctors and nurses. Although
most doctors in developing countries recognize the benefits of
e-health, adoption is low.

Applications of e-health technology are essential tools that
enhance healthcare provision quality in hospitals in developed
and developing countries. Regardless of its benefits, the literature
reveals that e-health adoption in developing countries is still
reduced. Some of the reasons are due to barriers, such as
the resilience of health professionals, poor infrastructure, and
reduced technical expertise (10). It was found that performance
expectation, effort expectation, social influence, and personal
innovation significantly impacted the behavioral intention to use
e-health, while facilitation conditions did not have any significant
effect (11).

Murray et al. (12) explored the experiences from the
perspective of the implementers—senior managers and
other employees responsible for implementing e-health
initiatives—and evaluating factors that promote or inhibit the
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implementation, incorporation, and successful integration of
e-health initiatives.

More recently, Devlin et al. (13) considered normalization
process theory (NPT) to analyze data on the “Dallas” program
in the United Kingdom. The results identified five key challenges:
(i) the challenge of establishing and maintaining heterogeneous,
large multi-agency partnerships to provide new healthcare
models; (ii) resistance to barriers and continuous attention to
changes in external environments; (iii) the inherent tension
between innovative co-design and timely and scaled delivery; (iv)
the effects of branding and marketing problems in consumer
care environments; and (v) challenging interoperability and
information governance when proprietary business models
are dominant.

In 2004, the European Commission launched an initiative to
adopt the first e-Health Action Plan. Thus, Lang and Mertes
(14) analyzed the implementation of 12 e-health policies and
explained the variation in e-health tools (applications) among 24
EUMember States.

Melchiorre et al. (15) analyzed 24 European
countries based on the project, “ICARE4EU.” The study
highlights certain aspects, which are found to be benefits
(integration/management) or barriers (cost-effectiveness and
quality of care/life) for e-health adoption. Furthermore, the
findings are subsequently linked to the “10 es” in e-health:
“Efficiency, Enhancing, Evidence-based, Empowerment,
Encouragement, Education, Enabling, Extending, Ethics, and
Equity.” Thus, the results can represent new support objectives
for implementing e-health technologies in integrated care across
Europe. Peek et al. (16) found that the use of technologies by
the elderly was complex, dynamic, and personal. The results
indicate that periods of both stability and change occur naturally.
Moreover, the framework of Dynamics in Technology Use
by Seniors (DITUS), followed in the Netherlands, can help
understand the stability and instability of using technology
and the development and implementation of sustainable
technological solutions. Therefore, the results reveal that a core
of six correlated factors was closely related to the frequency
of technology use: emotional attachment, compatibility of
needs, cues to use, the competence of use, resource inputs, and
support. In addition, disruptive forces, such as social influences,
competition with alternative means, and changes in personal
needs, could induce changes by affecting these six factors.

Furthermore, the study conducted by Arena et al. (17)
empirically examined Italian public hospitals and used a
combined measure of innovation based on different e-health
solutions. The results show that women managers encourage
the implementation of innovative strategies and facilitate the
adoption of e-health. The results also show that gender similarity
increases the rivalry between the top management team and
the line managers, thus limiting the adoption of e-health
solutions. Johansson et al. (18) investigated the experience of
digital primary health system (DPHS) using written dialogues in
Sweden, highlighting that the examination of patient experiences
can support decision-making in expanding the digital healthcare.
The main results reveal that patients felt well-prepared and
experienced in various aspects; some patients would recommend
digital primary health care (DPHC) to others, and a notable

reason for satisfaction was available. However, patients expressed
some uncertainty about the ability of a doctor to assess the
correct care needs. The results of the authors can be a knowledge
base that will be useful for other areas and for countries
that encourage implementing digital health services in primary
healthcare systems.

Hantrais et al. (19) conducted a study through which they
gathered evidence from different areas about the impact of
COVID-19 in digital societies and identified policy responses
in this context. The authors showed how the pandemic
produced changes not only in data collection techniques
and in the practices of disseminating official statistics, but
also in the way in which the seemingly insurmountable
obstacles to the implementation of health treatments managed
to be largely overcome. The results obtained by the authors
confirm that the ethics of emotional intelligence has become a
significant concern for government legislation at the national and
international levels.

Our study makes three contributions. First, it identifies the
levers that could create the momentum for change in e-health
adoption, setting out the preconditions and benefits for different
groups of countries. Secondly, the inequalities present in the
quality of life and the public health system, respectively, in
the level of e-health adoption are assessed in a multicriteria
manner, finally implying a hierarchy of countries. Third, this
research also takes into account, the distinction of different
research topics, which reveals that no significant progress has
beenmade in the recent years. Finally, in the context of continued
digitalization, this research concludes and affirms the need for
public policies, structural and decision-making reforms, and
joint action plans through which EU countries can reach a
significant threshold on all matters, which essentially means
adopting e-health. European Union countries need to consider
common approaches in all aspects involved in the adoption and
implementation of e-health, as evidenced by the uniform and
interoperable approach to vaccination or to the development of
effective applications for monitoring and warning of COVID-
19 infection.

The rest of the paper is structured as follows: sectionMaterials
and Methods depicts the data and methodologies used in
this paper, section Results reveals the obtained results, section
Discussion discusses and presents robustness and empirical
analysis, and section Conclusion provides the conclusion.

MATERIALS AND METHODS

Considering that public health is a prerequisite for continuous
development, the need for sustainable improvement and
constant investment in e-health adoption is stated, which would
lead to a sustainable increase in the quality of life and in the
efficiency of the public health system.

Thus, a wide range of methodologies have been applied, which
are as follows:

• Statistical analysis focusing on disparities in individual health
(measured by the quality of life), EU28. Statistical analysis
by cluster technique uses KNIME software and the K-means
clustering algorithm.
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• Statistical analysis focused on disparities in the quality of the
public health system, EU28;

• Statistical analysis focused on disparities in e-health adoption,
based on the ranking of the country, EU28;

• Correlation econometric analysis— finding the intensity of
possible links between e-health adoption level and country
rank (depending on the public health system and quality
of life)—the analysis used to identify a common policy
orientation to be applied to all Member States of EU,
which envisages the implementation of the information and
communication technologies (ICT) on health, to increase the
quality of life, the public health system, and significantly
reduces the existing disparities among the EU Member States;

• Level of implementation and use of compound indices, such
as EHR, HIE, telemedicine, and PHR—finding the level at
which each country is and also highlight the subdimensions
and functionalities that are already used or in use, in order to
draw the defining lines which can lead to the adoption at a
more significant level of these functionalities, respectively of
the others.

To capture particularities, many variables were taken into
account, made use of the relative distances method to combine
different criteria, and to obtain the hierarchy.

We followed the methodology used by the report of the
European Commission (20, 21) and the study by Lobont et al.
(8), namely the calculation of composite indices. We used PCR to
compute our indices, considering that this methodology allows
us to transform our more extensive set of variables (some of
them correlated) into an uncorrelated smaller set of variables
that captures most of the variations from the original set. The
RDM allows us to classify and rank countries, indicating the
countries that managed to implement and successfully apply
the specific e-health functionalities. This ranking analysis also
allowed us to focus on disparities in the quality of the public
health system and disparities in e-health adoption. In addition
to other studies which only employed the RDM method [e.g.,
(22, 23)], we also included a regression analysis to emphasize
the factors which mostly influence the quality of life (or a proxy
for individual health), and on the efficiency of the public health
system. Employing the KNIME software is also an advantage
compared to previous studies (even to the latest, similar research
undertaken by 8), allowing us to perform a cluster analysis which
defined the groups based on the similarities observed among
the countries.

The relative distance method helps in the transformation of
the initial value into relative distance compared to the most
performing value related to each criterion (24, 25). In this
section, the RDM allows the observation of the relative distance
of each country and that of the country with the highest level
at the European level. The relative distance between the best-
performing country [according to criterion (j)] and the rest of
the countries is measured by the following ratio:

Xij

Xmaxj

Moreover, the relative distances of each classification criterion (j)
are calculated. At the same time, as a simple geometric mean of

the previous results, the average of the relative distances of each
country [for all criteria (j)] is calculated:

Di = m

√

√

√

√

m
∏

j=1

Xij

Xmaxj
(1)

where, m= the number of criteria used.
Therefore, the country (i) can be classified according to the

decreasing average relative distance (Di).
Only through a common basis, we can compare disparities in

a country with those in other countries. In order to satisfy the
method of relative distances, the average value at the European
level will replace the performance recorded by the best country
for criterion, j (Xmax j); therefore, the following formula for
multi-criteria, provides the result for j, which is the average
distance for each country:

Di = m

√

√

√

√

m
∏

j=1

Xij

Xj
(2)

The approach taken is the way to reach a firm and the fixed
place of each country compared to the European average, making
possible comparisons at different levels (both at the European
and national levels). For measuring the disparities, economic
criteria are employed, which include synthetic indicators that we
consider relevant to our analysis and comparable in space. Based
on the objectives of this paper and the available databases, only
the criteria were selected to reflect the individual health and the
quality of the public health system. Also, Jeremic et al. (22) and
Seke et al. (23) selected and used some of these indicators in their
analysis. The data comes from the European Union databases,
such as the WHO, Eurostat, the World Bank (WB), and Statista.
To perform the classification of the quality of life (the individual
health) in the European countries, we made use of the Physical
Quality of Life Index (PQLI) (data source: Eurostat and WB; see
Supplementary Table 1).

Considering the quality of the public health system and to
classify the European countries, we use the Public Health criteria
(data source: Eurostat, European Commission, and Statista; see
Supplementary Table 2).

Regarding the adoption of e-health, Lupiáñez-Villanueva et al.
(21) conducted a survey funded by the European Commission, a
survey of general practitioners (GPs) from 31 countries (EU28+
Iceland, Norway, and Turkey) to measure and explain the levels
of availability and the use (adoption) of e-health applications
and services. A random sample of 9.196 family physicians
was interviewed, and data were processed using sophisticated
multivariate statistical techniques. The survey was conducted
between January 2018 and June 2018. In the 28 EU countries
analyzed, a final sample of 5,793 GPs was randomly selected, with
an overall sampling error of± 1.30%. Univariate andmultivariate
statistical analyzes were performed to analyze the survey data.
Each composite indicator consists of two to five subdimensions,
which group the functionalities into broader categories. The
grouping of functionalities into subdimensions followed the same
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approach used in the 2013 study by “Benchmarking Deployment
of e-Health among General Practitioners” (20).

The EHR criteria is the system used by healthcare
professionals (both physicians and nurses) to enter, store,
view, and manage patient health and manage information and
data (Supplementary Table 3).

The HIE is the process that includes the electronic
transfer/sharing/allowing access to information and data on
patient health (see Supplementary Table 4).

Telemedicine—TeleHealth—represents the use of
technological platforms based on the broadband for the
distribution of distant services, medical training, and health
education (Supplementary Table 5).

Personal health record (PHR) reflects an electronic
system that allows patients to have secure access and
proper management of personal health information
(Supplementary Table 6).

The analysis carried out in the report of the European
Commission also includes the classification of EU Member
States, based on the calculation of the composite index for
each dimension and the global e-health adoption index for each
European country using the Factor Analysis (FA) method. In
our study, we considered comparing the global e-health adoption
index developed using FA with the composite index that we
constructed using the RDM. The coefficient of determination,
R2 on the correlation analysis of the two composite indices
reveals that the indices are practically interchangeable (a value
of 0.9767).

The first part of the study proposes the classification of
European countries according to the quality of life. Besides, many
indicators have been taken into account to create the composite
index of healthy living quality (Di), but only those such as
life expectancy at birth, and healthy life years of women and
healthy life years of men provide a different image in terms
of the best performance of the indicators. Therefore, of all the
indicators taken into account, the highest possible values indicate

the best performance of the analyzed indicator of the country.
The results obtained are presented in the section 3 and were used
to classify the European countries according to the quality of life.
The relationship applied to calculate the average of the relative
distances is as follows:

Di = 7

√

Xisvn

X̄isvn
*
Xifvs

X̄ifvs
*
Xibvs

X̄ibvs
*
X̄ibps

Xibps
*
X̄iamns

Xiamns
*
X̄imir

Ximir
*
X̄irm

Xirm
(3)

where, Di= composite index of disparities (multicriteria distance
compared to the EU28 average for the country “i”);

Xi svn, Xifvs, Xi bvs, Xi bps, Xi amns, Xi mir, and Xi rm =

the value corresponding to each country “i” for life expectancy
at birth, healthy life years of women, healthy life years of men,
people with long-term illness or health problems, unsatisfactory
healthcare, and infant mortality

Xi svn, Xi fvs, Xi bvs, Xi bps, Xi amns, Xi mir, and Xi rm =

European average value life expectancy at birth, healthy life years
of women healthy life years of men, people with long-term illness
or health problems, unsatisfactory health care, infant mortality
rate in the country, and mortality rate per month.

RESULTS

A starting point in the econometrical analysis regards the values
of disparities (both average and individual), and the fact that they
can reflect two situations: a favorable one (when the values are
above 1) and an unfavorable one (when the values are below 1).
After the actual achievement of the composite index of disparities
among individual health, the resulting values formed the basis for
the order of the EUMember States. Figure 1 presents the ranking
of the EU Member States according to the values obtained.

Figure 1 highlights the ranking of countries in terms of
individual health. Thus, countries such as Cyprus, Malta, and
the Netherlands are among the countries considered to be the

FIGURE 1 | Ranking of the EU countries based on the composite index of disparities of individual health.
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“healthiest” as a result of initiatives taken to provide relevant
information to support policy makers and analysts in the
development of health systems, including implementation of
healthcare reform programs.

Moreover, at the end of the ranking, Greece and Estonia
record the lowest values among the countries analyzed. In
the case of Greece, the values recorded are due to an aging
population, which leads to an increase in long-term health care
needs, while there are fewer working-age people to meet these
needs. Therefore, the creation of an efficient network of primary
care services is one of the most urgent priorities in Greece,
in order to be able to respond effectively to the needs of the
population. In Estonia, these values are justified by unmet health
needs, which are among the highest in the EU, affecting people
of all income groups. Other EU countries can provide a source of
inspiration for strengthening primary care, but there is probably
an issue called “no one fits everyone,” and different models of
primary care are likely to coexist and continue to evolve for
each country.

The study also aims to regress the composite index of
individual health, as a dependent variable, concerning the criteria
of the quality of life, as an independent variable. In this sense,
from the results obtained from the construction of regression
function (linear model), the most significant criteria, such as
life expectancy at birth (svn), unsatisfactory care (amns), infant
mortality rate (mir), and mortality rate (rm) were selected based
on the regression coefficients presented in Table 1.

The resulting coefficients indicate that the most significant
variable in determining the quality of life is rm, followed amns,
mir, and svn. According to the analyzed statistics, countries such
as Cyprus, Malta, and the Netherlands have values reported as the
lowest in terms of unsatisfactory healthcare, with a percentage
of <0.05% in both the total population and mortality rate.
Simultaneously, the recording of such values may be due to the
success of the primary care reforms proposed by these countries,
a success that probably depended on financial resources, support
for innovative ways of efficient service delivery, and effective
coordination of different primary care units.

On the other side of the ranking are the countries, such as
Greece and Estonia with the highest values related to the variable
mortality rate. The decrease in mortality can be mainly attributed
to the reduction of important risk factors, such as smoking,
especially in men, and to the improvement of the quality
of healthcare. Another significant variable is unsatisfactory
healthcare, with 9.10% (Greece) and 7.30% (Estonia). In Estonia,

high levels of unmet needs can be caused by waiting times for
specialist outpatient care, day surgery, and inpatient care. Greeks
have difficulty in accessing doctors or a health center not only
due to the cost and in the distance to the office of the doctor and
waiting for ameeting, but also due to the consultation of a doctor.

Next, through the statistical technique of cluster analysis, it
was possible to group and intuitively visualize the discrepancies
among European countries. Cluster analysis aims to group the
observations to reduce the distance between the observations
within the group.

Thus, with the performance of the K-means algorithm, we
categorized the data set into k-distinct predefined subgroups
(clusters) which do not overlap, so that each data point belongs
to a single cluster. This analysis was made possible through
the analytical platform, KNIME, the software that offers the
possibility to create scientific data. Intuitively and openly, it
continuously integrates new developments. The KNIMEmakes it
possible to understand data by designing workflows and reusable
components accessible to all.

This model was implemented in the 28 countries considered
in this study and taking into account, the four variables that were
the most significant in the previous analysis (Table 1: rm, amns,
mir, and svn). Figure 2 presents the clusters obtained through
the KNIME analytical platform, using the K-means clustering
algorithm. The intuitive distance among countries and/or groups
formed is highlighted in the diagram, using a scale from 0 to
about 8.5.We can see that the relative distance among the clusters
is greater as we move toward the Dendrogram’s maximum
scale (upwards). Also, the significant distance among the groups
means a big difference between them.

Before moving on to the intuitive specification of the groups
formed through the dendrogram, we proposed another way of
establishing them, namely the design in the KNIME software with
a flow that effectively leads us through several elements selected
and connected to the grouping of countries depending on the
same data taken into account when creating the dendrogram
(Table 1: rm, amns, mir, and svn). Cluster analysis was applied to
define groups and to observe the similarity among the countries
within each group, to identify the similarities that characterize
the different countries and with which they can be grouped
in the same cluster. At the same time, Figure 3 depicts the
chosen elements, while Figure 4 depicts the results obtained after
their connection.

Each element has a decisive role in obtaining the final
result, and the K-means algorithm plays an essential role in

TABLE 1 | Coefficients of determination between the composite index of individual health and the variables of quality of life.

Independent: svn fvs bvs bps amns mir rm

Coefficients 0.049*** 0.007 0.014 0.001 −0.075*** −0.068* −0.639***

t-Stat (3.097) 0.840 1.558 0.208 −3.896 −1.852 −3.803

R-Square 0.2695 0.0264 0.0854 0.0016 0.3687 0.1166 0.3575

F-test 9.596*** 0.706 2.428 0.043 15.185*** 3.432* 14.467***

***, **, * - significant at 1%, 5%, respectively 10% level.
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FIGURE 2 | K-means clustering Dendrogram.

FIGURE 3 | KNIME elements.
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FIGURE 4 | Distributions of countries into groups.

our analysis. After connecting the elements, the interactive table
allowed us to view the distribution of countries and the related
groups (Figure 4).

The flow and the chosen elements lead the analysis toward
the intuitive formation of three clusters of countries, as presented
in Table 2.

The resulting groups are robust, with the countries that are
part of them having approximate values in terms of all recorded
values. After analyzing the resulting groups, we observed that
life expectancy at birth (years) takes between 74.78 and 78.07
years for group 0 (green), then, Group 1 (blue) records values
between 79.03 and 83 years, and for Group 2 (red), wemaintained
the interval of 78.24–81.79 years. Furthermore, unsatisfactory
healthcare registers the highest value in Group 2 (red), with
values of 7.3 and 9.1%, respectively. At the same time, the values
registered by the other groups are between 0.1 and 2.9% for
Group 1 (blue) and 0.1 and 2% for Group 0 (green), respectively.
Furthermore, for the three groups, the infant mortality rate is
identified as another variable. Group 0 (green) is the one in which
the country with the highestvalue of this criterion is observed
(Slovenia: 7.06 per 100,000 live births), and at the opposite pole is
Cyprus (1.58 per 100,000 of live births) which is part of Group
1 (blue). In the mortality rate (% per month) registered by all
groups (0, 1, and 2), the value of 1.56% per month, which is

TABLE 2 | Countries grouped by cluster.

Cluster 0 Cluster 1 Cluster 2

Bulgaria Austria Latvia Estonia

Czech Republic Belgium Malta Greece

Ireland Cyprus Poland

Lithuania Croatia Portugal

Luxemburg Denmark Slovakia

Romania Finland Sweden

Slovenia France Netherlands

Spain Germany Hungary

Italy United Kingdom

the maximum value was registered by Bulgaria (cluster 0-green)
and the minimum value of 0.62% per month, was registered
by Italy.

Given both the different priorities of each country on health
and the fact that geographical barriers no longer condition the
adoption of e-health in terms of technology, which are already
overcome in most European countries, we can proceed to the
second part of our analysis.
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The next step of the analysis concerns the application of
Formula (2) on the criteria that were chosen to assess the public
health system and that were taken into account, the calculation
of the composite index on the quality of the public health
system of European states. Thus, based on the identification of
the values of this indicator, European countries are classified as
shown in Figure 5.

Figure 5 highlights the countries considered to be the best
in terms of the quality of the public health system: Germany,
Finland, and Belgium. They gained this position due to the
involvement of the government in per capita health spending
than other EU countries, offering a wide range of benefits, a
high level of service delivery and reasonable access to care, and
legislation focusing on long-term care. Instead, we find countries,
such as Malta, Poland, and the Netherlands whose indicators
of health spending and resources are low due to the main
challenges of the health system, namely the long waiting time
for services, medical conditions, poor working conditions, and
low salaries for medical professionals. At the same time, limited
access to health-education, reduced funding for healthcare, and

the emigration of medical professionals, call into question, the
long-term sustainability and quality of the health system.

Considering the causes underlying the ranking of countries in
the top-ranking or at the end of it, we further propose a regression
analysis of the composite index of the public health system, as a
dependent variable, with the criteria of the public health system,
as an independent variable. In this sense, in our models that
contain variables related to the public health system, we find
the effects of the following criteria: current health expenditure
(ccs), health expenditure of the national public administration
(csapn), number of dentists (nd), and number of pharmacists
(nf), designated based on the R square regression coefficients
highlighted in Table 3.

The results presented in Table 3 indicate that the most
significant criterion is represented by nf, immediately followed
by number of hospital beds (nps) and by the criteria, ccs and
csapn. Based on the study conducted by Lobont et al. (8), in
which the results lead to the fact that the number of nurses has
a significant role, our study makes a new contribution in the
sense of introducing other variables and identifies new criteria,

FIGURE 5 | Ranking of the EU countries based on the composite index of disparities in the quality of the public health system.

TABLE 3 | Coefficients of determination between the composite index public health system and the variables of the quality of the public health system.

Independent: ccs csapn nps nd nf

Coefficients 0.027** 0.029** 0.0003*** 0.002 0.002***

t-Stat 2.07 2.07 2.72 1.96 3.07

R-Square 0.1420 0.1414 0.2217 0.1292 0.2670

F-test 4.30** 4.28** 7.40*** 3.85 9.47***

***, ** - significant at the level of 1 and 5% respectively.
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on which the quality of the public health system may depend,
such as the number of dentists and pharmacists.

We further explain the problems regarding the quality
of the public health system by exemplifying the first and
the last ranking countries. Thus, the Netherlands (21.00 per
100,000 inhabitants) faces low values regarding criteria, such
as the number of pharmacists or current health expenditure.
Simultaneously, despite stable funding and resources, rising
healthcare costs (especially long-term care), expensive new
technologies, emerging labor shortages, and waiting lists can
test the resilience of the health system. The government has
addressedmany of these issues through reforms and action plans.
In contrast, Finland (192.70 per 100,000 inhabitants) has the
most significant value in terms of the number of pharmacists
due to an appropriate balance between theoretical studies and
practical exercises.

Thus, starting from the basic idea that individual health is the
result of the quality of the public health system, introducing and
evaluating a classification system for the efficiency of the health
system will be compared with the composite indices of individual
health and the public health system. To carry out the proposed
analysis, the relationship between the relative distance from the
average related to individual health and the relative distance from
the average of a public health system of a person was created.

The leaders highlighted in Figure 6 are the Netherlands and
Cyprus, closely followed by countries, such as Malta and the
United Kingdom, which also have high public health indicators
(higher than 1.56). In opposition, we find Bulgaria, Estonia,
and Finland, which are at the end of the chart, holding the
lowest values in the efficiency indicator of the public health
system (<1.84).

The Netherlands records surprising values, being ranked in
the first position on analyzing the quality of life index and last
in the quality of the public health system. Contrary to these

statements, on analyzing some criteria, we can see that the
Netherlands has a very long life expectancy (83 years), even above
the European average (80 years), which is the highest among the
countries analyzed. Although the efficiency of the public health
system is high, the Netherlands continues its efforts to support
public health priorities and to increase the health promotion
and disease prevention activities, i.e., the promotion of healthy
lifestyles. At the same time, the position is justified by the
measures taken in this country to improve the accountability and
governance of the system and to identify the possible cost savings
in the health sector administration. Malta is the country with a
life expectancy of 82 years, very close to that of the Netherlands.

Moreover, healthcare assessed as unsatisfactory is deficient
(both the Netherlands andMalta-0.1%), where both the countries
have the lowest values, with a European average of 1.34%. Cyprus
also integrates very well into this context, with a life expectancy
of 80 years and an equally low reporting of unsatisfactory
healthcare (0.1%). Despite the low share of economic resources
devoted to healthcare and access problems for some groups of
the population considered vulnerable, Cyprus generally enjoy
good health than other high-income countries. Indeed, at the
base of the specified indicators are some causes that can be
considered specific: food, education, and lifestyle considered to
be among the healthiest, namely the Mediterranean style, specific
to these two countries (Cyprus and Malta). The results of our
study are also supported by Jeremic et al. (22), which listed
Cyprus as one of the countries with an efficient health system,
not only in terms of public spending but also in other external
factors, such as the adoption of a healthy Mediterranean diet and
a balanced diet.

Bulgaria, Finland, and Estonia are among the countries with
the most deficient public health systems, with the quality of life
index reflecting low values. The causes could be the significant
life expectancy rates (Bulgaria-74 years, Finland-81 years, and

FIGURE 6 | Ranking of the EU countries based on the efficiency of the public health system.
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Estonia-78 years) and the alarming mortality rate in Bulgaria-
1.56% (which is well above the 1.04% average). In terms of the
classification of the composite index of the public health system,
Finland and Bulgaria occupy important positions at the top of
the ranking, with Estonia somewhere in the middle (difference
made by health and government expenditures which are lower
than in the case of other countries). Although the health system
in Finland and Bulgaria is approximately efficient in terms of
several indicators, with a relatively high generic penetration
of the number of dentists, even pharmacists, and high use of
hospital beds, more indicators (expenditure on public health,
those of the public administration) suggest the existence of a
significant space that can be improved.

DISCUSSION

Our findings presented in section Results suggest that the
efficiency of a public health system can be improved by revising
the national health plan, which becomes less of a budgetary
instrument and more of a means of planning activities, defining
measurable objectives and empowering stakeholders.

In the following section, we discuss the evolution of the
composite index of e-health adoption in European countries to
observe the changes that took place in 2013–2018 (Table 4).

As pointed out in Table 4, the highest increase was found
for Spain, namely, the composite index score increased by 1,198
points, from 1,167 in 2013 to 2,365 in 2018. Five Member States
had comparable high increases of over 0.4 points: Estonia (an
increase of 0.652), Finland (an increase of 0.557 points), Sweden
(an increase of 0.512 points), Croatia (an increase of 0.496
points), and the United Kingdom (an increase of 0.446 points).
All five Member States with increase of more than 0.4 points
are either countries having National Health Service (NHS) or
countries in transition.

In contrast, the composite index scores of other Member
States increased by <0.2 points: Romania (an increase of 0.093
points), Austria (an increase of 0.146), Germany (an increase of
0.160 points), Luxembourg (an increase of 0.162 points), Malta
(an increase of 0.164 points), France (an increase of 0.178 points),
Hungary (an increase of 0.180 points), Greece (an increase of
0.180 points), and Slovenia (an increase of 0.188 points). Member
States with increases of <0.2 points are a mix of NHS, transition,
and social security countries. However, in general, we have

TABLE 4 | Changes in the e-health adoption index between 2013 and 2018.

Country Composite index e-health adoption 2013 Composite index e-health adoption 2018 Changes 2013–2018 (+)

Spain 1.167 2.365 1.198

Estonia 2.133 2.785 0.652

Finland 2.087 2.644 0.557

Sweden 2.010 2.522 0.512

Croatia 1.684 2.180 0.496

UK 2.071 2.517 0.446

Denmark 2.490 2.862 0.372

Lithuania 1.346 1.695 0.349

Latvia 1.497 1.826 0.329

Belgium 1.752 2.067 0.315

Poland 1.540 1.837 0.297

Portugal 1.844 2.118 0.274

Cyprus 1.674 1.934 0.260

Ireland 1.851 2.103 0.252

Slovakia 1.517 1.756 0.239

Bulgaria 1.582 1.809 0.227

Italy 1.972 2.185 0.213

CzechRepublic 1.857 2.063 0.206

Slovenia 1.810 1.998 0.188

Greece 1.605 1.785 0.180

Hungary 1.848 2.028 0.180

France 1.876 2.054 0.178

Malta 1.531 1.695 0.164

Luxembourg 1.614 1.776 0.162

Germany 1.781 1.941 0.160

Austria 1.768 1.914 0.146

Romania 1.695 1.788 0.093

Own processing after “Benchmarking deployment of e-health among general practitioners” (2013) and “Benchmarking deployment of e-health among general practitioners” (2018).
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seen higher increases among NHS and transition countries than
countries with social security.

As robustness of our research, we performed in the following,
a comparison between the composite indices for e-health
adoption, taken in the first phase from the calculation of the
European Commission [by the Factor Analysis (FA) method],
and those calculated by the formula (2) (by the relative distances-
RDM method), respectively based on the four dimensions that
were proposed by the Benchmarking Deployment of eHealth
among General Practitioners 2018—Final Report (21). Figure 7
shows the results obtained.

Figure 7 depicts, on the one hand, the countries characterized
by a high level of adoption (Denmark, Estonia, Spain, Sweden,
Finland, and the United Kingdom), taking into account that

e-health is considered routine. On the other hand, the countries
with the lowest adoption level (Greece, Lithuania, Luxembourg,
Malta, Romania, and Slovakia) suggest that e-health is not
widespread.

Furthermore, we revealed the analysis of all the dimensions
underlying the formation of the composite index of e-health
adoption. Thus, the composite e-health adoption index was
based on the four composite indicators described in the previous
sections (EHR, HIE, Telemedicine, and PHR).

Figure 8 illustrates the countries that reach a high level in 2018
in terms of the presence and use of e-health adoption dimensions
(Estonia, Denmark, UK, Ireland, and Spain), as well as countries
with a low level (Lithuania, Greece, Latvia, Malta, and Slovenia).
The composite index implies equal weights for each dimension.

FIGURE 7 | Comparison between the values of RDM and FA composite index.

FIGURE 8 | Ranking of the EU countries based on the levels of the composite indicators of e-health adoption.
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Therefore, it balances the high adoption of EHR and HIE with
the low adoption of telehealth and PHR.

Electronic health record is currently available in all EU
countries surveyed. In the majority of the countries, doctors use
decision support features (the United Kingdom, Italy, Denmark,
Estonia, Spain, Sweden, and Estonia) and administrative data
of patients (Luxembourg, Denmark, France, Ireland, and Czech
Republic). Adopting HIE is inferior to the adoption of the
EHR. The degree of exchange between clinical, administrative,
and management data is not yet very high in all the countries
analyzed. For example, we observed a significant increase in
patient data administration, namely the certification of sick leave
and the transfer of prescriptions to pharmacists. An evolution
of telehealth can be observed, but it is still characterized by
low availability and use in the analyzed countries. Furthermore,
training and education features are now available for half of
the analyzed countries. The adoption of personal PHR presents
a model similar to telehealth. The availability of functionalities
regarding the request for appointments and prescriptions
have increased, and the functionalities through which patients
can view medical records and test results. It can easily be
observed that there are some countries (Finland, Denmark, the
United Kingdom, Estonia, and Sweden) where these features are
more often available than in other countries (Slovenia, Ireland,
and Belgium).

CONCLUSION

According to our research objective, which aims to identify
disparities among the Member States at the European level in
e-health adoption, the results reveal the need for significant
support for the low level of adoption in countries, such as
Malta, Lithuania, Greece, and Latvia. They are also among the
countries with a lower quality of life (along with Bulgaria,
Finland, and Romania) and a poorly functioning public health
system (which can also be witnessed in countries, such as the
Netherlands, Poland, Cyprus, and Slovenia). On the other hand,
the adoption of e-health is successfully implemented in countries,
such as Denmark, Estonia, Spain, Sweden, and Finland, which
also have the best level of quality of life and public health system.
According to Lobont et al. (8), who conducted a research study
on the adoption of e-health, we can say that to a large extent,
our results confirm the research hypotheses and are similar to
those of this study. After a gap of 3 years, with updated data,
no significant changes are observed; therefore, it is essential
to adopt measures at the EU level, which should stimulate
as much as possible, the implementation of technology in the
field of health. Furthermore, the economic and health context
that the world faces nowadays highlights the use of ICT in
medicine and the importance of digitalization in this sector.
The health of the citizens is strongly connected with their level
of well-being, along with the performance of the governments
in each country.

In 2012, Jeremic et al. analyzed the effectiveness of the public
health system and classified the EU countries based on two
types of indicators, concerned with the public health systems,

and referring to general health. Our results are in contrast to
those of this study, in which Greece was ranked first among
the EU countries (followed by Belgium and Luxembourg, while
Romania, Poland, and Cyprus were at the bottom of the ranking),
as a country that invests the most in its health sector, providing
the best health services. In terms of the efficiency of health
system, the ranking established by Jeremic et al. (22) ranked
Cyprus as the most efficient (in our study, Cyprus was placed
the second), followed by Ireland, Poland, and Spain, while Latvia,
Bulgaria, and Estonia were at the bottom of the health system
efficiency ranking. Seke et al. (23) also rated EU countries based
on the available data in 2010, in terms of sustainable development
and public health. In their case, Norway, Iceland, and UK had a
score of approximately 64, Greece was placed sixth (with 61.3),
while Hungary, Romania, Lithuania, and Latvia ranked low, with
levels lower than 33. Overall, the results obtained in our analysis
indicate a significant change in the evolution and development of
the public health sector in EU countries.

Looking at the RDM analysis, the countries that directly
manage to implement and successfully apply specific e-health
functionalities, such as EHR, HIE, telemedicine, and PHR, are
Estonia, Denmark, the United Kingdom, Ireland, and Spain,
which can be considered to have the highest level of e-health
adoption in Europe. Simultaneously, limiting access to health
education, low funding for healthcare, and the emigration
of medical professionals call into question, the long-term
sustainability and quality of the health system in European
countries, like Lithuania, Greece, Latvia,Malta, and Slovenia. The
countries mentioned above present a low level of implementation
and the use of specific dimensions of e-health, such as HIE,
Telemedicine, and PHR, which leads to the classification of these
countries as the most underperforming countries in e-health
adoption. As an alternative to aid, other EU countries (Denmark,
Estonia, Finland, and the United Kingdom) can provide some
inspiration for the adoption and strengthening of e-health
adoption and in the successful implementation of specific
dimensions in the medical field (EHR, HIE, Telemedicine, and
PHR) in low-adoption countries (Lithuania, Greece, Latvia,
Malta, and Slovenia). However, an issue titled “no one fits
everyone” and different e-health models probably need to coexist
and evolve for each country.

Our result reveals several directions toward which the
governing mission of all Member States of the European Union
can be directed. The mission of the government mission must
be able to create joint visions, objectives, and strategies through
which EU Member States can align and reach an agreement.
In this case, the creation and existence of national plans must
consider the coordination of the Member States toward a
common approach that offers the possibility of recovering the
economy and digitalization of a country, especially the adoption
and implementation of e-health.

The national plans of all Member States must be designed so
that they can generate new directions for other states, together
creating a framework for the whole of the European Community
to follow. The national plan of each Member State must ensure
that the other Member States can follow it, essentially that
its national plan can generate future benefits for any Member
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State following it. The EU must provide strategic guidance so
that complementarity can be ensured and coordination of these
strategic plans is possible.

Another policy measure that is capable of increasing the
adoption of e-health is to identify vital national priorities in
terms of the health of the citizens. The main priority is to
match country specificities in terms of citizens (culture, people
education, aversion of people to ICT) with regard to the primary
needs of the health system in order to increase the use of e-
health dimensions (EHR, HIE, telehealth, and PHR), considering
that they have a different degree of adoption and use in the EU
Member States.

Taking into account not only the different and complex
medical needs of citizens, but also the emergence of crises, as
evidenced by the COVID-19 pandemic, each Member State
requires the existence of common public health objectives that
can regulate interoperability and e-health, more precisely
the creation of e-consultation, patient monitoring, and
remote care.

The policy measure also highlights the need for each
Member State to promote the future benefits and make patients
aware of the revolutionary role of technology in the medical
system, standardize medical services, and spread the importance
of implementing and using information systems, the pillars
underpinning e-health adoption.

Moreover, the adoption of e-health in the EU depends on
patients and professionals in the field, how to use it in patients,
and making distant medical services available to healthcare
professionals. As far as medical professionals are concerned, they
can be supported by the government by providing funding for
innovation, research, and development. New regulations can be
developed to increase the adoption of e-health while increasing
the level of opportunities and reducing the risks to which patients
may be exposed.

Thus, in the context of continued digitization, we affirm the
need for public policies, structural reforms, and joint action
plans through which EU countries, which alone can reach a

significant threshold for all that is essential for the adoption
of e-health. Therefore, EU countries need to create common
approaches, as evidenced by the uniform and interoperable
approach to vaccination, or to develop compelling applications
for monitoring and warning with regard to the infection by
COVID-19. We note that to help Europe deal with future
threats to public health, the EU has proposed a new enhanced
EU4 Health program, which will improve support for the
health systems of Member States. The EU4 Health aims to
contribute to post-COVID-19 recovery, focusing on improving
the resilience of health systems and promoting innovation in the
health sector.
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din Româniadupă 1990. Romanian Statistical Review, Vol. 9. (2012). Available

online at: http://www.revistadestatistica.ro/Articole/2012/RRS09_2012_a5_

ro.pdf.

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Luca, Mustea, Taran, Stefea and Vatavu. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Public Health | www.frontiersin.org 15 July 2021 | Volume 9 | Article 728287195

https://doi.org/10.1093/jamia/ocv097
https://doi.org/10.1089/tmj.2010.0174
https://doi.org/10.1371/journal.pone.0207292
https://doi.org/10.1186/s12877-019-1241-9
https://doi.org/10.1080/14719037.2020.1775280
https://doi.org/10.1177/2150132720910564
https://doi.org/10.1080/21582041.2020.1833234
http://ec.europa.eu/information_society/newsroom/cf/dae/document.cfm?doc_id=4897
http://ec.europa.eu/information_society/newsroom/cf/dae/document.cfm?doc_id=4897
https://op.europa.eu/en/publication-detail/-/publication/d1286ce7-5c05-11e9-9c52-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/d1286ce7-5c05-11e9-9c52-01aa75ed71a1/language-en
https://www.rand.org/randeurope/research/projects/benchmarking-ehealth-among-general-practitioners.html
https://www.rand.org/randeurope/research/projects/benchmarking-ehealth-among-general-practitioners.html
https://www.rand.org/randeurope/research/projects/benchmarking-ehealth-among-general-practitioners.html
https://doi.org/10.1186/1471-2458-13-77
http://www.utgjiu.ro/revista/ec/pdf/2011-03/5_AURELIAN_IONUT_CEAUSESCU.pdf
http://www.utgjiu.ro/revista/ec/pdf/2011-03/5_AURELIAN_IONUT_CEAUSESCU.pdf
http://www.revistadestatistica.ro/Articole/2012/RRS09_2012_a5_ro.pdf
http://www.revistadestatistica.ro/Articole/2012/RRS09_2012_a5_ro.pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


ORIGINAL RESEARCH
published: 21 July 2021

doi: 10.3389/fpubh.2021.723557

Frontiers in Public Health | www.frontiersin.org 1 July 2021 | Volume 9 | Article 723557

Edited by:

Mihajlo Jakovljevic,

Hosei University, Japan

Reviewed by:

Xin Li,

Shanghai Jiao Tong University, China

Deping Xiong,

Yunnan University of Finance and

Economics, China

*Correspondence:

Li-Peng Yao

lipengyo@hotmail.com

Specialty section:

This article was submitted to

Health Economics,

a section of the journal

Frontiers in Public Health

Received: 10 June 2021

Accepted: 17 June 2021

Published: 21 July 2021

Citation:

Hu G-G and Yao L-P (2021) Do

Human Capital Investment and

Technological Innovation Have a

Permanent Effect on Population

Health? An Asymmetric Analysis of

BRICS Economies.

Front. Public Health 9:723557.

doi: 10.3389/fpubh.2021.723557

Do Human Capital Investment and
Technological Innovation Have a
Permanent Effect on Population
Health? An Asymmetric Analysis of
BRICS Economies
Gang-Gao Hu 1 and Li-Peng Yao 2*

1 Business School of Ningbo University, Ningbo, China, 2Ningbo College of Health Sciences, Ningbo, China

This study examines the asymmetric impact of human capital investment, and

technological innovation on population health from the years spanning from 1991

to 2019, by using a panel of the BRICS countries. For this purpose, we have

employed the PMG panel NARDL approach, which captures the long-run and short-

run dynamics of the concerned variables. The empirical results show that human capital

investment and technological innovation indeed happen to exert asymmetric effects on

the dynamics of health in BRICS countries. Findings also reveal that increased human

capital investment and technological innovation have positive effects on health, while the

deceased human capital investment and technological innovation tend to have negative

effects on population health in the long run. Based on these revelations, some policy

recommendations have been proposed for BRICS economies.

Keywords: BRICS, human capital, NARDL, population health, PMG panel, technological innovation

INTRODUCTION

In its true essence, the demand theory suggests that consumers are used to ranking different
mixtures of goods and services that they typically purchase on the basis of their individual utility
function. According to this theory, consumers purchase those combinations of goods and services
that increase their utility to the highest level, by optimally utilizing their income. Therefore, it can
be affirmed that this theory is suitable for predicting the consumers’ demand for goods and services.
However, the demand function inmedical economics puts forth the argument that when consumers
acquire medical treatment or services, they actually expect and subsequently demand better to good
health conditions and not only the services that are being provided. According to Bentham (1), the
feeling and emotion of pain was included as one of the fifteen “simple pleasures” in a person’s utility
function, as early as the year 1789.

Positive investment in education is one of the primary sources of development of human capital
for any nation. Education is defined as human capital primarily because it develops the productive
capacity and increases the skill level of the people (2, 3). Researchers have suggested that formal
education promotes and modifies the general skills and abilities of the people, rather than focusing
on a specific purpose. When a person attains formal education, this process helps them in acquiring
the mind-set that makes them much psychologically stronger in tough situations, and helps them
solve problems that come in their way in a more informed and calculated manner. Among these
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problems, some are related to productivity, which is the main
disciplinary focus of proprietors and economists. Some of these
problems are related to basic personal needs, and one such critical
need is health and healthcare (2, 3).

Education is a primary source of developing the real expertise
of an individual, their capabilities, and skills, and is known as
the most basic proxy that can be considered to calculate human
capital. Hence, theory suggests that an enhanced level of human
capital will lead to better health conditions, mainly because the
advancement in human capital will alter the lifestyle of humans
by changing their habits, mind-sets, skills, abilities, training,
etc. Moreover, along with the development and enhancement
of education, people’s realization about better health conditions
also tends to increase. Furthermore, education not only helps to
make people aware of different health issues, but also serves as
a means through which better health standards can be achieved
(4). Through superior training courses that are focused toward
enhancing the knowledge and skills attained by doctors and
medical staff, the general health conditions of people can be
improved, and this can effectively be attained by investing heavily
in health-related infrastructures.

The empirical literature available on the education-health
nexus also suggests that education is the main driver of improved
health conditions. In addition to this, education in various
different fields of study, on one side, improves the physical
working and individual health of the people of all ages and at the
same time also helps to decrease the rate of sickness, incapacity,
and death that are related to aging and other related factors (5–
9). Moreover, studies pertaining to researchers such asWilkinson
and Spurlock (10), and Doornbos and Kromhout (11) actively
argue that it is education that exerts a positive impact on health
and healthcare related disciplines, and it is essentially not health
that improves the level of education in people.

Among the other aspects of human capital that can be
taken under consideration, the most significant ones pertain to
the spending on research and development, and technological
innovations (12). These two areas of study are increasingly
becoming popular, especially in their role in collecting empirical
evidence based on the impact of human capital, on all sectors of
the economy. Investment in research and development has done
wonders in emerging economies and is actively considered as a
key driver of economic growth (13–17). Eventually, this increased
investment in research and development will lead the nations
toward technological innovations that can affect the economy
through various channels. In this regard, we can dwell a little
deeper into these effects. Firstly, it will improve the competitive
position of the country in the global market and will lead to a
boost in the exports of a country. Secondly, innovations will help
countries to develop more advanced financial systems. Thirdly,
the overall infrastructure of the countries will improve, and as
a result, people will enjoy higher standards of life and living
(18). Similarly, more spending on research and development will
help in creating sophisticated infrastructure that can be directly
proportional to the enhancement of health care services i.e.,
hospitals, testing laboratories, medical equipment, andmedicines
etc. In addition to this, investment in research and development
initiatives provides the society with better trained and highly

qualified doctors and paramedical staff, who will eventually prove
to be catalysts in improving the health standards of the people
that they treat (19, 20).

The investment in human capital (education, research and
development, and technological innovations) can also affect the
health status of people, albeit through an indirect channel i.e.,
environment. However, though, as the investment in human
capital spurs economic activity, this can also harm the quality of
the environment (21, 22), which will deteriorate the health status
of the general public as well. Contrariwise, human capital can
also improve the environmental quality of society through better
and more sophisticated techniques of production, efficient use of
energy, increased use of environmentally friendly products, and
creating awareness about the greener and cleaner environment
(23). Several studies show that a cleaner and greener environment
certainly tends to have a positive impact on people’s health—be it
physical, emotional or psychological in nature (24, 25).

In this study, our basic goal is to analyze whether the
investment in human capital actually matters when it comes
to the health condition of the people belonging to BRICS
(Brazil, Russia, India, China, South Africa) economies. It must be
noted that the BRICS economies are among the fastest-growing
economies of the world, and are home to about 3.2 billion people
of the world. It must also be noticed that the collective GDP of
these economies is about 20.81 trillion US$. Hence, it is safe to
affirm that these economies are capable of serving as an ideal
case study, in order to analyse the impact of investment in
human capital, on the health status of the people. This study
is more important because average life expectancy in BRICS
stands a fraction below the average of global (26). The BRICS
economies are facing a lot of challenges in achieving sustainable
development goals.

Few empirical studies identifying the important factors of
BRICS health outcomes, such as health spending (27, 28);
health system (29); health care financing (30, 31); GDP (26);
none of these studies examined the impact of human capital
investment and technological innovation on BRICS health
outcomes. Previous literature assumed the linear impact of
health expenditure on health efficiency. These previous studies
cannot assess the impact of technological and human capital
shocks on health outcomes. For this purpose, we used the panel
non-linear ARDL-PMG method of estimation for analysis. This
methodology is easily captured the positive and negative shocks
of technology and human capital investment on health outcomes.

To the best of our knowledge, this is the first-ever study
that has included three different aspects of human capital, i.e.,
education expenditures, research and development expenditures
(R&D), and technological innovations. Moreover, this study
also aims to successfully perform a comparative analysis of
these indicators on the health condition of the people living
in BRICS countries. More importantly, the analysis is based
on the non-linear ARDL model, which has the benefit of
providing information regarding whether the health status
of people in these economies responds to the variables of
human capital symmetrically, or asymmetrically. Furthermore,
the results of this study have not suffered from the problem of
aggregation bias. The findings of this study are supportive for
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academicians, development practitioners, health institutions, and
international organizations.

This study is comprised of various sections. Section two of
the study writes the model and discusses the methodology of the
paper in detail. Moreover, in section three, we have elaborated
upon the results, while the study is concluded in the fourth
section of the paper.

MODEL AND METHODS

By analyzing the extant literature in-depth, in order to capture
the impact of human capital on the life expectancy of the
people living in the BRICS economies, we have borrowed the
following model:

Life expectancy it = ϕ0 + ϕ1EEit + ϕ2TIit + ϕ3Xit + εit (1)

In the above model (1), the life expectancy in BRICS economies
depends on the education expenditure (EE), technological
innovation (TI), and a set of control variables (GDP, education,
internet) as denoted by the symbol X. The methodology adopted
in this study is the linear and non-linear panel ARDL-PMG.
However, the asymmetric version is the extension of the linear
model, hence; we have initiated our discussion from the linear
ARDL-PMG model. Therefore, the relationship described in
Equation (1) will go on a temporal route before attaining a long-
run equilibrium route. Hence, Equation (1) needs to be stated in
the form of the ARDL model, as suggested by (32–34).

1Life expectancyit

= ω0 +

n
∑

k=1

β1k1Life expectancy i,t−k

+

n
∑

k=0

β2k1EEi,t−k +

n
∑

k=0

β3k1TIi,t−k

+

n
∑

k=0

β4k1Xi,t−k + ω1Life expectancyi,t−1

+ω2EEi,t−1 + ω3TIi,t−1 + ω4Xi,t−1 + εt (2)

Equation (2) is formerly known as the ARDL model of (32–34).
In this model, the estimates attached to first difference operator,
i.e., 1, represent the short-run results, whereas, the long-run
results are signified by the coefficient estimates of ω2 − ω4,
normalized on ω1. In this regard, in order to prove that our
long-run results are valid, we need to prove the co-integration
among the long-run estimates. To that end, the error correction
term (ECTt−1) has been developed by using the estimates from
Equation (1), and the estimate of ECTt−1 should be negative
and significant in nature. Moreover, most of the macroeconomic
variables have become stationary after differencing only once,
hence, the leading benefit of applying this methodology is that
it capable of performing well, even if the variables are I(0), I(1),
or a mixture of both.

The basic aim of this study is to observe the asymmetric
impact of the variables of human capital, on the life expectancy

in BRICS countries. Therefore, we needed to divide the variables
of our interest i.e., education expenditure (EE) and technological
innovation (TI), into their positive (EE+it , TI

+
it ) and negative

(EE−it , TI
−
it ) parts, by using the partial sum technique as proposed

by Shin et al. (35). This has been presented below as:

EE+it =

t
∑

n=1

1EE+it =

t
∑

n=1

max (1EE+it, 0) (3a)

EE−it =

t
∑

n=1

1EE−it =

t
∑

n=1

min (1EE −
it, 0) (3b)

TI+it =

t
∑

n=1

1TI+it =

t
∑

n=1

max (1TI+it, 0) (3c)

TI−it =

t
∑

n=1

1TI−it =

t
∑

n=1

min (1TI−it, 0) (3d)

In the above equations the functions, EE+it and TI+it , signify the
positive changes or shocks, whereas, the functions EE−it and TI−it
signify the negative changes or shocks. After breaking down the
respective variables, the next step was to substitute these partial
sum variables in the space of the original variables that were
mentioned in Equation (2). When the substation takes place, the
new equation tends to look like as shown below:

1Life expectancyit

= α0 +

n
∑

k=1

β1k1Life expectancy2,it−k +

n
∑

k=0

β2k1EE+it−k

+

n
∑

k=0

δ3k1EE−it−k +

n
∑

k=0

β4k1TI+it−k +

n
∑

k=0

δ5k1TI−it−k

+

n
∑

k=0

β6kXit−k + ω1Life expectancyit−1 + ω2EE
+
it−1

+ ω3EE
−
it−1 + ω4TI

+
it−1 + ω5TI

−
it−1

+ω6Xit−1 + εit (4)

This shows that Equation (4) has now transformed into a non-
linear panel ARDL-PMG. It is noteworthy that the estimation
procedure of this equation is the same as the linear model.
Moreover, the same test of co-integration is applicable in the
non-linear panel ARDL-PMG, as this is an extension of the
linear ARDL. However, this model provides us the luxury of
detecting the impact of positive and negative shocks, separately,
on the dependent variable as well. In this regard, the questions
pertaining to the non-asymmetric and asymmetric causality
between human capital investments, technological innovation,
and population health are also addressed in this study, primarily
by using the teachings of Dumitrescu and Hurlin (36), and
Hatemi-j (37) panel causality tests.

DATA

The analysis for this study has been conducted exclusively for
BRICS economies that pertain to Brazil, Russia, India, China,
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and South Africa, and cover the data collection period from 1991
to 2019. The dataset of all variables has been collected from the
World Development Indicators (WDI) that are compiled and
updated by the World Bank. Moreover, life expectancy has been
considered as a dependent variable, while government education
expenditure (EE), and technology innovation (TI), as a proxy of
patent applicants, are considered to be the independent variables.
In addition to this, the GDP per capita (GDP), the average year
of schooling (education), and the number of users of the internet
(Internet) have been considered as the control variables in the
analysis. Moving on, the transformed technology innovation
and GDP data have been considered in terms of the natural
logarithm. In Table 1, the mean values of the life expectancy,
EE, TI, GDP, education, and internet users are 67.2 years, 4.35%,
8.95, 8.39$, 12.3 years, and 20.2%, respectively, while the standard
deviations are 5.93 years, 1.52%, 1.93%, 0.93$, 2.06 years, and
23.5%, respectively.

RESULTS AND DISCUSSION

Before applying any regression techniques, it was necessary to
test the stationarity properties of the considered data. For this
purpose, the study has used the Levin–Lin–Chu (LLC) test,
the Im–Pesaran–Shin (IPS) test, and the Fisher-ADF tests. The
statistical outcomes of the LLC test, IPS test, and ADF test have
been presented in Table 2. The findings of these tests show that
only a few variables are level stationary, and while a further few
are stationary at the first difference. The study also opts for the
ARDL and NARDLmodels, in order to investigate the symmetric
and asymmetric nexus among the variables in the short-run and
long-run, in the panel of BRICS countries. Moreover, Table 3
delivers the findings of the short-run and long-run estimates
of the ARDL and NARDL models, along with the outcomes of
various diagnostic tests.

The long-run findings of ARDL show that the government
sector education expenditure tends to positively affect the life
expectancy in BRICS economies. It also demonstrates that a 1%
increase in government sector education expenditures results in
increasing the life expectancy by 3.717% in these economies.
In addition to this, GDP and education have a significant and
positive impact on the life expectancy in BRICS economies,
specifically in the long-run. It shows that due to a 1% upsurge in
the GDP per capita and education, the life expectancy increases
by 4.851 and 8.557% in the BRICS countries. However, it is
noteworthy that technological innovation and the number of
internet users have no effect on the level of life expectancy
in BRICS economies, as shown by a statistically insignificant
coefficient estimate of both variables. The short-run findings
of ARDL show that technological innovation, GDP per capita,
and internet users positively affect the life expectancy index
in BRICS economies. However, the impact of the government
sector education expenditure and education on the general life
expectancy is statistically insignificant in the short-run. For
diagnostic testing, a certain number of tests have also been
applied. These include the log-likelihood test, LM test, F-test,
and the ECM test. The significant coefficient estimate of the log

likelihood test confirms the goodness of fit of model. Moreover,
the statistically significant coefficient estimates of F-statistics and
ECM confirm the existence of the long-run cointegration among
the variables. Other than that, the ECM term holds a negative
sign with a value 0.221, which states that almost 22% convergence
toward the equilibrium level is likely to occur in period of one
year. Moreover, the coefficient estimate of LM shows there is
no issue of serial correlation in the data that has been taken
into account.

The long-run outcomes of the NARDL show that the positive
component of the government sector education expenditure
has a significant and positive impact on the life expectancy in
BRICS economies. It reveals that in response to a 1% increase
in the positive component of the government sector education
expenditure, life expectancy in BRICS economies increases up
to 0.804%. On the other hand, the negative shocks in the
government sector education expenditure result in decreasing
life expectancy in BRICS economies in the long-run. In more
precise terms, a 1% decrease in the negative component of the
government sector education expenditure leads to a reduction
in the life expectancy by 3.143% in the BRICS economies. The
positive shocks in technological innovations tend to have a
significant positive impact on the life expectancy in the long-run,
which propagates that a 1% upsurge in technological innovation
leads to a 2.608% increase in the life expectancy in the BRICS
economies. Conversely, the negative shocks in technological
innovation negatively affect the life expectancy, as a 1% decrease
in the negative shocks in technological innovation result in a
1.168% reduction in the life expectancy in BRICS economies,
specifically in the long-run.

These findings are also consistent with Oster et al. (38),
who noted that human capital investment is one of the key
inputs of health outcomes. The results revealed that human
capital investment raises awareness and information about good
health, in return, the human capital improves the level of
life expectancy. Moreover, the human capital theory predicts
a longer life expectancy, primarily because human capital is a
key input of the health outcomes. In addition to this, these
findings are also supported by Manton et al. (39), who noted
that technology innovation is more responsive to health care
efficiency. The average life expectancy of humans can increase
with improvements in education, affordable housing, sanitation,
and the effective advancements in medical treatments. In this
context, it is observed that the progress in the technological sector
permits everyone to improve his/her health individually, which
helps in improving the life expectancy on an individual basis.
In many countries, the level and percentage of life expectancy
has reached up to seventy years and above. These significant
gains are achieved due to better healthcare services and facilities,
better nutrition, improved public health, and, most significantly,
due to the application of technological innovations. The growth
in technological innovations benefits longevity and healthy
aging, primarily by empowering people to spend gratifying
and healthier lives at all age groups. Technological innovations
contribute in several ways when keeping people more physically
active, and enabling them to spend an independent living style.
For instance, by adopting smart home technology, the detection
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TABLE 1 | Variables definition and data descriptive.

Variables Symbol Variables Mean Std. Dev. Min Max

Life expectancy at birth Life expectancy Life expectancy at birth, total (years) 67.2 5.93 53.4 76.9

Education expenditure EE Government expenditure on education, total (% of GDP) 4.35 1.52 1.44 8.59

Technology innovation TI Patent applications, residents 8.95 1.93 4.93 14.1

GDP per capita GDP GDP per capita (constant 2010 US$) 8.39 0.93 6.36 9.39

Year of schooling Education Average year of schooling 12.3 2.06 7.70 15.6

Internet users Internet Individuals using the Internet (% of population) 20.2 23.5 0.00 80.8

TABLE 2 | Unit root tests.

LLC IPS ADF

I(0) I(1) Decision I(0) I(1) Decision I(0) I(1) Decision

Life expectancy −4.825*** I(0) −3.654*** I(0) −3.434*** I(0)

EE −0.340 −1.925* I(1) −0.123 −3.546*** I(1) −1.154 −4.435*** I(1)

TI −3.086*** I(0) −1.044 −5.740*** I(1) −0.063 −10.54*** I(1)

GDP −0.531 −2.121** I(1) −0.704 −3.371*** I(1) 1.787 −4.984*** I(1)

Education −1.082 −3.516*** I(1) −0.678 −3.617*** I(1) −1.044 −5.670*** I(1)

Internet −0.160 −4.384*** I(1) −0.684 −2.589*** I(1) −1.162 −2.878*** I(1)

***p < 0.01, **p < 0.05, and *p < 0.1.

and management of disease conditions at the initial stages,
continuous involvements in the workforce, and maintaining
social relations by dropping social isolation, etc., the contribution
of technological innovations can be fathomed. In order to
ensure the maximum benefits of technological innovations
on longevity and aging, there is also a need to design such
inclusive technologies that benefit every one of the direct and
indirect stakeholders.

As far as the findings of the other control variables are
concerned, all three variables (i.e., GDP, education, and internet)
have a significant and positive impact on the life expectancy in
BRICS economies, particularly in the long run. In this regard, due
to a 1% increase in the GDP, education, and internet users, the life
expectancy increases by 7.747, 1.804, and 0.075%, respectively,
in the long run. The short-run outcomes of NARDL also show
that only the positive component of technological innovation has
a significant and positive impact on the life expectancy. In the
case of the control variables that are taken into account, the GDP
per capita and the internet users, positively and significantly,
influence the life expectancy in BRICS economies.

Moving on, the findings of the diagnostic tests reveal that
the log-likelihood test result is statistically significant, confirming
the goodness of fit of the model. Moreover, the F-statistics and
the ECM results are statistically significant, which confirms and
validates the existence of the element of long-run cointegration
among the considered variables. It must also be noted that the
ECM term is observed to be negative, with a value of 0.423, which
shows that an almost 42% convergence toward equilibrium will
occur in a time span of 1 year. The coefficient estimate of the
LM also confirms that there was issue of the serial correlation in
the data. Other than this, the Wald test confirms the presence
of an asymmetric relationship between the government sector

education expenditures, technological innovation, and the life
expectancy in BRICS economies in the long-run. However, the
Wald test does not establish any asymmetry between these
variables in the short run.

Table 4 reported the non-symmetric and asymmetric
causality relationship among the concerned variables for BRICS
economies. In this regard, the non-asymmetric causality analysis
outcomes for BRICS indicate that there exists a bidirectional
causality from the education expenditure to the life expectancy,
and technology innovation to the life expectancy. However,
the asymmetric causality test findings confirm the bidirectional
causality relationship in the positive and negative shocks of
the education expenditure, to the life expectancy for BRICS.
These revelations imply that an increase and decrease in
human capital investment is affected by life expectancy, and
alternatively, an increase in life expectancy promotes an increase
in human capital investment. Our findings also show evidence of
bidirectional asymmetric Granger-causal relationship between
technology innovation and life expectancy. The shocks of the
technology innovation also seem to affect the life expectancy of
the population of BRICS economies.

CONCLUSION AND POLICY
IMPLICATIONS

The level of global life expectancy has widened by almost 20
years over the past five decades. In this context, researchers have
actively been inspecting the key factors that determine the life
expectancy and health performance indicators of nations. Thus,
this study has been aimed toward identifying the asymmetric
impact of human capital investment and technology innovation
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TABLE 3 | Panel ARDL and NARDL PMG estimation.

Panel ARDL Panel NARDL

Variable Coefficient Std. error t-Stat Variable Coefficient Std. error t-Stat

Long run

EE 3.717*** 1.080 3.442 EE_POS 0.804*** 0.101 7.964

TI 0.836 0.730 1.146 EE_NEG −3.143 0.229 13.71

GDP 4.851*** 1.051 4.059 TI_POS 2.608*** 0.336 7.759

Education 8.557*** 2.598 3.293 TI_NEG −1.168 0.601 1.943

Internet 0.030 0.024 1.224 GDP 7.747*** 0.524 14.78

Education 1.804*** 0.198 9.097

Internet 0.075*** 0.010 7.440

Short run

D (EE) −0.091 0.130 0.705 D (EE_POS) 0.014 0.049 0.283

D [EE (−1)] 0.007 0.062 0.116 D [EE_POS (−1)] −0.047 0.124 0.381

D (TI) 0.259* 0.155 1.671 D (EE_NEG) −0.665 0.708 0.940

D [TI (−1)] −0.312 0.318 0.980 D [EE_NEG (−1)] 0.620 0.432 1.433

D (GDP) 0.399* 0.224 1.781 D (TI_POS) 0.530* 0.311 1.709

D [GDP (−1)] 0.585 0.854 0.685 D [TI_POS (−1)] 0.204 0.186 1.098

D (Education) −0.040 0.056 0.715 D (TI_NEG) −0.010 0.157 0.064

D [Education (−1)] −0.125 0.082 1.525 D [TI_NEG (−1)] −0.636* 0.365 1.744

D (Internet) 0.008** 0.004 2.000 D (GDP) 0.919* 0.542 1.695

D [Internet (−1)] 0.004 0.003 1.166 D [GDP (−1)] −0.032 0.463 0.068

C −0.339 1.414 0.240 D (Education) −0.186 0.234 0.793

D [Education (−1)] −0.065 0.041 1.608

D (Internet) 0.008*** 0.003 2.666

D [Internet (−1)] 0.004 0.005 0.925

C 0.062 0.217 0.284

Diagnostic

Log likelihood 369.6*** Log likelihood 456.95***

LM 1.458 LM 1.979

F-test 5.698*** F-test 6.988***

ECM (−1) −0.221 0.117 1.888 ECM (−1) −0.423** 0.210 2.014

Wald-EE-L 5.988***

Wald-EE-S 1.326

Wald-TI-L 7.612***

Wald-TI-S 0.123

***p < 0.01, **p < 0.05, and *p < 0.1.

on the life expectancy in BRICS countries. This study also
implements a panel non-linear autoregressive distributed lag
(NARDL) model, in order to examine the long-run and short-
run dynamics of human capital investment and technology
innovation for the health outcomes that are taken into account.
Other than that, the study also employs an asymmetric causality
test in the context of the variables proposed by (37).

One of the primary purposes of this study was to examine
the dynamic impact of human capital investment and technology
innovation, on the health outcomes for BRICS countries
from 1991 and 2019. The findings of the study revealed an
asymmetric impact of human capital investment, and technology
innovation on the health of individuals. However, we have
found that a positive shock in human capital investment and
technology innovation helps to increase life expectancy, while a

negative shock in the human capital investment and technology
innovation leads to a reduction in life expectancy. Most
importantly, a positive technology innovation shock improves
the life expectancy in the BRICS in short run. Furthermore,
we also find that a negative shock in technology innovation
has an insignificant impact on the life expectancy, in the short
run. Findings also indicate that positive and negative education
expenditure has insignificant short-run asymmetric effects on
the life expectancy in BRICS. Moreover, the revelations of the
asymmetric causality analysis for BRICS indicate that there exists
a bidirectional asymmetric causality from education expenditure
to life expectancy, and technology innovation to life expectancy.

When taking into consideration the implications of the study,
it is suggested that the government should raise the level of
public financing for the education and healthcare sector of the
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TABLE 4 | Symmetric and asymmetric Granger causality.

Symmetric Asymmetric

Null hypothesis W-Stat. Zbar-Stat. Prob. Null hypothesis W-Stat. Zbar-Stat. Prob.

EE → Life expectancy 25.88*** 21.72 0.000 EE_POS → Life expectancy 20.07*** 16.22 0.000

Life expectancy → EE 10.63*** 7.758 0.000 Life expectancy → EE_POS 9.270*** 6.425 0.000

TI → Life expectancy 8.840*** 6.105 0.000 EE_NEG → Life expectancy 25.68*** 21.33 0.000

Life expectancy → TI 4.505* 2.119 0.034 Life expectancy → EE_NEG 5.371*** 2.877 0.004

GDP → Life expectancy 42.64*** 37.18 0.000 TI_POS → Life expectancy 23.81*** 19.60 0.000

Life expectancy → GDP 5.702*** 3.220 0.001 Life expectancy → TI_POS 4.227* 1.835 0.067

EDUCATION → Life expectancy 31.60*** 27.07 0.000 TI_NEG → Life expectancy 6.686*** 4.073 0.000

Life expectancy → EDUCATION 7.277*** 4.667 0.000 Life expectancy → TI_NEG 6.215*** 3.644 0.000

INTERNET → Life expectancy 20.17*** 16.57 0.000 GDP → Life expectancy 42.64*** 37.18 0.000

Life expectancy → INTERNET 7.597*** 4.962 0.000 Life expectancy → GDP 5.702*** 3.220 0.001

TI → EE 6.795*** 4.225 0.000 EDUCATION → Life expectancy 31.60*** 27.03 0.000

EE → TI 7.125*** 4.528 0.000 Life expectancy → EDUCATION 7.277*** 4.667 0.000

GDP → EE 6.099*** 3.585 0.000 INTERNET → Life expectancy 20.17*** 16.52 0.000

EE → GDP 4.479** 2.095 0.036 Life expectancy → INTERNET 7.597*** 4.962 0.000

EDUCATION → EE 1.677 0.481 0.631 EE_NEG → EE_POS 3.086 0.797 0.426

EE → EDUCATION 5.819*** 3.327 0.001 EE_POS → EE_NEG 7.544*** 4.854 0.000

INTERNET → EE 3.457 1.156 0.248 TI_POS → EE_POS 5.048** 2.582 0.010

EE → INTERNET 6.026*** 3.517 0.000 EE_POS → TI_POS 4.871** 2.421 0.016

GDP → TI 5.056*** 2.626 0.009 TI_NEG → EE_POS 3.822 1.467 0.142

TI → GDP 2.694 0.454 0.650 EE_POS → TI_NEG 3.132 0.839 0.402

EDUCATION → TI 2.314 0.105 0.916 GDP → EE_POS 5.917*** 3.373 0.001

TI → EDUCATION 4.525** 2.138 0.033 EE_POS → GDP 5.190*** 2.712 0.007

INTERNET → TI 1.704 0.456 0.649 EDUCATION → _POS 1.235 0.888 0.375

TI → INTERNET 7.010*** 4.422 0.000 EE_POS → EDUCATION 4.746** 2.308 0.021

EDUCATION → GDP 4.722** 2.319 0.020 INTERNET → EE_POS 3.429 1.109 0.268

GDP → EDUCATION 6.192*** 3.670 0.000 EE_POS → INTERNET 6.083*** 3.525 0.000

INTERNET → GDP 1.681 0.477 0.634 TI_POS → EE_NEG 4.281* 1.885 0.060

GDP → INTERNET 9.908*** 7.086 0.000 EE_NEG → TI_POS 4.292* 1.895 0.058

INTERNET → cause EDUCATION 5.212*** 2.769 0.006 TI_NEG → EE_NEG 83.62*** 75.79 0.000

EDUCATION → INTERNET 9.382*** 6.603 0.000 EE_NEG → TI_NEG 8.716*** 5.921 0.000

GDP → EE_NEG 2.988 0.708 0.479

EE_NEG → GDP 3.934 1.569 0.117

EDUCATION → EE_NEG 2.257 0.042 0.966

EE_NEG → EDUCATION 2.818 0.553 0.580

INTERNET → EE_NEG 1.468 −0.676 0.499

EE_NEG → INTERNET 5.372*** 2.876 0.004

TI_NEG → TI_POS 13.96*** 10.65 0.000

TI_POS → TI_NEG 2.636 0.387 0.699

GDP → TI_POS 3.198 0.899 0.369

TI_POS → GDP 3.933 1.568 0.117

EDUCATION → TI_POS 1.794 −0.379 0.705

TI_POS → EDUCATION 5.795*** 3.263 0.001

INTERNET → TI_POS 1.712 −0.453 0.650

TI_POS → INTERNET 6.475*** 3.882 0.000

GDP → TI_NEG 3.649 1.310 0.190

TI_NEG → GDP 3.552 1.220 0.222

EDUCATION → TI_NEG 5.234*** 2.752 0.006

TI_NEG → EDUCATION 1.759 −0.411 0.681

INTERNET → TI_NEG 8.522*** 5.744 0.000

(Continued)

Frontiers in Public Health | www.frontiersin.org 7 July 2021 | Volume 9 | Article 723557202

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Hu and Yao Investment, Technology, and Public Health

TABLE 4 | Continued

Symmetric Asymmetric

Null hypothesis W-Stat. Zbar-Stat. Prob. Null hypothesis W-Stat. Zbar-Stat. Prob.

TI_NEG → INTERNET 1.849 −0.329 0.742

EDUCATION → GDP 4.722** 2.319 0.020

GDP → EDUCATION 6.192*** 3.670 0.000

INTERNET → GDP 1.681 −0.477 0.634

GDP → INTERNET 9.908*** 7.086 0.000

INTERNET → EDUCATION 5.212*** 2.769 0.006

EDUCATION → INTERNET 9.382*** 6.603 0.000

***p < 0.01, **p < 0.05, and *p < 0.1.

economy. Moreover, the government should more allocate more
public funds toward proper research and development. BRICS
economies should ideally lay more emphasis on technological
innovation in the healthcare sector. Other than that, the
government should raise health awareness among people,
through smart technology. Governments should also encourage
private investment in the technology sector, and work actively
toward improving the national health system for better health
outcomes. In addition to this, the federal and local governments
should promote a healthy lifestyle (exercise, diet, behavior) and
protect and preserve the environment (air, soil, water), via social
media and smart technology.

This study has certain limitations as well. Moreover, this study
does not cover the health systems and physical environment of
BRICS regions, which are equally important for health efficiency.
Further work is called for, in order to examine the relationship
between the health systems, physical environment, and the health
status of women and men.
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Deepening the reform of insurance companies and improving commercial insurance

protection capabilities become issues important to national strategy. They involve

improving China’s multi-tiered social security system to analyze the deep-seated

reasons impacting the purchasing behavior of commercial health insurance for rural

residents in China. Using the DEA-CCR model, this paper evaluates the development

of China’s insurance industry, inspects the impact of insurance industry development

on purchasing behavior of rural commercial health insurance based on the data of

tracking survey projects from China’s household, and carries out empirical analysis. The

research result shows that the development of the insurance industry has obviously

promoted the purchase behavior of commercial health insurance for rural residents.

This research has significant practical value on protection and promotion of production

and life quality of rural residents, which will also provide beneficial reference on the

formulation and implementation of future operation strategy in China’s commercial health

insurance companies.

Keywords: commercial insurance, insurance purchasing behavior, China, DEA-CCR model, CFPS

INTRODUCTION

Currently, China’s economic development is shifting from an export-oriented to a domestic-
demand-driven type, while the key to expand domestic demand is to effectively improve household
consumption. In 2019, the growth rate of China’s per capita disposal income reached 8.9%, and the
growth of per capita consumption expenditure during the same time was 8.6%, which remained

almost the same, while the growth of savings per capita reduced to 8.7%. ①This demonstrates
that, while Chinese residents’ income level was increasing rapidly and the consumer initiative
was improving, residents’ traditional saving concepts were changing to some degree. Nowadays,
the coverage rate of endowment and medical insurance in Chinese society is over 90%, and the
rural social insurance system has entered the phase of normative development, which has played a
positive role in increasing farmers’ income, promoting farmers’ consumption and the harmony of
rural families, and ensuring that the elderly in rural areas will be looked after. The social welfare in
rural families is realized (1, 2). However, due to restraining factors such as low affordability levels,
lack in policy coverage, and large regional differences in social security transfer payments, there
are still some restrictions in the protection function of rural social insurance system toward rural
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residents and families (3, 4). It is not possible to realize
100% of loss compensation or 100% of income replacement
by only relying on a social insurance system (5–7). Obviously,
it is difficult helping rural residents and families to achieve
more comprehensive and higher protection by only relying
on social insurance system dominated by government (8, 9).
The 14th Five-Year Plan clearly highlighted the reform and
improvement of the social insurance system, the improvement
of the insurance system, the promotion of social insurance
transfer and continuation, and the improvement of a unified
national social insurance public service platform. Therefore,
building a multi-tiered security system is a necessary measure of
“helping those most in need.” As an important supplementary
form, commercial health insurance could play a part in risk
protection, lever magnifying, credit financing, preventing and
reducing damages, and main linkage, in order to satisfy the
diversified protection needs among people, but with its increasing
participation degree in ensuing people’s livelihood, commercial
health insurance has obviously become an important aspect of
the multi-tiered security system (10–13).

It is necessary to emphasize that, on one hand, the acceleration
of the popularization of commercial health insurance in rural
areas will help improve the safeguard function of commercial
health insurance in rural areas, which is significant in protecting
rural residents’ production and life. In recent years, the
No. 1 central documents issued by the State Council all
mentioned acceleration in development of rural insurance
industry, establishment and improvement of rural medical
insurance system, active implementation of protection measures
in various insurance, and meeting the basic medical needs of
rural residents (14, 15). As an important part of improving
the social security system, the popularization of commercial
health insurance combines safety security and risk investment,
and protects life and property rights of the insured as
far as possible. Therefore, as the areas with close attention
in building a moderately prosperous society in all aspects,
rural areas should facilitate the development of commercial
health insurance business, and improve the relatively backward
situation of insurance company service. On the other hand, in
the 40 years since resumption of insurance business, China’s

insurance business has been flourishing②, and more and more
residents tend to transfer traditional bank deposit properties
into insurance assets, which brings more opportunity to the
insurance companies. As of April 2020, there have been 232

insurance companies in different areas in China③, among which
97 were life insurance companies, taking up an important
position in the insurance industry. Especially in the beginning
of 2020, when the epidemic was spreading, insurance services
represented by life insurance companies actively responded to
the epidemic prevention work guidance of China’s Banking
Regulatory Commission, simplifying the claim service channel
and maintaining clients’ demands to the greatest extent, so
as to provide strong support in the implementation of anti-
epidemic work (16, 17). However, due to the dual impacts of
internal industry and external environment, and some of the
insurance companies paying too much emphasis on increasing

the market share, the operation efficiency was showing a
downward trend, which seriously influenced the companies’
operational management level and the residents’ purchasing
behaviors of commercial health insurance. Additionally, the
popularization of commercial health insurance in rural residents
and families will further reduce the burden of caring for the
elderly and increase the capability of consumption and risk
taking, so as to further improve the life quality of rural residents
(18, 19).

However, in the current situation of China’s economy, the
degree of participation of commercial health insurance in China’s
rural residents is not very optimistic, compared to that of

urban residents④. One of the reasons is that rural residents
have relatively weak risk awareness due to the limitations of
funding and education. Another reason might be that insurance
companies have not done enough publicity in rural areas, so that
rural residents have limited understanding of insurance business.
With the increase in rural residents’ income and demand for
protection, the factors influencing rural residents to purchase
insurance are increasing. Therefore, whether the development
of the insurance industry will influence the purchasing behavior
of commercial health insurance among rural residents deserves
further study.

LITERATURE REVIEW AND RESEARCH
HYPOTHESIS

As to the research on residents’ purchasing behavior of
commercial health insurance, there were many scholars at home
and abroad conducting research from the aspects of individual
condition, social relations, and current social situation. In terms
of individual condition, Pu et al. (10) discovered that the
education level of individuals would influence the purchase of
family life insurance, meaning that the higher the education
level was, the more likely an individual was to purchase
insurance (20–22). Wang et al. (23) analyzed the relationship
between psychological factors (individual value, risk attitude,
and faith) and purchasing behaviors (24, 25). According to the
research, there was an obvious negative correlation between risk
attitude and life insurance purchase, while there were no such
obvious relationship between individual value and faith and
life insurance purchase. In terms of social relations, Wang et
al. (12) and Liu et al. (13) reached the conclusion that social
behaviors, including social interaction behavior and social trust
degree, would influence insurance needs, through the study of
participation degree of residents’ commercial health insurance
(26, 27). Wang et al. (23) also mentioned that an important factor
influencing insurance demands were the trust degree of Chinese
residents (28). If the individual had a relatively low trust degree
toward insurance, it would directly influence their insurance
purchase demands. Zong et al. (15) put forward that there existed
a substitutional relationship between the two (29). In terms of
social capital and social stratum, Wu (17) argued that the two
had a positive influence on insurance purchasing (30). Taking
Hong Kong as the research area, Keung et al. (18) investigated
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the factors influencing the external issues, such as how policy
variables relating to society influence insurance purchase (31).
According to research by Xiong et al. (19), Qiu (20), and
Zhou et al. (21), purchase of commercial health insurance
would have a reverse impact on the allocation and selection of
household asset portfolio (32–34). Jia et al. (22) also used the
CFPS database to conduct empirical analysis, showing that the
out migration for work of rural residents would significantly
decrease the families’ purchase desire for commercial health
insurance (35). In addition, Zhang et al. (24) and Zhang
(25) studied the factors influencing the intent of purchasing
life insurance and its premium (36, 37). The result showed
factors such as people’s worries about the future, economic
conditions, knowledge of life insurance, chronic diseases, and
preference for adventures would have obvious and positive
influences on intent of purchasing life insurance. Christophe
et al. (26) used cross-sectional data of the European Survey of
Health, Aging, and Retirement to estimate the determinants of
possibilities of purchasing long-term care insurance in France,
wherein risk-taking behaviors and disabilities’ experience played
an important part (38, 39). By establishing health care need
models, Ding and Zhu (27) evaluated the influence of medical
care utilization on purchase of public health insurance (40).
Based on the above theoretical research, this paper proposed the
below research hypothesis:

Hypothesis 1: The development of the insurance industry is
influenced by factors such as the number of employees in the
insurance industry, fixed-asset investment, premium income, an
compensation expenses.

The number of employees in the insurance industry can reflect
the scale of the industry to some degree, and also reflect the labor
capital input condition of insurance companies. Generally, the
more employees there are, the larger the scale is, which means
providing more convenient service for the applicants, and it is
easier for applicants to get insurance interest protection, forming
a positive cycle (41). The higher the performance obtained
through man-power input channel, the higher the operation
efficiency is. While from another aspect of capital input, fixed-
asset investment can reflect the physical capital input status of
an insurance company. The higher the fixed-asset investment is,
the larger the premium scale and market share of the insurance
company is (42). Correspondingly, the higher the company’s
operation efficiency is, the better the development situation
of the insurance industry is. From the aspect of insurance
company sales, premium income and compensation expenses
are the two influencing factors affecting the development of
the insurance industry. Premium income can directly measure
the gross output of the insurance company. More output
means a stabler operation of the insurance company, so as
to promote the improvement of the operation efficiency. The
compensation expenses, as one of the important measures of
risk tolerance ability of insurance companies, can reflect the
companies’ operation condition to some degree (43). It is
necessary to combine compensation expenses and premium
income to comprehensively evaluate the development condition
of insurance industry.

Hypothesis 2: The development of the insurance industry has
a significant impact on the purchasing behavior of commercial
health insurance among rural residents.

It is known from hypothesis 1 that the development of
the insurance industry is influenced by various factors, among
which promoting the development of the insurance industry
from the perspective of human resource is mainly realized
by enhancing sales level, business proficiency, working ability,
and emergency reaction ability of insurance company staff.
However, rural residents have limited knowledge and acceptance
of insurance. Therefore, it is important to promote development
of the insurance industry via the above mentioned measures so
as to provide more convenient and efficient services to rural
residents and bring more protection to farmers (44, 45). In this
way, it is easier for rural residents to better accept insurance
products and promote purchase of commercial health insurance
(46, 47).

Based on the above literature review, most of the scholars
had generally the same evaluation idea of insurance industry
development, which used methods including DEA, SFA, and
Malmquist exponential model to measure and analyze the
development of the insurance industry, based on different
research subjects (including various types of insurance
companies such as life insurance companies, property insurance
companies, and agricultural insurance companies). As to the
study on residents’ purchasing behavior of commercial health
insurance, scholars had less research on the differences on
consumption concepts between urban and rural residents,
with the background of China’s urban-rural dualization.
Additionally, in terms of the study of influence factors of
insurance purchasing behavior, most of the scholars favored
the analysis on factors about individual or family situation,
while there was less research in the macro aspects, with no
literature referring to the related research as to whether the
development of the insurance industry had influence on
insurance purchasing behavior.

In view of this, this paper takes the development of the
insurance industry and purchasing behavior of the commercial
health insurance among rural residents as research objects and
deeply investigates the influence of the development of the
insurance industry on rural residents’ insurance purchasing
behavior. Considering the availability of data, this paper proposes
to use the DEA-CCR model to conduct efficiency evaluation on
life insurance companies in China’s 25 provinces and cities⑤

in the years of 2013 and 2015, then uses data of Chinese
household tracking survey projects CFPS in the years of 2014 and
2016, establishing the regression models of the development of
the insurance industry and purchasing behavior of commercial
health insurance, inspecting the influence of the development
of the insurance industry on purchasing behavior among rural
residents. Its significance is to promote the development of the
insurance industry and provide rural residents with more reliable
insurance protection.

The contribution margin of this paper mainly lies in the
following three aspects: (1) The existing research mainly
takes urban residents as research objects, without considering
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the heterogeneity in insurance purchasing behavior between
urban and rural residents with the background of China’s
urban-rural dualization. Therefore, this paper takes rural
residents as a research object, discussing and analyzing the
influence of the development of the insurance industry on
purchasing behavior of commercial health insurance among
rural residents, and providing a theoretical basis for expanding
rural commercial health insurance business; (2) The existing
research mainly discusses influence on insurance purchasing
behavior from the micro perspective of resident individuals or
resident families, with only a few scholars conducting discussion
from the perspective of the insurance industry. Therefore,
this paper focuses on the influence of the development of
the insurance industry on insurance purchasing behavior
among rural residents, analyzing whether the insurance
industry would influence the residents’ purchasing behavior
of commercial health insurance, which provides theoretical
support for policy formulation and implementation, with good
practice value.

The structure of the rest of the paper is as follows: The third
part is the data source and variable setting, the fourth part is the
empirical analysis, and the fifth part is the research conclusion
and enlightenment.

DATA SOURCES AND SPECIFICATION OF
VARIABLES

Data Sources
The data adopted in this paper is from Chinese household
tracking survey projects CFPS between the years of 2014 and
2016. The information data and research objects of this survey
are highly reliable and representative. In order to increase
the scientificity of the research, the sample data in this paper
is processed as below: First, the population with non-rural
registered permanent residence are removed; Second, due to the
large size of sample, a lot of the data are missing, which are
also removed; finally, in order to prevent the error influence on
statistical result due to abnormal value, the last 1% of the data are
winsorized, which leads to 17,874 final valid sample data.

Specification of Variables
Variable Definition

In the analysis of factors of purchasing insurance among rural
residents, it is mainly considering the purchasing situation of
commercial health insurance among rural residents. There is a
survey statistic in the questionnaire asking about “commercial
insurance expenses in the past 12 months,” the result of which
could reflect the residents’ purchasing situation of commercial
health insurance to some degree. Therefore, this paper sets the
definition of explained variables as whether the family purchased
commercial health insurance, which means that if the family’s
expense on purchasing commercial health insurance is <0, the
variable is 0, otherwise the variable is 1.

Given that the influence factor researched in this paper
is mainly about development conditions of the insurance
industry, the operation efficiency of insurance companies is
set as core explained variables. However, there is no survey

relating insurance efficiency value in the database. According
to the questionnaire setting in the database, it is discovered
that there is division of provinces in the samples involved in
the survey. Combining the insurance companies’ efficiency in
different provinces measured in Chapter II, the corresponding
insurance companies are assigned for different sample data in this
chapter according to province code.

In order to exclude the influence of other factors, making the
analysis result more scientific, this paper also includes control
variables into regression analysis. Many scholars have proved that
population variables could influence the individual participation
degree of commercial health insurance, the variables including
age, gender, marriage, self-evaluation of health, and diseases.
Referring to analytic demonstration of control variables of Qin
et al. (28), this paper finally chooses age, gender, marriage,
education level, diseases, self-evaluation of health, neighborhood
relations, and household size as control variables.

Based on the above analysis, the variable description of this
paper is as shown in Table 1.

Index Construction

Under the premise of complete data collection, this paper finally
chooses insurance companies in 25 provinces of China to be
decision-making samples of efficiency evaluation, selecting 2013
and 2015 as the evaluation section of operation efficiency. In
terms of choosing index of insurance efficiency evaluation, this
paper refers to the research and practice of Liu (29), Guo et al.
(30), and Hong et al. (48), and selects value-added method as
the evaluation basis of input and output index (47, 48, 49). At
the same time, combining the research hypothesis 1 proposed as
above, this paper finally chooses four indexes, namely insurance
employee number, fixed asset investment, premium income,
and compensation expenses, to conduct efficiency evaluation on
insurance companies, wherein the insurance employee number
and fixed asset investment are two input indexes, and premium
income and compensation expenses are two output indexes. The
index selection and descriptive statistics is shown in Table 2.

Based on data envelopment analysis DEA-CCR model,
this paper calculates the operation efficiency of insurance
companies in China’s 25 provinces in the years of 2013 and
2015, and conducts regional classification according to regional
classification standards⑥, as shown in Table 3.

On the whole, in 2013 and 2015, the average technical
efficiency of the comprehensive scale of Chinese insurance
companies were not high, at 76.6 and 67.7%, respectively; this
shows that there might be resource waste to some degree in
the operation management of China’s insurance industry, with
large space of improvement in efficiency of insurance companies,
meaning that it is necessary to improve the development of the
insurance industry and make up for the deficiency. Compared to
2013, the technical efficiency of the comprehensive scale lowered
entirely. One reason might be that the insurance companies in
some of the provinces were influenced by external environment
or other factors, so that the improvement of industry technical
level was not obvious. On the other hand, this was also a wake-
up call to the insurance companies with low efficient value,
encouraging the companies to enhance business management,
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TABLE 1 | Description and assignment of the variables.

Variable Variable’s name Assignment

Dependent variable Purchase commercial health insurance Insurances Not purchased = 0, purchased = 1

Core independent variable Operating efficiency of insurance companies Efficiency Efficiency value of insurance company

Control variable Age Age The actual age of the rural population

Age squared Age2 The actual age squared of the rural population

Gender Gender Female = 0, male = 1

Marriage Marriage Unmarried = 0, married = 1

Education level Education Whether it’s high school/technical secondary school

or above: No = 0, yes = 1

Disease Diseases Are there any chronic diseases within 6 months: No

= 0, yes = 1

Health self-assessment Health From 1 to 5, the higher the better

Neighborhood relations Social From 1 to 5, the higher the better

Family size Family Number of rural households

TABLE 2 | Index selection and descriptive statistics.

Index variable Index description 2013 2015

Min Max Mean Std Min Max Mean Std

Invest-in index Number of insurance practitioners 1 26.1 124 6.4 1 45 21.4 6.4

Investment in fixed assets 2.1 159.4 47.4 37.9 4.5 150.8 50.5 37.1

Output index Premium income 93 1243 424 281 124 1502 588 355

Payouts 28 266 106 61 40 375 165 98

improve operation efficiency, and realize improvement of
technical efficiency on a comprehensive scale. It is worth
mentioning that the technical efficiency of comprehensive scale
of Shanxi, Jiangsu, and Henan in the years of 2013 and 2015 all
remained as 1, which meant that the development of insurance
industry in these provinces were steady.

From the view of the operation efficiency of insurance
companies in 2013, the technical efficiency of the comprehensive
scale in six provinces were 1, which meant that the resource
utilization and operationmanagement of insurance companies in
these provinces were good. Additionally, there were 11 provinces
with efficiency lower than 70%, among which, the operation
efficiency of insurance companies in Guangxi was the lowest,
at only 47.1%, which meant that these insurance companies
might have serious problems in technique or management. From
the view of efficiency in 2016, the operation efficiency of the
nation’s insurance companies was 67.7%, which slightly dropped
compared with 2013. The number of provinces with technical
efficiency on a comprehensive scale as 1 descended to 4 from
11, while the efficiency in most of the provinces had not reached
the ideal status, and there was still a large gap compared to the
valid efficiency. It is necessary for each insurance company to
analyze the problems in a timely manner, make corresponding
configurations and adjustments, improve operation efficiency,
and stimulate the further development of the insurance industry.

From the regional perspective, probably because of the
geographical advantages, the east and middle areas have a
relatively high technical efficiency of comprehensive scale, which
are 79.4 and 72.6%, respectively. While comparing with other

regions, the economy and population development of west and
northeast areas are in an inferior position, with relatively low
technical efficiency of comprehensive scale, 65.6 and 64.9%,
respectively. To sum up, the operation efficiency is high in the
north and low in the south, and low in the west and high in the
east. Therefore, in the west and northeast areas, it is necessary to
focus on the problems, draw on strengths of each area to improve
its own weakness, and pay attention to promote the operation
efficiency of insurance companies, so as to stimulate the orderly
and steady development of the insurance industry.

EMPIRICAL ANALYSIS

Designation of Models
Based on sample data features, this paper chooses to use
the Probit model to inspect whether the development of the
insurance industry would have influence on the purchasing
behavior of commercial health insurance among rural residents.
The variable explained as Y in the Probit model is a variable
0/1, which is f (X) = P(Y = 1). It is a non-linear model
following normal distribution. In other words, the probability of
Y = 1 is a function of X, wherein f (X) follows the standard
normal distribution.

The Probit model established in this paper is as function (1):

Pr(insurance = 1) = f (a + b ∗ Xi + r ∗ controls + εi)

Among this, i means different provinces. insurance shows
whether commercial health insurance is purchased in the survey
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TABLE 3 | Comprehensive scale technical efficiency value of insurance company.

Area Serial

number

Province 2013 2015 Mean

Eastern area 1 Beijing 0.612 0.586 0.599

2 Tianjin 0.729 1.000 0.865

3 Hebei 0.839 0.571 0.705

4 Shanghai 0.815 0.770 0.793

5 Jiangsu 1.000 1.000 1.000

6 Zhejiang 1.000 0.742 0.871

7 Fujian 0.750 0.632 0.691

8 Shandong 0.858 0.573 0.716

9 Guangdong 1.000 0.816 0.908

Mean 0.845 0.743 0.794

Central area 10 Shanxi 1.000 1.000 1.000

11 Anhui 0.579 0.600 0.590

12 Jiangxi 0.756 0.677 0.717

13 Henan 1.000 1.000 1.000

14 Hubei 0.524 0.447 0.486

15 Hunan 0.628 0.495 0.562

Mean 0.748 0.703 0.726

Western area 16 Guangxi 0.471 0.406 0.439

17 Chongqing 1.000 0.974 0.987

18 Sichuan 0.877 0.701 0.789

19 Guizhou 0.694 0.332 0.513

20 Yunnan 0.615 0.648 0.632

21 Shanxi 0.687 0.556 0.622

22 Gansu 0.636 0.579 0.608

Mean 0.711 0.599 0.656

North-eastern

area

23 Liaoning 0.737 0.528 0.633

24 Jilin 0.652 0.665 0.659

25 Heilongjiang 0.691 0.618 0.655

Mean 0.693 0.603 0.649

Total mean 0.766 0.677 0.721

samples, the variables being 0 or 1; Xi is the core explained
variable; controls is the above mentioned control variable; and εi
is the stochastic error term following normal distribution.

Benchmark Regression
The benchmark regression result of the development of the
insurance industry on the purchasing behavior of commercial
health insurance of rural residents is shown in Table 4, among
which, result (1) is the OLS regression only containing core
explained variables, result (2) is the OLS regression containing
core explained variables and all control variables, result (3) is
Probit regression only containing core explained variables, and
result (4) is the Probit regression containing core explained
variables and all control variables. According to the empirical
result, the efficiency index of insurance companies is positive, and
is significant under the level 1%, which means that in the overall
environment of insurance industry’s healthy development,
improving operation efficiency of insurance companies, namely

TABLE 4 | Basic regression results.

Variable’s name OLS regression Probit regression

(1) (2) (3) (4)

Efficiency of

insurance

companies

0.0307*** 0.0342*** 0.2268*** 0.2691***

(0.0120) (0.0127) (0.0892) (0.0988)

Age 0.0058*** 0.0368***

(0.0007) (0.0559)

Age squared −0.0000*** −0.0003***

(0.0000) (0.0005)

Gender −0.0122*** −0.0935***

(0.0040) (0.3158)

Marriage 0.0278*** 0.1893***

(0.0055) (0.4111)

Education level 0.0044 0.0287

(0.0066) (0.0501)

Disease 0.0138*** 0.1271***

(0.0057) (0.0489)

Health

self-assessment

−0.0013 −0.0107

(0.0017) (0.0139)

Neighborhood

relations

−0.0076*** −0.0591***

(0.0023) (0.0183)

Family size 0.0031*** 0.0245***

(0.0010) (0.0083)

Regional fixed

effect

No Yes No Yes

N 17,874 17,874 17,874 17,874

The coefficients in the table are marginal coefficients, standard errors are in parentheses;

*** indicates significance at the 1% level.

improving the development level of insurance industry, could
promote the insurance purchase of rural residents, which initially
verifies the research hypothesis 2 in this paper. This also means
that insurance companies should enhance companies’ business
capability, staff working capability, and emergency reaction
capability, and stimulate the development of insurance industry
in all aspects. As rural residents have limited knowledge on
insurance, if more convenient and efficient services could be
provided, rural residents will naturally have better acceptance
and cognition of insurance, which will bring better protection in
benefits of rural residents.

Additionally, the regression coefficient of the influence factors,
such as age, marriage, diseases, and household size, is also
positive, which means that they all have positive influence on
insurance purchase of rural residents. As the analysis of insurance
purchase factors in most of the literature shows, the older the
age, the greater the attention to health, so the greater the need
of insurance. Moreover, the square regression coefficient of age
is negative, which means that there is an inverted U-shaped
relationship between age and insurance purchase, and as the
age increases, the margin impact shows a downward trend.
According to the regression result, married residents are more
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likely to purchase insurance, and there is a similar influence
of household size on insurance purchasing. The reason for the
similar result of the two may originate from the influence of
the family environment. Married residents and those with a
large household size need to undertake more obligations than
others, so the protection of insurance is not only targeted to
individuals but also families. In the meantime, as a measurement
of health condition, diseases have obvious influence in insurance
purchasing. In order to get more favorable medical treatment and
better protection of life and health, residents with diseases tend
to purchase more insurance than healthy residents, especially
life insurance.

The regression indexes of gender and neighborhood
relationship are significant but negative, which means that they
have obvious negative influence in insurance purchase of rural
residents. From the regression result, the purchase behavior of
females is more than that of males, and many scholars have had
the same conclusion. Neighborhood relationship is a reflection
of social skills, which has a negative correlation with insurance
purchase in the research of this paper. Food neighborhood
means high social skills, which leads to less prominent insurance
needs; otherwise, there will be more contradiction and conflicts,
and there is no doubt that the life and property security would
undergo a bigger threat, which will increase the possibility
of insurance purchasing, using insurance to protect one’s
own safety.

Finally, it can be seen from Table 4 that the regression indexes
of education level and self-evaluation of health are positive and
negative, respectively, but without a significant result. This shows
that the two have, respectively, positive and negative correlation
with insurance purchase, but the influence degree is not high. The
above empirical results accord with the conclusions of related
literature, which shows that the higher the education level is,
the higher the possibility of insurance purchasing; the better the
health condition is, the lower the insurance purchasing desire is.

Robustness Test
In order to test the accuracy of benchmark regression, the related
variables data was processed again. First, the data of variables
being explained and control variables is replaced by the statistic
result of CFPS2016, then the data of core explained variables
is changed into operation efficiency of insurance companies in
different provinces in 2015, so as to measure the development
of the insurance industry. According to the new data statistic,
the data is put into benchmark regression model to conduct
a robustness test. The regression model and benchmark used
by the robustness test is the same, wherein results (1) and (3)
show the regression only containing core explained variables, and
results (2) and (4) show the regression containing core explained
variables and all control variables. The regression result is as
shown in Table 5.

From the regression result, the efficient index of insurance
companies is significantly positive, meaning that the operation
efficiency of insurance companies have obvious stimulation
function in insurance purchase of rural residents, which is
the same with the above content, and again verifies research

TABLE 5 | Robustness test regression results.

Variable’s name OLS Regression Probit Regression

(1) (2) (3) (4)

Efficiency of

insurance

companies

0.0466*** 0.0289*** 0.2210*** 0.2380***

(0.0177) (0.0111) (0.0844) (0.0865)

Age 0.0050*** 0.0328***

(0.0009) (0.0066)

Age squared −0.0000*** −0.0002***

(0.0000) (0.0006)

Gender −0.0085* −0.0706***

(0.0042) (0.0325)

Marriage 0.0433*** −0.2630***

(0.0066) (0.0464)

Education level 0.0006 0.0080*

(0.0118) (0.0660)

Disease 0.0315*** 0.2937***

(0.0060) (0.0624)

Health

self-assessment

−0.0026 −0.2142

(0.0019) (0.0145)

Neighborhood

relations

−0.1050*** −0.7848***

(0.0026) (0.0194)

Family size 0.0023*** 0.0156***

(0.0010) (0.0082)

Regional fixed

effect

No Yes No Yes

N 17,874 17,874 17,874 17,874

The coefficients in the table are marginal coefficients, standard errors are in parentheses;

*** and * indicates significance at the 1 and 10% level.

hypothesis 2. This proves robustness in the benchmark
regression model.

RESEARCH CONCLUSIONS AND
ENLIGHTENMENT

This paper investigates the operation efficiency of insurance
companies in China’s 25 provinces in the years of 2013 and
2015, analyzes in details the influence of the development
of insurance industry on purchasing behavior of commercial
health insurance among rural residents, and reaches three main
conclusions: (1) By studying the influence factors of insurance
purchasing among rural residents, it is discovered that the
development of the insurance industry has significant facilitation
of purchasing behavior of commercial health insurance among
rural residents. The higher the operation efficiency of an
insurance company is, the better the insurance industry
development is, and the greater the purchasing power of
rural residents is. (2) After analyzing the development of the
Chinese insurance industry, it is discovered that there are
differences in the development of insurance industry in different
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regions. In the meantime, the research shows that there are
situations such as resource waste and low technique level
in some insurance companies. The staff business capability,
working capability, and emergency reaction capability need to
be improved.

Based on the above research conclusions and the actual
situation in China, the following enlightenment is obtained in
this paper: First, at the same time as facilitating social security
construction, the country could provide more preferential
policy and guidance toward operation management of insurance
companies and help the industry to develop orderly and
steadily. In the meantime, it is important to focus on the
insurance needs of rural populations, popularize insurance
knowledge, and enhance grassroots ability to obtain cutting-edge
information and judgement of risk estimation, so as to ensure
that insurance guarantees are fully implemented. Second, it is
necessary for insurance companies to continuously improve
operation efficiency and promote the better development of
insurance industry. On one hand, it can achieve resource
allocation with maximum efficiency by taking full advantage of
company resources and equitable distribution, and correcting
the issue of resource waste; on the other hand, it can develop
online insurance and other new forms of business on the
basis of current business mode by improving company’s
innovation level, so as to increase premium income and

cultivate company’s competitiveness. At the same time, it is
necessary to formulate targeting policy measures to facilitate
healthy development of the insurance industry, according
to the actual development situation of different areas, and
combining the demand conditions of insurance among
local residents.
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This paper explores the necessity of expanding government expenditures on health

(GEH) from the perspective of promoting residents’ consumption (RC). It employs

bootstrap full- and subsample rolling-window Granger causality tests to investigate the

mutual causal influence betweenGEH and RC. It finds that GEH have a positive impact on

RC in some periods and a negative impact in other periods. The positive effect from GEH

to RC reveals that Chinese governments at all levels should continue to increase GEH,

narrow the gap between their medical and health investments and those of developed

countries’, directly reduce current medical expenses of residents, and increase the

immediate consumption of residents. However, this opinion cannot always be upheld

because a negative impact from GEH to RC also exists. The current paper shows that

the government should improve the efficiency of the use of health expenditures; effectively

shorten the time lag of government health fiscal policies; and promote the positive effect

of government health expenditures on RC.

Keywords: rolling window, bootstrap, government expenditure on health, consumption, time-varying causality

INTRODUCTION

High saving rate (relative to its GDP) of China used to be a hot issue worldwide and was blamed
for causing global trade imbalances. A widely held view is that despite remarkably high level of
growth of China, the share of residents’ consumption (RC) in the total expenditure has been low
and declining due to the high and still-rising saving rate of Chinese households, as uncertainty over
the provision of pensions, healthcare, and education costs have increased since the mid-1990s (1).
Increasing health expenditures leads to a large amount of precautionary savings. As a result, plenty
of income is saved rather than consumed, as individuals need savings to fight against uncertainty,
especially that relating to health problems. The lack of domestic consumption is believed to be one
of the major reasons for external imbalance problem of China. Government spending can be used
to stimulate RC. A shock to government direct expenditures has positive and relatively long-lasting
effects on private consumption and output (2). Heppke-Falk et al. (3) analyzed the effects of fiscal
policy in Germany on the basis of cash data and found that direct expenditures increase output
and private consumption on impact. Devereux, Head, and Lapham (4) studied the impact of
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government spending on the macroeconomy under the
assumption of increasing returns to scale and oligarchic
competition and found that an increase in government spending
will lead to an increase in the level of total output and that
an increase in the level of total output will lead to an increase
in the real wages of workers, which leads to the substitution
of consumption for leisure; thus, an increase in government
expenditures leads to an increase in private consumption.
Some empirical studies have identified a complementary
relationship between government expenditures and household
consumption. The strength of this complementary relationship
is negatively related to the size of the government. Increased
government expenditures will increase the marginal utility
level of household consumption, thereby increasing the level
of household consumption expenditures (5). However, the
effects from government expenditures to consumption are not
always positive. Bailey (6) studied the relationship between
government expenditures and private consumption and
concluded that there may be a certain substitution relationship
between government expenditures and private consumption,
i.e., the crowding-out effect. Government expenditures are
similar to an input in the private production process (7).
They have a positive consumption and output effect. A short-
term increase in government expenditures will lead to a
temporary increase in output and consumption; however, the
increase in output and consumption is less than that of the
government. Although, a long-term increase in government
expenditures still has a positive output and consumption effect,
this output and consumption effect is lower than the output and
consumption effect of an increase in government short-term
expenditures. There is a certain degree of crowding out of
consumption and output (8). Amano and Wirjanto (9) used the
relative price method to estimate the intertemporal elasticity
of substitution between US government expenditures and
household consumption. They believed that an increase of 1 unit
of government expenditure in the United States would lead to a
decrease of 0.9 units of household consumption. The relationship
between government expenditures and consumption can help
the government find a way to excavate consumption.

This paper explores the necessity of the government to
increase its expenditures on health to stimulate consumption.
First, consumption is affected by government expenditures
on health (GEH). Insufficient public health expenditures and
imperfect public medical systems will increase current medical
expenses of residents and reduce their disposable income. At
the same time, insufficient expenditures, and imperfect medical
systems will also increase risk expectations of residents and
thus their precautionary savings to prevent future disease
risks (10). After analyzing the panel data of 24 OECD
countries from 1990 to 2008, the International Monetary
Fund (IMF) reported that government health expenditures
comprise an important factor in determining the household
savings rate; every increase of one yuan in health expenditures
by the government will boost the consumption of urban
residents by two yuan (11). For another, GEH may be
triggered by the fluctuations in RC. However, the interaction
mechanism between GEH and RC may shift with time,

which may be quite different from the findings of prior
studies. Previous studies have seldom focused on the time-
varying factor of parameters, but this problem is worth
serious attention.

The current study differs from earlier literature in the
following aspects. First, since the reform and opening up, a very
prominent phenomenon in China has been the low consumption
rate and high investment rate (12). The economy in China
has long faced bottlenecks in consumption, the imperfection
of the social security systems is an important constraint (13),
and public health care is an important part of social security.
The basic social medical insurance system is mainly funded
by the government, with payments from enterprises lagging
behind. In contrast to maximizing their own objectives, hospitals
do not have strong incentives to provide quality care at
the lowest cost. As a result, the price of medical care is
higher than it needs to be, which places a heavy burden on
individuals (14). Insufficient government spending on public
health may be one of the factors that has contributed to the
low consumption rate of Chinese residents in recent years. Thus,
analyzing the relationship between public health expenditures
and consumption can not only present a new perspective for
explaining low consumption rate of China but also provide a
reference for the government to optimize the layout of medical
and health expenditure structures and deepenmedical and health
reform. Second, this study contributes the use of bootstrap
subsample rolling-window causality test to reveal the time-
varying causality between GEH and consumption, while previous
studies have merely applied the full-sample causality test. It is
assumed that single causality is preserved in all periods, which is
the limitation of the full-sample causality test. The current study
can provide suggestions for the government to invest in the field
of public health at a suitable time using the full- and subsample
rolling-window test.

This paper proceeds as follows. Section Literature
Review describes the literature review. Section Government
Expenditure and RC discusses the theoretical model of
government expenditure and RC. Section Methodology
describes the methodology, and Section Data contains
the data. Section Empirical Results provides the
empirical findings. Section Conclusion provides
the conclusion.

LITERATURE REVIEW

Many discussions have emerged in the previous literature
regarding the necessity of increasing government social spending
to lower the level of precautionary savings and thus increase
consumption. Some studies support the opinion that government
spending on health has a positive impact on household behavior.
Barnett and Brooks (15) found that each additional yuan
in GEH could increase urban consumption by 2 yuan. The
reason for this is that higher GEH reduces household savings.
Therefore, the government should broaden the coverage of
public health care. Baldacci and Callegari (16) conducted a
survey of Chinese household income and discovered that an
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increase in government social expenditures can make household
consumption in China move in the same direction. The study
revealed that a 1% of GDP increase in public expenditures
would bring a 1.25% of GDP increase in household consumption,
supposing that public expenditure is equally distributed in
education, health, and pension. Chou et al. (17) pointed out that
by reducing the risk of large out-of-pocket medical expenses,
comprehensive social health insurance may reduce household
motivation to engage in precautionary behaviors such as saving.
However, this view is not always upheld. Yang et al. (18) used
the panel data of 27 provinces in China (except Beijing and
Shanghai) and found that public expenditures on health have a
positive impact on the consumption tendency of rural residents
in the eastern region but a negative impact in the central region.
Meanwhile, such expenditures were found to have no significant
impact on consumption propensity of Western farmers. Wang
(19) used data from the Inner Mongolia Autonomous Region
and established an empirical model to study the impact of
public expenditures on health, education, and social security
on the consumption rate of ethnic minorities; the analysis
showed a trend of first increasing and then decreasing. Using
data for the Spanish economy, Fernández and Hernández de
Cos (20) found a positive relationship between government
expenditures and output in the short term; however, in the
medium and long term, public spending expansionary shocks
were found to instead be associated with higher inflation and
lower output.

The way in which RC influences GEH can be explained from
the perspective of taxes. China has formed a tax revenue structure
with a turnover tax as the main body. The turnover tax revenue
must be derived from consumption because the bearer of the
turnover tax burden is the ultimate consumer. Retail sales of
social consumer goods, sales of production materials, and total
imports are the “troika” that form tax revenue, but the three
make different contributions to tax revenue. In terms of value-
added tax alone, the contribution rate of wholesale and retail
sales value-added to value-added tax is 10–20%, and the growth
rate of value-added tax revenue is faster than the growth rate of
sales value-added. If a consumption tax is included, the retail
sales of consumer goods will make a greater contribution to
tax revenue. The contribution of production sales to the value-
added tax has always been∼5%; the contribution of import trade
to the value-added tax revenue is ∼9%, and the contribution
to the consumption tax is ∼0.1%. The total of the two is
<10%. In other words, wholesale and retail sales contribute
the most to tax revenue, followed by import trade volume,
and production sales contribute the least. Therefore, from the
perspective of increasing tax revenue, it is undoubtedly more
effective to stimulate domestic social consumption and increase
wholesale and retail sales. Jiang (21) also showed that expanding
the total sales of final consumer goods in the market and
stimulating total social consumption will make an indispensable
contribution to tax revenue. This outcome indicates that tax
expenditures comprise an instrument i.e., frequently used when
a government wishes to achieve certain economic and social
effects (22). Hence, consumption may have an impact on
government expenditures.

GOVERNMENT EXPENDITURE AND RC

We use the theoretical model constructed by Liu and Wang
(23) to explain the relationship between the government
expenditures and RC. Assume that national income Y consists of
four sectors: residents’ consumption RCt , corporate investment
CIt , government expenditure GEt , and international trade net
export INX0.

Therefore, national income can be expressed as follows:

Yt = RCt + CIt + GEt + INX0 (1)

Residents’ consumption CIt+1 in the next period comes from the
national income of the previous period Yt . Therefore, RCt+1 can
be regarded as a function of the national income of the previous
period Y. For simplicity, it is assumed that the two maintain a
strict proportional relationship, which is as follows:

RCt+1 = ωYt (2)

where ω is the proportion of RC of national income in period t,
i.e., marginal propensity of residents to consume, and it is subject
to ω ǫ (0,1).

Enterprise investment is a function of consumer spending
propensity of residents. As a leading variable, assume that
enterprise investment in period t and the increase in enterprise
consumption (the difference between consumption in period t
and period t-1) are in a fixed proportion, as follows:

CIt = µ(RCt − RCt−1) (3)

where µ is the fixed ratio between the investment amount of the
enterprise and the incremental consumption of the enterprise,
and it is subject to (0,+∞).

Government expenditures have played an increasingly
important role in increasing or decreasing the national income.
Therefore, residents pay more attention to the impact of
government expenditures on their own consumption every year,
and they anticipate their own consumption in the next period
based on government expenditures in the previous period (24).
RCt+1 can be expressed as follows:

RCt+1 = RCt + β(GEt − GE∗) (4)

Where, β is the marginal tendency of government expenditure,
and it obeys β ǫ(0,1). GE∗ is the expected value of government
expenditure of residents, and the expected value remains
constant for a certain period of time. When the actual value of
GE∗ is greater than the expected value, according to Equation
(4), residents will reduce their propensity to consume in the next
period; when the actual value of GE∗ is less than the expected
value, according to Equation (4), residents will increase their
propensity to consume in the next period. Suppose the net
exports of the international trade sector INX0 are constant.

Combining (1), (2), and (3) and eliminating Yt and CIt ,
we obtain:

RCt+1

ω
= RCt + µ (RCt − RCt−1) + GEt + INX0 (5)
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Subtract RCt from both sides of equation (5), we get:

RCt+1 − RCt = (ω − 1)RCt + µ ω (RCt − RCt−1) + ωGEt (6)

Substituting equation (4) into equation (6) and combining
similar terms, we obtain:

RCt −
ωµ

ωµ + ω − 1
RCt−1 +

ω − β

ωµ + µ − 1
GEt

+
β

ωµ + ω − 1
GE∗ +

ω

ωµ + ω − 1
INX0 = 0 (7)

Equation (7) is a first-order difference equation about RCt , and
its cosine solution and special solution are as follows:

RCt = M(
ωµ

ωµ + ω − 1
)
t
+

β − ω

ω − 1
GEt −

β

ω − 1
GE∗

−
ω

ω − 1
INX0 (8)

Where,M = RC0 −
β−ω
ω−1GE0 +

β
ω−1GE

∗ + ω
ω−1 INX0.

From equation (9), it can be seen that the equation on the left
is the consumption of the consumers in period t, and the equation
on the right is divided into two parts. The first half of the equation

on the right, M( ωµ

ωµ+ω−1 )
t
, represents the degree of deviation of

RC from the equilibrium position on the time path. The second
half of the equation on the right, β−ω

ω−1GEt−
β

ω−1GE
∗− ω

ω−1 INX0,
represents the intertemporal equilibrium level of RC, and the last
two items are constant.

It can be seen from ωµ

ωµ+ω−1 that because ω − 1 < 0,
ωµ

ωµ+ω−1 ∈ (0, 1). Therefore, when t → ∞, M( ωµ

ωµ+ω−1 )
t
→ 0.

Its economic significance is that residents will smoothly converge

to β−ω
ω−1GEt−

β
ω−1GE

∗− ω
ω−1 INX0 in an infinite period. Therefore,

when t → ∞, RCt can be expressed as follows:

RCt =
β − ω

ω − 1
GEt −

β

ω − 1
GE∗ −

ω

ω − 1
INX0 (9)

Therefore, government expenditure has a stable and continuous
positive effect on RC.

METHODOLOGY

Bootstrap Full-Sample Causality Test
In the case of the violation of stationarity of the standard
causality, an asymptotic distribution does not hold. The
estimation of the VAR model is difficult in the absence of a
standard asymptotic distribution (25, 26). This problem can be
solved by following Shukur and Mantalos (27), who indicated
that the residual-based bootstrap (RB) method can be used to
improve critical values in power and size. In addition, Shukur and
Mantalos (28) also proved that small sample revised likelihood-
ratio (LR) tests exhibit relatively better power and size. Hence,
this paper resorts to the RB-based modified-LR statistic to
examine the causality between GEH and RC in China. For the

manifestation of the RB-basedmodified-LR causality test, we deal
with the bivariate VAR (p) process as follows:

Xt = λ0 + λ1Xt−1 + . . . + λpXt−p + λt

t = 1, 2, . . . . . . ,T (10)

When processing subsamples, the RB-based modified-LR
technique manifests well-performing characteristics. This study
applies the Schwarz Information Criterion to select the optimal
lag p. We separate Xt into (X1t , X2t)’ and rewrite equation (11)
as follows:

[

GEHt

RCt

]

=

[

λ10
λ20

]

+

[

λ11(L) λ12(L)
λ21(L) λ22(L)

] [

GEHt

RCt

]

+

[

ε1t
ε2t

]

(11)

where εt = (ε1t , ε2t)
′ is a white-noise process with zero mean

and covariance matrix: λij (L) =
∑p

k=1
λij,kL

k, i, j = 1, 2 and L

is a lag operator determined as LkXt = Xt− k.
The null hypothesis is trialed by imposing the limitation

λ12,k = 0 for k = 1, 2, . . . , p. Analogously, the opposite null
hypothesis that GEH does not cause RC is tested by imposing the
restriction, λ21,k = 0 for k = 1, 2, . . . , p. The first null hypothesis
will be rejected if RC has an impact on GEH, and vice versa.

Parameter Stability Test
This test indicates that a solitary causality exists between GEH
and RC in the full-sample period. This is because of the parameter
constancy presumption. However, there may be an error in the
estimated outcome made under this presumption. It is possible
that structural changes may occur in the time series. The Sup-F,
Mean-F, and Exp-F tests exploited by Andrews (29), andAndrews
and Ploberger (30) can be used to solve this difficulty. A study by
Nyblom (31) found that to assess the parameter constancy of a
VAR system, the Lc test can be employed as a tool to estimate the
chronology of LR statistics.

Bootstrap Subsample Rolling-Window
Causality Test
The rolling-window bootstrap method is utilized to overcome
the above problems. This technique is suitable if there is a time-
varying character (32, 33) in the causality between GEH and RC.
Meanwhile, non-constancy over non-identical subsamples can be
noticed using this method (34). The rolling-window technique
divides small samples that are rolled sequentially from the start
to the end of the full sample. Since the subsamples are of fixed
size, the full sample can be transformed into T-l subsamples
if a fixed-size window contains l observations. The RB-based
modified-LR causality test is conducted on every subsample. The
possible changes in the causality between GEH and RC can be
observed by collecting the bootstrap p-values and LR statistics
rolling through T-l subsamples. The effect from RC to GEH is
determined by N−1

b

∑ p

k=1
λ̂∗
12,k

. Similarly, the effect from GEH

to RC is defined as N−1
b

∑ p

k=1
λ̂∗
21,k

, where Nb is the number

of bootstrap repetitions. Both λ̂∗
12,k

and λ̂∗
21,k

are estimations of
equation (12). We use 90-percent confidence intervals and keep
out the lower 5th and upper 5th quantiles of λ̂∗

12,k
and λ̂∗

21,k
,

according to Balcilar et al. (35).
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DATA

In this study, we use monthly data covering the period from
2009:M1 to 2020:M12 to explore whether GEH should be
spent to increase RC; we selected this period, because the new
medical reform was published in 2009 and spread rapidly to
all of China. The specific contents of the Opinions of the
Central Committee of the Communist Party of China and
the State Council on Deepening the Reform of the Medical
and Health System (Zhongfa [2009] No. 6) are as follows:
First, fully understand the importance, urgency and arduousness
of deepening the reform of the medical and health system.
Second, deepen the guiding ideology, basic principles and
overall goals of the medical and health system reform. Third,
deepen the overall goal of the medical and health system
reform. Establish and improve the basic medical and health
system covering urban and rural residents, and provide the
people with safe, effective, convenient, and inexpensive medical
and health services. Since then, a series of medical reforms
have occurred around China. In July 2011, the State Council
issued a document entitled “Directions on the Establishment
of the General Practitioner System.” This document lists
principles for establishing the new system to ensure the quality
of general practitioners, with a focus on improving their
capabilities in clinical practice, standardizing criteria for their
training, and creating strict requirements for their licensure and
certification. The next phase of reforms, which was announced
in detail in 2012, was intended to further deepen the 2009
reforms by enriching insurance benefits, improving portability,
encouraging private sector delivery, reforming county-level
hospitals, extending the essential medications system to private
primary care providers, and further, strengthening population
health initiatives. From 2016 to 2017, nationwide networking and
cross-provincial medical settlement work in different places was
solidly promoted, which provided a better information platform
for the comprehensive promotion of integration. In March 2018,
the National People’s Congress decided that the State Council
should establish a “National Medical Security Administration,”
which aims to integrate the medical insurance management
functions divided into the Human Resources and Social Security
Department, the Health and Family Planning Commission, the
Development and Reform Commission, and the Civil Affairs
Department to form a “major ministry system” management
system. In 2019, a reform of the medical insurance system
nationwide aimed to “promote the in-depth integration of urban
and rural medical insurance, improve the quality of operation,
and enhance the security function.” This article uses monthly
medical and health expenditures to measure GEH and the total
retail sales of social consumer goods to measure RC. To eliminate
potential non-stationary, GEH and RC are transformed by taking
their natural logarithms and first differences. All the data were
collected from the National Bureau of Statistics of China (NBSC).

Residents’ consumption changes in the same orientation as
that of GEH during the majority of the period. The government
announced to the public that increasing fiscal subsidies would be
used to meet the basic medical demand starting with the medical
reform in 2009; this means that an investment of 850 million

TABLE 1 | Descriptive statistics for GEH and RC.

GEH RC

Observations 144 144

Mean 675.357 18901.45

Median 569.215 17983.15

Maximum 2541.200 35893.5

Minimum 58.420 6672.5

Standard deviation 504.579 8161.891

Skewness 1.284 0.255

Kurtosis 4.689 1.913

Jarque-Bera 56.701*** 8.650**

**Donates significance at the 5% level.

***Denotes significance at the 1% level.

Source: Authors’ Calculations.

TABLE 2 | Full-sample Granger causality tests.

Tests H0: GEH does not

Granger cause RC

H0: RC does not

Granger cause GEH

Statistics p-value Statistics p-value

Bootstrap LR test 0.439 0.791 15.229*** 0.000

***Donates significance at the 5% level.

We calculate the p-value using 10,000 bootstrap repetitions.

Source: Authors’ Calculations.

was released by the government in year 1 or 2 to deepen the
reform. Medical pilot experiments were carried out in hospitals,
and access to public medical services was made more equal. The
GEH rose as a result of this increase.

On the other hand, RC did not rise in all periods with GEH.
GEH declined during 2015, but RC gently rose. The main reason
behind this outcome was the outbreak of the global economic
crisis in 2015. Therefore, the interlinkage of GEH and RC may
vary over time. Table 1 presents the descriptive statistics for GEH
and RC. The skewness statistics are all positive. The relevant
kurtosis statistics show that the series of GEH has fat tails. In
addition, the JB tests of GEH and RC reject the null hypothesis
of normal distribution. Hence, it would be misleading to use the
traditional Granger causality test. Meanwhile, the full-sample test
will lose effectiveness when estimating parameters if the variable
has a non-normal distribution. Therefore, we use the bootstrap
rolling-window technique to examine the subsamples to solve
these problems.

EMPIRICAL RESULTS

Bootstrap Full-Sample Causality Test
In this study, we use the VAR model, which is based on equation
(12), to examine the causality of GEH and RC. The optimal lag
order obtained from the Schwarz Information Criteria (SIC) is 2.
We conduct the full-sample tests, and the corresponding results
are reported in Table 2. The test results show that GEH does not
Granger cause RC according to the bootstrap p-values, which
is inconsistent with previous research results (2, 14) and the
theoretical model in Section Government Expenditure and RC.
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TABLE 3 | The results of parameter stability test.

Tests GEH RC VAR system

Statistics p-value Statistics p-value Statistics p-value

Sup-F 32.774*** 0.000 41.138*** 0.000 54.259*** 0.000

Ave-F 19.702*** 0.000 21.251*** 0.000 28.295*** 0.000

Exp-F 12.588*** 0.000 17.756*** 0.000 23.314*** 0.000

Lc 0.6974 0.3712

We calculate the p-value using 10,000 bootstrap repetitions.

***Denote significance at the 1 and 10% levels, respectively.

Source: Authors’ Calculations.

Parameter Stability Test
A single causal relationship across the entire sample period is
considered due to the fixed values of parameters. However, the
assumption of parameter constancy does not hold in the presence
of structural changes. The results are no longer valid, and the
causal link becomes unstable (36). Parameter instability is amajor
problem (37), and the causality between GEH and RC may vary
over time. This study introduced the Sup-F, Ave-F, and Exp-F
tests to puzzle out the difficulty. The Lc (38, 39) test can be
used to test for all parameters in the overall VAR system. The
corresponding results are represented in Table 3.

As presented in Table 3, structural changes exist in GEH as
well as RC. The Ave-F test indicates that there exists one sharp
shift in the VAR system at a significance of 1%. Moreover, the
results from the Exp-F test indicate that the parameters may
evolve at a significance level of 1% in the VAR system. The Lc
test indicates that the overall parameter of the system is constant.
During the time series of GEH and RC, the parameters are
significantly non-constant according to the Sup-F, Ave-F, and
Exp-F statistics. This is not in accordance with the results of
the full-sample causality test. Therefore, exerting the RB-based
subsample test is necessary.

Bootstrap Subsample Rolling-Window
Causality Test
The p-values were calculated in equation (12) using the rolling
subsample data. The null hypothesis of RB-based modified-LR
causality tests is that GEH does not Granger cause RC, and
vice versa. It is important to choose an appropriate window size
(40, 41). The window size needs to be large to obtain reliable
results because the results may be imprecise when the window
size is too small. On the other hand, the number of scrolls will be
reduced if the window size is too large. In summary, a window
width of 24 months is selected (42).

Results and Discussion
The bootstrap probability value is presented in Figure 1.
GEH affects RC during the periods of 2011:M2–2012:M2,
2012:M6–2014:M8, 2017:M1–2017:M10, and 2018:M1–2018:M9.
The orientation of the impact from GEH to RC is presented
in Figure 2. The positive effects are in the periods of 2011:M2–
2012:M2, and 2012:M6–2014:M8, while the negative effects are
in the periods of 2017:M1–2017:M10 and 2018:M1–2018:M9.

There are several periods of positive effects. GEH can be
shown to increase RC in these periods. During 2011:M2–2012:

M2, there were plenty of medical reforms, including urban
community health service organization construction, the
completion of the rural three-level health service network,
and the improvement of the supply and safety supervision
system of essential medicines, which may be the reasons that
higher health spending reduced the level of precautionary
savings in this period. In turn, a lower cost on health will
cause a higher budget for other spending and thus lead to a
rise in RC (43). In contrast, when GEH has been reduced, RC
has declined as well. The positive association between GEH
and RC in 2011:M2–2012:M2 confirms the conclusions of
previous studies (44). This is also the case in another period. In
2012:M6–2014:M8, there were many medical reforms around
China, such as hierarchical diagnosis and multipoint practice,
an increase in resident medical insurance, new rural cooperative
medical insurance subsidies, the consolidation of the essential
drug system, and the development of critical illness medical
insurance. Consequently, we can conclude that GEH can raise
consumption. This result supports the theoretical model in
Section Government Expenditure and RC. For this reason,
GEH are seen to have increased RC during 2011:M2–2012:M2
and 2012:M6–2014:M8.

There are twomajor reasons for the periods of negative effects.
One is the economic sanction (2017:M1–2017:M10), and the
other is the outbreak of the Sino–U.S. trade war (2018:M1–
2018:M9). In 2017:M1–2017:M10, the GEH continued to grow,
but RC was at a relatively low level. This phenomenon can be
explained by the economic relationship between United States
and China. The U.S.–China trade imbalance was a prime concern
of President Trump ever since his election campaign in 2015.
The large imbalance has caused considerable pressure on U.S.–
China trade relations. The impacts of imports from China on
U.S. domestic employment are a major concern (10). The study
of Autor et al. (45) indicated that exposure to imports from
China exerts a negative influence on the U.S.’s manufacturing
employment. As pledged in the presidential election, President
Trump aimed to revitalize U.S. manufacturing (46) and retain
jobs in the United States by reducing the Sino–U.S. trade
imbalance (47).

Therefore, a series of enterprise collapses or redundancies
occurred in China. This led to a low level of consumption.
Hence, during particular high levels of GEH, a low level of RC
can be explained by the influence of the Sino–U.S. economic
relationship rather than by GEH. Despite the indicated high level
of GEH, the RC still remained low due to the impact of the
economic policies that America exerted on China rather than
due to GEH. In 2018:M1–2018:M9, the United States and China
were locked in a trade confrontation that featured huge tariffs
(48). Appreciations in the USD against the target currency and
the downside risk (49, 50) of the global economy caused by the
trade war (51) were the possible factors driving this phenomenon.
Thus, we can see that RC has not risen under the influence of
GEH; in contrast, in the case presented herein, we can see that it
has fallen. Thus, a negative effect exists from GEH to RC. We can
observe that despite the high level of GEH, RC did not increase
due to economic reasons. As a result, GEH should not be seen as
expanding during the period of 2018:M1–2018:M9. The negative
influence from GEH to RC conflicts with the outcome of the
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FIGURE 1 | Bootstrap p-values of rolling test statistic testing the null hypothesis that GEH does not Granger cause RC.

FIGURE 2 | Bootstrap estimates of the sum of the rolling-window coefficients for the impact of GEH on RC.

theoretical model discussed in Section Government Expenditure
and RC.

The bootstrap probability value is presented in Figure 3.
RC affects GEH during the periods of 2011:M2–2011:M7 and
2019:M12–2020:M12. The orientation of the impact from RC to
GEH is presented in Figure 4.

In the period of 2019:M12–2020:M12, the impact from RC to
GEH was negative. GEH rose sharply in this period. In contrast,

RC decreased rapidly at the end of 2019 and the beginning of
2020, while GEH continued to rise. Therefore, RC can be seen to
cause GEH to move adversely.

In summary, the linkage between GEH and RC is not always
consistent. Using the rolling-window causality test method, we
confirm that time-varying characteristics exist in these two
variables. Meanwhile, the issue of parameter non-constancy is
overcome by this method. The matter of whether GEH should
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FIGURE 3 | Bootstrap p-values of rolling test statistic testing the null hypothesis that RC does not Granger cause GEH.

FIGURE 4 | Bootstrap estimates of the sum of the rolling-window coefficients for the impact of RC on GEH.

be expanded to stimulate RC cannot draw a definite conclusion.
RC will move in the same direction as that of GEH in some
periods, while this is not the case in some periods. Some factors,
such as the economic sanctions from United States and the Sino–
U.S. trade war, also play an important role in influencing RC,
which does not sustain the theoretical model discussed in Section
Government Expenditure and RC. In contrast, if RC subsides,
GEH will rise as a result.

CONCLUSION

This paper tests the causality between GEH and RC using the

rolling-window bootstrap test method. We certify the instability

and the structural changes of the causality using the subsample

because there is non-causal causality in the full-sample test.

Furthermore, we examine the bidirectional relationship and
identify the structural changes. There are both significant
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positive and negative time-varying effects, according to the
abovementioned tests. The positive influence demonstrates that
a high level of GEH increases RC, because Chinese people like
to save in a precautionary manner. Therefore, it is necessary to
increase GEH to reduce pressure of residents regarding medical
expenses. Nevertheless, RC is affected by not only GEH but
also some other economic factors. These recorded results cannot
sustain the theoretical model provided in Section Government
Expenditure and RC, which claims that RC is positively affected
by GEH. Conversely, the negative impact from RC to GEH
may indicate that sluggish consumption is the reason for the
government to expand its spending. Generally, GEH does have
influence on RC. However, GEH should not always be increased
in order to stimulate consumption because economic factors
such as the national economic situation also have an impact
on RC. Therefore, in determining whether to expand GEH
to stimulate domestic demand, further, considerations need to
be taken into account. Exploring the necessity of increasing
GEH and more detailed correlations between GEH and RC
could generate recommendations for governments. China is at
a critical stage of deepening medical reform; thus, studying the
relationship between GEH and RC can be more conducive to
promoting the new medical reform from the perspective of social

and economic development. Governments can effectively use
public expenditures to reduce precautionary savings and thus
increase domestic consumption.
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This paper uses panel data from inland provinces of China to perform a fixed effect

regression and finds that the development of the digital economy has a significant

promotional effect on the health of residents. Then, the population ageing rate is further

used as a threshold variable for a threshold regression, and the relationship between

the development of the digital economy and the health of residents from the perspective

of ageing is discussed. The empirical results show that the ageing of the population

will reduce the role of the digital economy in promoting residents’ health. There is a

non-linear single threshold effect between the development of the digital economy and

residents’ health indicators. In areas of China with a better developed digital economy,

when the ageing rate exceeds the threshold, the positive impact of the development of

the digital economy on population health has increased compared with the population

ageing below the threshold. These asymmetric developments are closely related to

economic development, historical and cultural factors, and policies formulated by the

government. Therefore, as the digital economy continues to advance, the government

should also provide health services fairly and efficiently, and formulate effective Internet

assistance policies for the elderly so that the development of the digital economy can

more comprehensively promote the health of residents of all ages.

Keywords: digital economy, resident’ health, population ageing, fixed effect regression model, panel threshold

regression model

INTRODUCTION

This paper aims to explore whether the development of the digital economy (measured by the
growth rate of Internet users and the Internet penetration rate) will affect the health of residents
(measured by the malnutrition rate of children under 5 years old) under the general background
of population ageing, and whether there will there be structural changes in the effect of the
development of the digital economy on the health of residents as the ageing of the population
intensifies. With the rapid development of new-generation technologies such as the Internet, cloud
computing, and big data in various fields (1), human society is entering a new historical stage
marked by digital productivity. The concept of the digital economy was formally proposed by
“The Emerging Digital Economy” report issued by the U.S. Department of Commerce in 1998.
Different organisations and countries combined their own external environment and other factors
to further interpret the digital economy. The OECD believes that the digital economy is based on
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electronics commodities and trade services for business. In 2019,
China’s digital economy totalled 3.58 billion yuan, accounting
for 36.2% of the country’s total GDP; and it has become one
of the important engines of China’s economic development.
With the improvement of residents’ living standards and the
intensification of the ageing population, the problems of “difficult
to see a doctor” and “expensive treatment” are common
worldwide. In order to obtain health information, prevent
diseases and receive medical services more conveniently, Chinese
residents have a high acceptance of using platforms such as
the Internet to seek medical treatment. The 43rd Statistical
Report on Internet Development in China shows that 19.2% of
Chinese non-real-name users are willing to use the Internet to
obtain professional medical information and services. Figure 1
shows the relationship between the development of the digital
economy and the health of residents. Figure 1 shows that
there is an obvious “scissors gap” between the rate of severe
malnutrition of children under 5 years old, which measures the
health of residents; and the growth rate of Internet penetration,
which measures the development of the digital economy. The
relationship between the mortality rate and the growth rate of
Internet users is similar, which indicates that there may be a
significant positive correlation between the development of the
digital economy and the health of residents. The application of
big data technology can more accurately locate the health care
needs of residents through data analysis. The combination of
platforms such as the Internet and those used by medical and
health industries can improve the efficiency and reduce the costs
of medical treatment. The rapid development of the Internet
of Things and other fields guarantees the timely distribution of
subsequent medical products, and the health of residents can
obtain systematic, full-cycle, and customised services, thereby
improving the health of residents (2, 3).

FIGURE 1 | The impact of the digital economy on residents’ health.

Population ageing is an important trend in social development
and a global phenomenon. In 2019, China’s ageing rate was
11%, and the dependency ratio of the elderly population had
increased to 19.6%, which means that one elderly person needs
five working-age people to bear the burden. Furthermore, the
ageing rate in developed countries such as Japan, Germany, and
the United States has reached 27, 21, and 15%, respectively. The
ageing trend of the population is putting increasing pressure
on the medical and health system, especially in developing
countries where the economy is in urgent need of development.
Generally, the medical system in developing countries is more
fragile than in developed countries, and the development of
the digital economy is facing technical bottlenecks. Therefore,
it is more difficult to promote the health of residents through
digital economic development in developing countries than
in developed countries. However, the successful application
of the digital economy in the field of health and hygiene
in developing countries will theoretically achieve more utility
than in developed countries. First, the elderly can learn about
and obtain professional medical services and products through
platforms such as the Internet and the Internet of Things,
thereby breaking the monopoly of medical institutions. Second,
technologies such as big data, cloud computing, and the
Internet are more powerful than traditional algorithms (4),
and can more accurately locate the physical and psychological
needs of the elderly. It is conducive to the elderly to acquire
health care knowledge and participate in social interaction
(5), thereby increasing their health knowledge and alleviating
their loneliness, which is conducive to the improvement of the
health of the elderly. Furthermore, the elderly no longer have
to go to the hospital for minor illnesses, which can effectively
save social resources. Therefore, the combination of digital
economy platforms such as the Internet and health and sanitation

Frontiers in Public Health | www.frontiersin.org 2 July 2021 | Volume 9 | Article 725971225

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


You et al. Health Impact of Digital Economy

industries can effectively strengthen the medical system in
developing countries.

Like nature (6), technology, culture and other factors, the
health of residents as a measure of population quality is an
important prerequisite for national economic stability. Although
there is a relatively intuitive and positive relationship between the
development of the digital economy and the health of residents
in the context of population ageing, it cannot be ignored that the
Internet, as one of the main platforms of the digital economy,
will cause sleep deprivation among people who are excessively
addicted to the it and negatively affect the bodies of people with
suboptimal-health (7). Therefore, does the rapid development of
the digital economy have a statistically significant positive impact
on the health of residents? What is the impact? In addition, in a
sample from China, as the ageing of the population intensifies,
is there any structural change in the impact of the development
of the digital economy on the health of residents? Based on
this, the marginal contributions of this paper are follows. First,
based on the empirical results of Chinese samples, it is found
that the digital economy has a significant positive impact on
the health of residents. Second, in the context of population
ageing, the positive impact of the development of the digital
economy on the health of residents has declined, which indicates
that the elderly has insufficient use of digital economy related
products due to the solidification of living habits and the decline
in learning ability. Third, as the population ageing process
continues to intensify, there are structural changes in the impact
of digital economic development on the health of residents, and
regions with different economic development levels and digital
economic development levels have different impact sizes and
structural changes. This mainly shows that the higher the level
of economic development and the better the development of the
digital economy are, the more obvious the promotional effect of
the region.

The structure of the remainder of this paper is as follows.
Section Literature Review reviews the existing literature and
section Health Capital and the Demand for a Health Model With
a Digital Economy uses the demand for the health model to
briefly describe the theoretical mechanism. Section Methodology
introduces the empirical method. Section Data shows empirical
data and variables. Section Empirical results analyses the
empirical results. Section Conclusions is the concluding remarks.

LITERATURE REVIEW

The digital economy refers to the realisation of the recognition,
selection, filtering, storage and use of digital knowledge
and information based on the Internet and other network
infrastructures, so as to realise the economic form of high-quality
economic development. The development and popularisation
of the digital economy are the trend and inevitable result
of scientific and technological progress. Many scholars at
home and abroad have discussed the relationship between the
development of the digital economy and the health of residents
and have mainly formed the three major viewpoints of health
promotion, technical pressure and indirect relationship. Among

these viewpoints, the theory of health promotion believes that
users of digital economy technology tend to have better physical
and mental health and medical decision-making capabilities.
Hong et al. (8) and Wangberg et al. (9) found that Internet use
has a significant positive effect on self-rated health. Tasi et al.
(10) found that residents who frequently use the Internet have
a lower probability of suffering from depression. Minto et al.
(11) and Sami et al. (12) found that frequent Internet use can
relieve anxiety in patients with cardiomyopathy. Technological
stress theory refers to adaptive diseases caused by the inability to
handle Internet technology in a healthy way (13), such as Internet
addiction. Allcott et al. (14) detected that excessive Internet use
will increase the health risks of users. Long-term Internet use
can lead to anxiety (15), a lack of sleep (16) and depression (17);
it is particularly serious in Asian regions such as South Korea
and China (18, 19). Indirect relationship theory believes that the
Internet and other network infrastructures are self-selected by
users and that use of the Internet and other platforms actually
reflects the role of socioeconomic education and does not directly
affect health (20). Most of the views in the existing literature tend
to be that the development of the digital economy plays a role
in promoting the health of residents. The view of technological
pressure can be summarised as the rational use of technology
platforms such as the Internet or the degree of use. Everything
has two sides, and digital development is obviously no exception.
The rational use of the convenience brought by the development
of the digital economy will help promote the health of residents.

According to the existing literature, the mechanism of the
impact of the development of the digital economy on the health
of residents is roughly investigated from the perspectives of
information acquisition and interpersonal communication. The
information acquisition mechanism means that the development
of the digital economy provides diversified and accessible
platforms for the acquisition of health information. Residents can
inquire about health knowledge through the Internet, complete
medical treatment through online contactless consultation,
participate in offline drug delivery, etc. to improve their health.
According to McMullan’s research (21), platforms such as
the Internet have effectively broken the monopoly of offline
medical institutions on professional information, alleviated the
information asymmetry between doctors and patients, and
are more conducive to residents’ management of their own
health. Mano (22) found that residents’ online health services
through the Internet can improve personal health literacy and
strengthen personal health management. Sillence et al. (23) also
put forward that users of platforms such as the Internet can
improve their health through channels such as searching for
disease information and participating in online health activities.
The interpersonal communication mechanism refers to the
social activities, leisure and entertainment of residents through
platforms such as the digital economy, which is conducive to
alleviating personal loneliness, depression or anxiety of residents,
and promoting residents’ mental health. Boneva and Kraut (24)
took a community in Toronto, Canada as an example. The
study found that residents who use the Internet know more
than three times as many neighbours, are twice as likely to meet
neighbours, and are 1.5 times more likely to visit neighbours
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than those who do not use the Internet. Therefore, Internet users
can better connect with neighbours. Lagoe and Atkin (25) used
structural equation modelling to study the relationship between
Internet use and mental health with 245 American adults as
the research objects. The study showed that using the Internet
can reduce stress and reduce levels of depression and loneliness.
Szabo et al. (26) using a combination of longitudinal mediation
analysis and demographic control, through a survey of 165 adults
aged 60–77, found that the Internet can alleviate the loneliness
of the elderly through three channels: social interaction, tools,
and information.

Due to changes in the age structure of residents, the
intensification of population ageing will have an impact on the
relationship between the digital economy and residents’ health.
People in different eras have different acceptance capabilities for
the digital era (27). The “digital natives” born in the digital age
are more familiar with and integrated into the digital age than the
“digital immigrants” born in the digital age. Before elderly people
were called “digital immigrants” are called “digital refugees”
(28). Older people are difficult to integrate into the digital
age due to their inherent habits and degraded learning ability;
however, they are the group most in need of medical services.
However, compared with adolescents, middle-aged and elderly
people have stronger self-control abilities and are better at using
digital economy platforms to obtain useful health information,
strengthen their communication with society, and reduce their
loneliness. Furthermore, using these platforms can improve the
physical and psychological health of the elderly (29–31).

In summary, the research results based on different countries
and different perspectives show that the development of the
digital economy mainly has a positive impact on the health of
residents, and it is roughly transmitted through two channels:
information acquisition and interpersonal communication.
However, in the context of population ageing, whether the impact
of the development of the digital economy on the health of
residents is underestimated and whether there are structural
changes are still rarely studied in the literature. Therefore, this
paper will discuss the above issues in depth.

HEALTH CAPITAL AND THE DEMAND FOR
A HEALTH MODEL WITH A DIGITAL
ECONOMY

In the study of economics, health can be regarded as an important
part of human capital. Health investment depends on the return
and cost of an investment. The returns include health as a
consumer product that can increase the utility of investors (good
health can be satisfied) directly into the utility function and as a
capital good (good health can be included in labour) affecting the
total time used for market and non-market activities. The costs
include the time spent to obtain health; the costs of elements such
as purchased food, entertainment, and medical services; and the
costs caused by the impact of specific environmental variables,
such as education level, which can be regarded as an intangible
production technology and will affect the efficiency of the healthy
production process. Whether to invest in health depends on the

size of the benefits and costs. If the benefits exceed the costs, more
health investment will be made.

With the development of information technology such as the
digital economy, the digital economy not only affects people’s
production and lifestyles but also has an increasingly deeper
impact on health investment (32). Therefore, this paper uses
the demand for health to model and systematically analyse the
effect of the development of the digital economy on health
demand (33).

In Grossman’s demand for health model, the utility function
of consumers in their lifetime is set as U(H, Z), where H refers
to the health of consumers. H is related to medical services
(M), the time consumers spend on health production (Th), and
other factors (E) such as education level, etc. Z refers to other
consumer goods that can obtain utility. Z is related to the number
of other consumer products (X), the time spent by consumers to
produce other consumer products (TZ), and other factors (E).
The health utility function of the consumer’s lifetime can be
expressed as follows:

U = U(ϕ0H0, · · ·ϕtHt · · ·ϕnHn,Z0, · · · ,Zt , · · ·Zn) (1)

H = G1 (M,Th ;E) (2)

Z = G2 (X,Th, Tz ;E) (3)

H0 represents the initial stock of healthy capital, Ht represents to
the consumer’s stock of healthy capital in period t, ϕt represents
the return per unit of health capital, ϕtHt represents health
consumption in period t, and Zt represents the total consumption
of other commodities in period t. In this model, the consumer’s
life cycle length n is endogenous, the health capital stock Ht is
also endogenous, and the initial health capital stock H0 is an
exogenous variable. The increase in health capital is:

Ht+1 = (1− δt)Ht + It (4)

Here, Ht+1 represents the health capital stock of consumers in
period t + 1; Ht represents the health capital stock of consumers
in period t; It represents represents the health capital investment
of consumers in period t; and δt refers to the health depreciation
rate, which is determined by external factors and changes as
consumers age. The development of the digital economy provides
a higher level of medical services. Consumers can obtain online
medical services quicker and more conveniently through various
Internet platforms. Manufacturers can accurately recommend
drugs and health products to consumers based on big data
calculations, improve consumer health investment in the current
period and postpone the depreciation of previous consumer
health capital to enhance consumer utility. Using the form of the
healthy depreciation rate proposed by Cropper in 1981 (34), δt
can be expressed as:

δt = δ0 Dt
α O

β
t (5)

where δ0 refers to the initial health depreciation rate; Dt

represents the development level of the digital economy
(negative); and Ot represents other factors that affect the health
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depreciation rate, such as whether to drink alcohol or stay up late.
The health investment function It can be expressed as:

It = Dt
α M

γ
t GOω

t E
ρ
t (6)

Here, Mt is the medical services that consumers can purchase,
GOt is the public services provided by the government, and Et
is other influencing factors such as education level and labour
income. Substituting Equations (5) and (6) into Equation (4), we
can obtain:

Ht+1 = (1− δ0 Dt
α O

β
t )Ht + Dt

α M
γ
t GOω

t E
ρ
t (7)

By calculating the partial derivative of Dt , we can obtain:

∂Ht+1

∂Dt
= αDt

α−1(M
γ
t GOω

t E
ρ
t − δ0 Dt

α O
β
t Ht) (8)

It equation shows that the impact of the level of digital economic
development on health investment is also affected by the health
servicesMt that consumers can purchase, the public servicesGOt

provided by the government, and other influencing factors.
The budget constraints faced by consumers throughout their

lives are:

6[( Pt Mt + VtXt)/(1+ r)t ]

= 6
[

(WtTwt /(1+ r)t)
]

+ A0 (9)

Twt + TIt + Th + TZ = � (10)

Here, Equation (9) is the income constraint, and Equation (10)
is the time constraint. In (9), Pt and Vt represent the market
prices of Mt and Xt , respectively; r is the interest rate; and
Wt is the wage rate (determined by external factors) for a
consumer in period t. Twt is the time consumers spend working
in period t, A0 represents initial wealth, TIt represents the time
lost when consumers are unable to engage in market or non-
market activities due to illness (hereafter referred to as the time
of illness), and � is the number of days for consumers in each
period (e.g., if one period is equal to 1 week, then � is equal to
7 days).

The above 10 formulas constitute the consumer’s health
demand model. Consumers will make the best choice related to
their health demand under the conditions of budget and time
constraints to maximise their utility. The equilibrium conditions
based on this model are:

[

Wt

πi−1
+

(Uht/m) (1+ r)i

πi−1

]

Gt = r + δt (11)

Here, Gt = ∂TIt/∂Ht represents the marginal output of
health, Uht = ∂U/∂Ht represents the marginal utility of
health, m represents the marginal utility of money, and
πi−1 represents the marginal cost of investing in health.
The return on health investment is composed of WtGt/πi−1

and (Uht/m) (1+ r)iGt/πi−1. The cost of health investment is
composed of interest rate r and health depreciation rate δt , and
the equilibrium conditional equation (9) indicates that when the

FIGURE 2 | Balanced analysis of health demand.

marginal benefit of health and the marginal cost are equal, the
consumer maximises their utility. The optimal health demandHt

is determined by the intersection of the marginal revenue curve
and the marginal cost curve (Figure 2).

On the cost side, if the depreciation rate δt in the cost of
health investment decreases, it will definitely move the marginal
cost curve downward, leading to an increase in health demand.
On the income side, if the marginal cost of health investment
πi−1 decreases, health demand will move down the demand
curve, which will also lead to an increase in health demand.
Combining formulas (5) to (7), the development of the digital
economy can affect the demand for health by influencing the
depreciation rate and current health investment under budget
constraints. Furthermore, the existing literature shows that the
Internet has become an effective tool for disseminating health
information and preventing diseases, breaking the monopoly of
professional health information by medical institutions; patients
can use the Internet and other platforms to obtain health services
(1), such as remote registration, remote diagnosis and treatment,
and light consultations (35), across time and spatial barriers,
thereby improving the efficiency of health investment and saving
medical treatment costs. On this basis, the following hypothesis
is proposed:

Hypothesis 1: Under the control of other factors, the
development level of the digital economy has a significant
positive effect on the health of residents.

Furthermore, regarding age, young people’s self-control ability is
poor, and they tend to indulge in various entertainment activities
provided by the digital economy and damage their health.
Middle-aged people have more self-control than teenagers.
Middle-aged people can make better use of the digital economy
to invest in health. The use, proficiency and acceptance of the
digital economy by young andmiddle-aged people is greater than
that of the elderly. Elderly people have barriers to applying the
digital economy, and their use of the digital economy to improve
their health will be lower (36). The demand for health model also
reflects that as age increases, the cost-side health depreciation
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rate will rise. In other words, as age increases, the health status
and health capital stock of a country’s residents will decline (37).
As China’s ageing problem has intensified, ageing has become the
most important risk factor affecting the quality of life of Chinese
residents. On this basis, the following hypothesis is proposed:

Hypothesis 2: Residents with different characteristics use the
digital economy to improve their health to different degrees.
Compared with young people andmiddle-aged people, the extent
to which the elderly can improve their health through the digital
economy will be weaker, that is, the ageing problem will greatly
reduce the impact of the digital economy on improving the health
of residents.

METHODOLOGY

In order to test the impact of the development of the digital
economy on the health of residents, the following benchmark
regression model was constructed:

denutriit = θ0 + θ1Ln_inpeoit +
∑

i
θiControl+ µi + εit (12)

Here, denutriit is the health level of residents (measured
by the malnutrition rate of children under 5 years old),
and ln_inpeoit is the level of digital economic development
(measured by the number of people surfing the Internet). Control
represents the set of control variables, including government
fiscal revenues (ln_govinc), government fiscal expenditures
(ln_govoutc), per capita years of education (ln_yedu), total labour
wages (ln_labinc), and total amount of imports and exports
(ln_imaex) in this paper. θ0 represents the constant term, θ1
is the coefficient of the explanatory variable of the level of the
digital economy, and θi is the coefficient of the control variable
(Control). µi represents the individual heterogeneity, and εit
represents the random disturbance term.

On the basis of the above regression model, based on the
derivation and hypothesis of the mathematical model, we also
need to consider that as the ageing of the population intensifies,
the development level of the digital economy may show
differences in the impact of residents’ health (38). Therefore, this
paper uses threshold effect regression to proceed. For further
analysis, this paper considers the ageing rate of the population
(oldrate) as a threshold variable to construct a model:

denutriit = θ0 + θ11LninpeoitI
(

oldrateit ≤ η1
)

+θ12LninpeoitI
(

η1 < oldrateit ≤ η2
)

+ . . .

+θ1 n+1LninpeoitI
(

ηn ≤ oldrateit
)

+
∑

i
θiControl+ µi + εit (13)

Here, the dependent variable, independent variables and control
variable of formula (13) are the same as those in formula (12).
ηn represents a specific threshold value. The age structure is
divided into different intervals through the threshold value. I(·)
is an indicative function. If the conditions in parentheses are met,
then the value is 1. Before performing the threshold panel model
regression, bootstrap testing is required to set the threshold.

This paper uses 300 samplings. First, a single threshold test is
performed on the data. If the test is failed, it proves that the
relationship between the level of digital economic development
and the health of residents will not change in structure as the
ageing of the population increases; conversely, if the test is passed,
the data can continue to bootstrap testing with double thresholds,
inspection, and other analysis steps.

DATA

This paper uses the annual data of 30 provinces and cities
in inland China from 2003 to 2019 (because there is a
considerable amount of missing data in Tibet, it is removed) and
a total of 510 samples. Since entering the 21st century, China’s
digital economy has gained rapid popularity and development.
Considering the availability of data, the starting year of the
data is set to 2003. The data come from the “China Statistical
Yearbook” and the “Statistical Bulletin of National Economic and
Social Development” of various provinces, municipalities and
autonomous regions.

Judging from the existing research, the evaluation of the
health level generally includes both subjective and objective
aspects. Subjective standards include self-evaluations of the
level of health. Objective standards include medical standards
evaluated by doctors, such as nutritional intake, and functional
standards evaluated by prevalence. Scholars mostly use mortality
to measure the health level of residents in a country or a region,
but this method has certain limitations; it ignores the influence of
factors such as the age structure of the population in a region, and
it cannot reflect the physical and living conditions of the people
who are surviving. In order to better reflect the health level of
residents, this paper uses the malnutrition rate of children under
5 years old as the explained variable. Children are the future
of a country and nation, and indicators that reflect the health
of children can also reflect the living conditions of the family.
The malnutrition rate of children under 5 years old is used
to measure the health of residents and is more representative
than the mortality rate. This indicator is an inverse indicator.
That is, the higher the malnutrition rate of children under 5
years of age is, the worse the health of residents. This paper
intends to use the number of Internet users as a variable to
measure the development of China’s digital economy and use
the Internet penetration rate as a robustness test. Internet use
is a foundation for the development of the digital economy,
information dissemination, and big data. Therefore, the number
of people surfing the Internet and the penetration rate can better
reflect the development of China’s digital economy. The higher
the penetration rate of the Internet is, the better the development
of the digital economy in the region.

This paper incorporates five control variables, including
government revenues, government expenditures, per capita
years of education, labour compensation, and total imports
and exports. The first control variable is government revenues.
Government revenues can measure the financial strength of
the government in the area and can reflect the scope and
quantity of the public goods and services provided by the
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government in social and economic activities. While economic
activities will have a significant impact on the health of residents,
such as urbanisation (39). The second is the government
expenditure. The quality of the government’s system can
effectively coordinate regional economic activities and non-
economic activities (40). Government expenditures can reflect
the government’s control and use of social resources through the
flow of fiscal funds. Government expenditures include various
subjects such as health, education, science and technology
expenditures. Generally, the more the government spends on
health, the more convenient the medical services that residents
can obtain are, the more the government spends on education,
and the greater the number of opportunities for residents
to obtain more educational opportunities; residents who have
received more education value their own health more and
have more ways and channels to improve their health. The
development of science and technology can provide residents
with a more convenient and quick life. In summary, government
expenditures will affect people’s health. The third control variable
is per capita years of education. Grossman believes that the
improvement of the education level will improve the efficiency
of people’s production and health so that people’s actual health
capital stock will also increase (41). The fourth control variable
is labour compensation. Labour compensation, that is, income,
is the factor that can affect the living standards of labourers.
Generally, the higher the labour compensation is, the more
medical services a person is willing to consume when facing
health problems. Therefore, the residents in an area with higher
incomes are more likely to have high health levels. The fifth
control variable is the total imports and exports. The foreign
trade in a region can reflect the degree of openness of the region.
The more open a region is, the higher the degree of economic
development, and the more that residents in the region are
willing to invest in health. In order to ensure the accuracy of
the measurement results, this paper has performed logarithmic
processing of the above indicators.

Table 1 shows the descriptive statistics of the main variables.
The table shows that there is a large gap in the malnutrition rate
of children under 5 years old among various provinces in China,
with the minimum value being 0.06 and the maximum value
being 16.6600. There is a regional gap in the number of Internet
users in various provinces, and there is still a large gap between
the maximum and minimum after taking the logarithm, which
may be related to the difference in the base of the permanent
population in each region. There are also large differences in
the degree of Internet penetration in various regions, and the
gap between the minimum value and the average value is large.
This may be due to the limited Internet access conditions and
low Internet penetration in some areas with relatively backward
economic development.

EMPIRICAL RESULTS

In order to avoid the emergence of a “spurious regression”
and ensure the accuracy of the estimation results, it is usually
necessary to analyse the stationarity of the panel data, that

is, to detect whether the data are stable by a unit root test.
In order to make the test results have strong robustness
and persuasiveness, this paper adopts the LLC test for the
hypothesis of homogeneous panels and the IPS test for the
hypothesis of heterogeneous panels at the same time. The
LLC test allows different intercept terms and time trends,
heteroscedasticity and higher-order serial correlation (42). IPS
inspection is extremely sensitive to the setting of restrictive
trends (43).

The test results are shown in Table 2. In general, whether it is
a full sample or subsample unit root test, the null hypothesis of
unit roots is rejected for all variables at the 10% significance level
in both tests. It can be considered that the panel data in this paper
are stable, so we can proceed to the next analysis.

Benchmark Regression Results
Before the regression analysis, it is necessary to pass the LM test
and the Hausman test and select the most appropriate model
from the three benchmark regression models of the panel data:
the mixed regression model, the random effects model and the
fixed effects model. The p-value of the LM test rejects the null
hypothesis that there is no individual random effect, so the
random effects model is considered to be better than the mixed
regression model. The p-value of the Hausman test also rejects
the null hypothesis, so the fixed effects model is considered to
be better than the random effects model. Therefore, this paper
first adopts the fixed effects model to test the impact of the
development of the digital economy on the health of residents.
The regression results are shown in Table 3. The development
of the digital economy and government fiscal revenue have a
negative and significant effect on the inverse indicators of the
health level of residents, and both have passed the 5% significance
test. That is, the higher the level of development of the digital
economy and the greater the regional fiscal revenues are, the
greater the improvement of the health of residents. This is
consistent with the hypothesis we proposed. The development
of the digital economy provides convenience for residents to
obtain more information. Some scholars believe that when
people choose a certain information channel, its convenience
(self-perceived channel availability) is more important than
its information quality. This may be one of the reasons why
the digital economy promotes the health of residents. The
development of the digital economy makes it easier for people
to obtain medical information and services.

Analysis of heterogeneity of economic development level.
There have always been significant regional development
differences in the Chinese economy, and the gap between
different provincial administrative regions is very large. Areas
with high levels of economic development have reached the
standards of developed countries, and areas with low levels
of economic development are still at the level of developing
countries. Different economic development levels will lead to
differences in the medical services available to residents, and
the health level of residents will show regional heterogeneity
according to different economic development levels. This paper
ranks the 30 provincial administrative regions according to their
per capita GDP in 2019. The top 15 are categorised as regions
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TABLE 1 | Descriptive statistics of the variables.

Variables Obs Mean Std. Dev. Min Max

Denutri 510 2.0435 2.0246 0.0600 16.6600

ln_inpeo 510 6.8541 1.1513 2.9957 9.2587

ln_inrate 510 3.2700 0.8772 0.7655 4.5049

Oldrate 510 9.6757 2.1267 5.4317 16.3751

ln_govinc 510 16.4902 1.1247 12.6126 21.4725

ln_govoutc 510 16.8725 0.9853 13.8681 18.8736

ln_yedu 510 2.1610 0.1162 1.7984 2.5432

ln_labinc 510 8.4960 1.0424 5.3504 10.7321

ln_imaex 510 17.1476 1.7068 12.7342 20.8109

TABLE 2 | Panel unit root tests.

Variables LLC unit-root test IPS unit-root test

Adjusted t p-value Z-t-tilde-bar p-value

Denutri −8.3011 0.0000 −12.0777 0.0000

ln_inpeo −6.8150 0.0000 −5.7880 0.0000

ln_inrate −5.3087 0.0000 −4.9242 0.0000

Oldrate −6.2425 0.0000 −5.1393 0.0000

ln_govinc −11.2206 0.0000 −5.3518 0.0000

ln_govoutc −13.4622 0.0000 −8.7788 0.0000

ln_yedu −4.7824 0.0000 −7.4606 0.0000

ln_labinc −14.5094 0.0000 −6.1318 0.0000

ln_imaex −4.1112 0.0000 −5.2395 0.0000

with higher economic development levels (Economy_H), and
the bottom 15 are categorised as regions with lower economic
development levels (Economy_L). The subsample regression
results are also shown in Table 3. In areas with a high level of
economic development, the growth rate of Internet access has a
significant inhibitory effect on the malnutrition rate of children
under 5 years old, and all variables passed the significance test at
the 10% level, that is, the development of the digital economy
can promote the health of residents in this area. The reason
may be that places with high levels of economic development
have a high degree of acceptance of emerging industries such
as the digital economy and big data. People who live and work
in these areas have more vitality, are willing to try new things
and new technologies, pay more attention to the quality of life,
and pay more attention to their own physical health. In areas
with a low level of economic development, people are more
inclined to pursue food, clothing, and a stable life. They do not
have many requirements for quality of life and lack awareness of
using the Internet to make healthy investments. Therefore, the
development of the digital economy has no significant impact on
the health of residents in these regions. In areas with a low level of
economic development, government revenues have a significant
role in promoting the health of residents. The reason is that
in economically underdeveloped areas, the public services and
infrastructure provided by the government have a greater impact

on residents in these areas, and people are more dependent on
public products provided by the government.

Analysis of the heterogeneity of the development level of the
digital economy. The development of China’s digital economy has
made the Internet and information data important factors that
promote the improvement of people’s lives. At this stage, China’s
regional digital economic development levels are different, so the
impact of digital economic development on residents’ health is
also regionally heterogeneous. According to the “White Paper
on China’s Big Data Regional Development Level Evaluation
(2020)” compiled by the Institute of Information Technology
and Software Industry, CCID Think Tank, on the basis of the
ranking of the development level of big data in 30 provincial
administrative regions, this paper characterises the top 15 as
regions with higher levels of digital economic development
(Eeconomy_H) and the bottom 15 as regions with lower levels
of digital economic development (Eeconomy_L). The subsample
regression results of the digital economic development level
are relatively similar to the subsample results of the economic
development level; however, in areas with a high level of
digital economic development, the impact of digital economic
development on improving the health of residents is even greater.
The possible reason for this is that residents living in areas
with a high level of the digital economy are more likely to
understand and use digital economy-related technologies, and
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TABLE 3 | The result of pannel regression.

Variables Total Economy_h Economy_l Eeconomy_h Eeconomy_l

ln_inpeo −1.033*** (0.301) −0.403* (0.199) −0.935 (0.570) −1.240*** (0.255) 0.338 (0.563)

ln_govinc −0.587** (0.183) −0.184 (0.105) −1.769*** (0.449) −0.243 (0.126) −1.390** (0.437)

ln_govoutc −0.491 (0.602) −0.152 (0.433) 0.675 (1.062) 0.789 (0.504) −0.815 (1.070)

ln_yedu 1.022 (1.863) 3.604* (1.766) 1.091 (2.684) 4.806** (1.568) −2.718 (3.256)

ln_labinc 1.349* (0.624) 0.408 (0.460) −0.175 (1.093) 0.181 (0.520) 0.489 (1.181)

ln_imaex −0.334 (0.183) −0.730*** (0.141) 0.314 (0.298) −0.834*** (0.165) −0.110 (0.315)

Constant 19.130*** (4.789) 11.176** (3.545) 20.623* (8.219) 3.894 (3.779) 39.967*** (8.760)

R-squared 0.416 0.465 0.499 0.523 0.456

N 510 255 255 255 255

***, **, and *, respectively, indicates significance at the 1, 5, and 10% level. Standard error in parentheses.

TABLE 4 | Test for threshold.

Sample Threshold F stat Prob BS-times Crit10 Crit5 Crit1

Total Single 19.43** 0.0367 300 14.0310 18.0702 24.3904

Double 9.69 0.2567 300 12.6030 14.4191 20.9214

Economy_H Single 10.13 0.2200 300 14.7126 17.5901 20.4692

Double 6.28 0.4000 300 20.0324 26.6414 43.3569

Economy_L Single 22.09** 0.0433 300 17.4114 21.5934 31.3317

Double 6.92 0.3633 300 11.3052 13.6619 18.1307

Eeconomy_H Single 12.57* 0.0733 300 11.3406 14.0740 16.2549

Double 43.32* 0.0800 300 36.3008 49.4610 76.0435

Triple 3.75 0.8633 300 112.9832 140.1987 204.1399

Eeconomy_L Single 9.07 0.3167 300 13.9155 15.7342 21.3082

Double 10.82 0.2167 300 13.8122 19.6841 30.6827

***, **, and *, respectively, indicates significance at the 1, 5, and 10% level.

TABLE 5 | Test for threshold value.

Sample Threshold N Value CI (95%)

Total Th-1 11.152 (10.3380, 11.1602)

Economy_L Th-1 9.5746 (8.9689, 9.5966)

Eeconomy_H Th-1 8.0887 (8.0521, 8.1327)

Th-2 7.9129 (7.8923, 7.9507)

their willingness to use the Internet for health investment is
stronger than that in other areas.

Threshold Effect Regression Results
The full sample and areas with low economic development levels
passed the single threshold significance test and failed the double
threshold significance test, that is, the number of thresholds for
the best model for the country and areas with low economic
development levels was 1. However, areas with a higher level of
the digital economy passed the dual threshold significance test
and failed the three threshold significance test, which indicates
that for areas with a higher level of the digital economy, there are
double thresholds. The specific results are shown in Table 4.

FIGURE 3 | Full sample threshold regression_single threshold graph.

Then, the estimated value of the threshold is further obtained.
The specific results are shown in Table 5 and Figures 3–5. The
national threshold is 11.152, and the threshold in areas with low
economic development levels is 9.5746. For areas with a high level
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of digital economic development, the first threshold is 7.9129,
and the second threshold is 8.0887.

Table 6 shows that for the national sample, when the
population ageing rate is lower than 11.152, there is a significant
negative correlation between ln_inpeo and denutri, and the
estimated coefficient is−0.890. When the population ageing rate
is>11.152, the coefficient of the growth rate of Internet users and
the rate of malnutrition of children under 5 years old remains
the same; the absolute value, which is −0.816, decreases, while
the impact decreases. This shows that as ageing intensifies, the

FIGURE 4 | Threshold regression in economically underdeveloped areas

single threshold graph.

development of the digital economy has reduced the effect of
promoting the health of residents. This verified hypothesis two.
The reason for this may be the access gap in Internet applications
for the elderly in China, and the elderly have disadvantages in
accessing the Internet (44).

For areas with low levels of economic development, although
there is a negative relationship between ln_inpeo and denutri,
the coefficient does not pass the significance test. The existing
literature has not conducted in-depth research on this issue, and
this paper believes that the result may be related to historical and
cultural factors in areas with low levels of economic development.
Government revenues (ln_govinc) have a significant inhibitory
effect on the malnutrition rate of children (denutr) under 5
years of age, with a coefficient of −1.541; it passes the test at
the 1% significance level. This can be explained by the fact that
in economically underdeveloped areas, the public services and
infrastructure provided by the government have greater impacts
on the residents of the area, and the public services and medical
services provided by the government can improve the health of
residents to a large extent.

For areas with a high level of digital economic development,
when the population ageing rate is lower than 7.9129, there is
a significant negative correlation between ln_inpeo and denutri,
and the estimated coefficient is −1,000. When the population
ageing rate is >7.9129 and <8.0887, the negative correlation
between the growth rate of Internet users and the malnutrition
rate of children under 5 years old becomes weaker and similar to
the situation in the whole country; however, when the population
ageing rate is >8.0887, the negative correlation between the
growth rate of Internet users and themalnutrition rate of children

FIGURE 5 | Thresholds return to high-development areas of the digital economy dual threshold diagram.
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TABLE 6 | Estimated coefficients.

Total Economy_l Eeconomy_H

ln_inpeo (oldrate < 11.152) −0.890** (0.302) ln_inpeo (oldrate < 9.5746) −0.714 (0.566) ln_inpeo (oldrate < 7.9129) −1.000*** (0.255)

ln_inpeo (oldrate > 11.152) −0.816** (0.306) ln_inpeo (oldrate > 9.5746) −0.597 (0.573) ln_inpeo (7.9129 < * < 8.0887) −0.792** (0.276)

ln_inpeo (oldrate > 8.0887) −1.049*** (0.255)

ln_govinc −0.562** (0.181) ln_govinc −1.541*** (0.449) ln_govinc −0.209

(0.123)

ln_govoutc −0.704 (0.600) ln_govoutc 0.343 (1.052) ln_govoutc 0.670 (0.493)

ln_yedu 0.364 (1.856) ln_yedu 1.207 (2.644) ln_yedu 4.526** (1.537)

ln_labinc 1.254* (0.618) ln_labinc −0.647 (1.090) ln_labinc 0.181 (0.504)

ln_imaex −0.251 (0.183) ln_imaex 0.341 (0.294) ln_imaex −0.851*** (0.160)

Constant 22.016*** (4.827) Constant 23.977** (8.179) Constant 4.865 (3.684)

R-squared 0.427 R-squared 0.514 R-squared 0.552

N 510 N 255 N 255

***, **, and *, respectively, indicates significance at the 1, 5, and 10% level. Standard error in parentheses.

TABLE 7 | Robustness check_ test for threshold (change X variable).

Sample Threshold Fstat Prob BS-times Crit10 Crit5 Crit1

Total Single 12.85** 0.0333 300 9.9777 11.5380 14.5481

Double 8.11* 0.0867 300 7.6325 9.2197 13.0027

Triple 2.66 0.8133 300 7.9963 10.6030 15.6834

Economy_H Single 5.76 0.2367 300 7.7294 9.1179 14.7549

Double 3.14 0.4600 300 5.9933 6.6845 8.7680

Economy_L Single 11.2** 0.0367 300 8.2079 9.9822 15.5595

Double 3.93 0.4900 300 7.5140 8.6265 11.4277

Eeconomy_H Single 4.26 0.4133 300 7.5202 9.4236 12.8711

Double 26.09*** 0.0067 300 7.0141 8.3461 13.2125

Triple 3.28 0.5833 300 55.7451 89.7257 141.9737

Eeconomy_L Single 8.13 0.2367 300 10.1657 12.3604 16.7166

Double 9.40 0.1567 300 10.6387 11.9059 21.7479

***, **, and *, respectively, indicates significance at the 1, 5, and 10% level.

under 5 years old increases. The reason for this is because
regions with a higher level of the digital economy will take
measures quicker than other regions to reduce barriers for the
elderly to obtain health services through the digital economy.
China vigorously promotes “Internet +” pensions and smart
pensions. Areas with a higher level of the digital economy will
take the lead in providing the elderly with access to and use of
smartphones and provide online training for the elderly so that
the elderly can learn to use the various functions of the Internet
to increase the Internet usage rate of the elderly (28). The more
elderly individuals use the Internet, the greater the likelihood of
obtaining health investment.

Robustness Test
In order to test the robustness of the empirical results, this
paper conducts a robustness test by replacing explanatory
variables and replacing the growth rate of Internet users with
the Internet penetration rate. The results in Table 7 show that
the development level of the digital economy has a significant

TABLE 8 | Robustness check_ test for threshold value (change X variable).

Sample Threshold N Value CI (95%)

Total Th-1 9.9971 (9.5832, 10.0321)

Th-2 11.152 (10.3327, 11.1774)

Economy_L Th-1 9.5746 (9.2118, 9.5966)

Eeconomy_H Th-1 11.9945 (11.9647, 12.0300)

Th-2 7.6932 (7.6708, 8.2979)

impact on the health of residents. Areas with lower levels of
economic development passed the single threshold significance
test and failed the double threshold significance test. That is,
for areas with lower levels of economic development, the best
number of thresholds in the model was 1. The national sample
and areas with a high level of digital economy passed the
double threshold significance test but failed the three threshold
significance test, which indicates that there are double thresholds
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TABLE 9 | Robustness check_ estimated coefficients.

Total Economy_l Eeconomy_H

ln_inrate (oldrate < 9.9971) −1.013*** (0.255) ln_inrate (9.5746 < oldrate) −0.522 (0.440) ln_inrate (oldrate < 7.6932) −1.113*** (0.214)

ln_inrate (9.9971 < * < 11.152) −0.859*** (0.246) ln_inrate (oldrate < 9.5746) −0.247 (0.451) ln_inrate (7.6932 < * <11.9945) −0.924*** (0.233)

ln_inrate (oldrate > 11.152) −0.713** (0.255) ln_inrate (11.9945<oldrate) −1.133*** (0.209)

ln_govinc −0.501** (0.180) ln_govinc −1.488** (0.451) ln_govinc −0.170 (0.124)

ln_govoutc −0.659 (0.574) ln_govoutc 0.137 (0.984) ln_govoutc 0.716 (0.488)

ln_yedu 0.099 (1.839) ln_yedu 0.922 (2.638) ln_yedu 4.490** (1.538)

ln_labinc 0.934 (0.614) ln_labinc −0.829 (1.084) ln_labinc −0.135 (0.506)

ln_imaex −0.167 (0.183) ln_imaex 0.395 (0.294) ln_imaex −0.683*** (0.165)

Constant 18.952*** (5.052) Constant 24.589** (8.247) Constant −0.457 (4.035)

R-squared 0.439 R-squared 0.517 R-squared 0.550

N 510 N 255 N 255

***, **, and *, respectively, indicates significance at the 1, 5, and 10% level. Standard error in parentheses.

for China and areas with a higher level of digital economic
development. Then, the estimated value of the threshold is
obtained. The specific results are shown in Table 8. The first
threshold nationwide is 9.971, the second threshold is 11.152,
and the threshold for areas with low economic development
levels is 9.5746. For areas with a high level of digital economic
development, the first threshold is 7.6932, and the second
threshold is 11.9454.

After replacing the variables, the national sample passed the
double threshold test, and the second threshold was the same as
the value before the replacement variable. The single threshold
passed in areas with lower levels of economic development was
the same as the value before the replacement variable. The level
of economic development also passed the double threshold, but
it slightly increased compared to before replacing the explained
variable, but it did not change significantly. The threshold
regression results are shown in Table 9. For the national
sample, when the population ageing rate is lower than 9.971,
there is a significant negative correlation between ln_inpeo
and denutri, and the estimated coefficient is −1.013. When
the population ageing rate continues to increase, the absolute
value of the estimated coefficient continues to decline. For
regions with low levels of economic development, although
there is a negative relationship between ln_inpeo and denutri,
it is not significant. For areas with a high level of digital
economic development, when the population ageing rate is
lower than 7.6932, there is a significant negative correlation
between ln_inpeo and denutri, with an estimated coefficient
of −1.113. When the population ageing rate is >7.6932 and
<11.9945, the Internet penetration rate has a reduced impact on
the malnutrition rate of children under 5 years old. When the
population ageing rate is >11.945, the development level of the
digital economy has an increased impact on the malnutrition
rate of children under 5 years old. Overall, after replacing
the variables, the signs, sizes and significance levels of the
core explanatory variable coefficients are very similar, and the
replacement variables did not have a significant impact on the
results, which indicated that the empirical results of this paper
are robust.

CONCLUSIONS

This paper uses panel data to explore the threshold effect of
the impact of digital economic development on the health
of residents in China and various provinces under different
economic development levels. In the research of this paper, the
panel fixed effect regression results show that the development
of the digital economy has a significant inhibitory effect on the
malnutrition rate of children under 5 years old, with an impact
coefficient of −1.033. After the population ageing rate is used as
the threshold variable, the development of the digital economy
still has a significant inhibitory effect on the malnutrition rate
of children under 5 years old, but the absolute value of the
coefficient significantly decreased. At the same time, in areas
with a high level of digital economy development, the regression
results of the double threshold value show that the absolute
value of the coefficient has also declined first and then increased.
This shows that the conclusions drawn without considering the
issue of ageing underestimate the role of the digital economy
in promoting the health of residents, and the issue of ageing
is indeed an irreversible problem facing people in China and
the world. These findings provide a valuable reference for
policymakers on how to provide health services in a fair and
efficient manner to improve the health of individuals as the
digital economy continues to advance. The government can
apply the digital economy to the healthcare sector. Furthermore,
the advancement of the digital economy should not ignore any
group, especially the elderly. The government should formulate
effective Internet assistance policies for the elderly to break the
barriers to the acquisition and use of the digital economy for the
elderly, so that the development of the digital economy can more
comprehensively promote the health of residents of all ages.
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This paper aimed to identify the relationship between the pressure to reach economic

growth targets and residents’ health by applying a panel fixed effects model, a

Sobel-Goodman mediation effects test and a regulatory effects model to the inland

provinces of China. The empirical results verify that the pressure to reach economic

growth targets in these regions reduces the level of residents’ health. Moreover, the

effect in developing regions is significantly stronger than that in developed regions,

and the effect in the northern region is significantly stronger than that in the southern

region. The mediation effects test found that the pressure to reach economic growth

targets has led to an upsurge in PM2.5 concentration and an increase in the output

of industrial solid waste, thereby threatening residents’ health. The regulatory effects

model highlights that enhancing public awareness could weaken the negative impact

of the pressure to reach economic growth targets on residents’ health, while the

expansion of industrial production will aggravate the negative impact. In the process

of economic growth, the government should set reasonable economic growth targets,

pay attention to the construction of the environmental protection legal system, implement

energy- conservation and emission reduction measures and increase public awareness

of environmental protection to ensure residents’ health.

Keywords: economic goal pressure, residents’ health, environmental pollution, mechanism, heterogeneity

INTRODUCTION

The main purpose of this paper is to explore whether the economic growth target (measured by
the difference between the GDP estimate and the target value of the government work report)
set at the beginning of the year in various administrative regions in China affect residents’ health
(the death rate and moderate to severe health conditions for children under 5 years of age). If
there is an effect, is it promoting or reducing resident’ health? What is the mechanism of the
effect? Unlike the estimated economic growth target of the United States, the economic growth
target of China typically has highly restrictive characteristics. Because of vertical intergovernmental
relations, the target value set in the actual operation of the lower-level government is still too high
after the Chinese central government has set the standard for growth. Meanwhile, the performance
appraisal of the Chinese government is mainly based on economic growth in past periods, which
may lead local governments to attain economic growth at the expense of the local environment
and energy requirements. In fact, since the 40th anniversary of the reform and opening up, China
has indeed achieved and sustained high-speed economic growth, which has caused increasingly
serious environmental pollution and led to residents’ health problems. Relevant data show that
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China has 213,000 pulmonary heart disease patients and
1.5 million chronic bronchitis patients each year due to
environmental pollution. The number of deaths is second in the
world (1), which causes the direct health effect losses equivalent
to 10% of the GDP. Residents’ health is the foundation for
sustained and stable economic and social development. Similarly,
economic and social development affect residents’ health. It is
vital to transform the method of assessing economic growth so
that residents’ health and behavior is taken into account by the
government. The optimization of the performance evaluation
system is the most direct way to guide the behavior of local
governments, and setting the target of GDP growth can partly
reflect this guidance. This study is beneficial for decision makers
who need to pay attention to the impact of the pressure to reach
economic growth targets on residents’ health. The government
should establish a multi-indicator and decentralized assessment
system to ensure residents’ health, pay attention to the non-
economic value of the environment to the region, weaken
the prominence of the GDP target, increase environmental
governance and improve environmental governance capabilities.

For developing countries and less developed countries
(LDCs), the balance between economic growth and residents’
health is even more difficult to keep. As other developing
countries and LDCs may not have strong hierarchical systems
of government due to differences in government systems, there
is no pressure to set economic growth targets, and the trend
of developing countries seeking economic growth will not
essentially change. However, because of technological constraints
in developing countries and LDCs, economic growth can only
rely on the advantages of their natural resource. The massive
consumption of non-renewable energy, backward environmental
governance, inadequate medical and health standards, and the
deterioration of residents’ health have hindered the sustained
and stable development of the economy. And fluctuations in
energy prices will increase the uncertainty of domestic economic
policies (2). For example, according to the 2016 Global Burden
of Diseases, Injuries, and Risk Factors Research Report released
by The Lancet in 2018, there is a large gap of the medical and
health levels (HAQ index) between developing countries and
developed countries. The top 20 countries in terms of medical
capacity are mainly concentrated in Europe, and low- and
middle-level countries need to pay more to improve the quality
of medical care. In addition, developed countries have also gone
through the journey of “pollution first” on economic growth
and residents’ health. For example, the “Fog Capital” in the
United Kingdom and the “Great Lakes” area in the United States
have fundamentally solved the vicious dilemma of economic
development and residents’ health.

In the past years, with the Chinese economy growing rapidly
and stably, the negative correlation between economic growth
pressure and residents’ health, as well as the concurrent effects
of environmental pollution, etc., have all been shown intuitively
and empirically. Whether the pressure to reach economic growth
targets has a statistical impact on residents’ health, how much
impact it has, and the transmission mechanism needs to be
verified by a scientific system. Can mild (moderate) pressure
to reach economic growth targets take economic growth and

residents’ health into account? At different levels of economic
development, does the pressure to reach economic growth
targets have different effects on residents’ health? For different
economic development models, is there any difference in the
influence and transmission mechanism of the pressure set by
the economic growth target? In response to the above problems,
the marginal contribution of this paper is as follows. First,
the empirical results show that the pressure to reach economic
growth targets in Chinese provinces and cities has a significant
negative effect on residents’ health, and it is more pronounced
in less developed regions and northern regions. The reason may
be that these regions are mostly resource-based cities. Second,
the mediation effect test verified the intermediate relationship
between air and solid waste pollution, and air pollution has a
greater impact on residents’ health. In addition, the regulatory
effect test verified that the negative effects of local residents’
environmental awareness and industrial production activities
on economic growth pressure have been alleviated. Therefore,
regional governments can initiate residents’ environmental
protection education and industrial structure transformation and
to upgrade to a more balanced relationship between economic
growth and residents’ health.

This study uses data from 30 inland provinces and cities
in China from 2003 to 2019 as a sample to explore the
direct effects of regional the pressure to reach economic
growth targets on residents’ health and the mediating effects of
environmental pollution. The organization of this article is as
follows. Section Literature Review reviews the existing literature,
section Economy Growth and Residents’ Health Model builds
the theoretical model of this paper based on the Solow model,
section Methodology describes the measurement model of this
paper, section Data introduces indicator data, section Empirical
Results analyses the empirical results, and the seventh section is
the conclusion.

LITERATURE REVIEW

Economic activities will lead to changes in the general
environment of lives and residents’ lifestyles, which will lead to
health problems (3–5). The existing literature on the relationship
between the economy and residents’ health mainly focuses on
economic growth. Few studies have focused on the pressure to
reach economic growth targets, and the research conclusions
mainly hold the viewpoint that economic growth has a negative
effect on the health of local residents. Ebenstein et al. (6) used
Chinese city-level data to investigate the relationship between
economic growth and life expectancy, and the study showed
that there is indeed a positive correlation between the two.
Bombardini and Li (7) used China as an example to explore
the relationship between the Chinese municipal economy and
trade opening and infant mortality. The study found that
infant mortality caused by respiratory diseases was positively
correlated with the output value of local high-polluting export
companies. Pierce and Schott (8) took the United States as
an example to study the relationship between the normal
trading partnership (PNTR) and the US mortality rate. The
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results show that economic trade will significantly increase the
suicide rate in the United States. However, at the same time,
some economic activities such as the construction of public
infrastructure may also promote residents’ health by effectively
reducing transportation costs, optimizing the allocation of
medical resources (9), and improving the efficiency of medical
system assistance (10). Bell (11) took India as an example and
found that rural roads can improve the health of villagers through
the impact assessment of rural road projects in India. Similarly,
Banerjee and Sachdeva (12) used India’s large-scale national road
construction data to show that large-scale road construction can
increase the consumption of health care by women and families
by reducing travel costs.

Economic growth is an eternal topic in economics, but
the environmental problems brought about by rapid economic
growth have greatly reduced the positive effects of income growth
due to the reduction of residents’ health. At the same time,
government intervention, such as the improvement of system
quality (13), can effectively coordinate the relationship between
the economy and the environment. In the early and mid-
industrialization periods, economic growth was accompanied
by a continuous increase in the proportion of industry and
manufacturing. Limited by production technology, it was
bound to bring tremendous pressure on the environment. The
Environmental Kuznets Curve (EKC) is the most classic theory
for the study of economic growth and environmental pollution.
This theory shows that with the increase in per capita income,
environmental pollution mainly presents an inverted U-shaped
change that first rises and then falls (14). Buehn and Farzanegan
(15) fitted the CO2, SO2, and N2O emissions of 122 countries
with per capita GDP and verified the EKC hypothesis. Alam et al.
(16) studied the relationship between Chinese CO2 emissions and
income, and found that it conforms to the EKC hypothesis. Luo
et al. (17) studied the relationship between CO2 emissions and
economic growth in G20 countries, and found that developing
countries are still mainly in the increasing stage at the left end
of the inverted U-shaped curve, while developed countries are
mainly in the inverted U-shaped curve at the decreasing right
end. At the same time, some scholars have reached different
conclusions from the EKC through data fitting. Auffhammer
and Carson (18) used Chinese provincial data to study the
relationship between CO2 emissions and economic growth and
found that the relationship between the two is N-like. Musolesi
et al. (19) distinguished between high-income and low-income
countries and found after comparative analysis that the CO2

emissions of high-income countries and GDP per capita showed
an N-shaped change, while the CO2 emissions of low- and
middle-income countries and GDP per capita showed a linear
increasing trend.

Existing studies consistently show that environmental
pollution, especially air pollution, is negatively correlated with
residents’ health. For developed countries, Pedersen et al. (20)
took Europe as an example. The study found that there is a
significant positive correlation between air pollution in Europe
and low birth-weight infants and that the impact of PM10 on low
birth-weight is higher than that of PM2.5. Currie and Neidell
(21) used micro-individual data from California in the 1990s

and found that PM10 and CO concentrations are significantly
correlated with infant mortality. In the same way, research
on developing countries has also reached similar conclusions.
Chen et al. (22) took 90 cities located in the north and south
of the Huaihe River in China from 1981 to 2000 as examples.
They studied the relationship between the city’s daily total
suspended particulate matter concentration and the death
rate of residents. The resulting increase in the concentration
of suspended particulate matter may reduce the average life
expectancy of 500 million residents in northern China by 5
years. Tanaka (23) took the Chinese 1998 “Acid Rain Control
Zone and Sulfur Dioxide Pollution Control Zone Division Plan”
policy as the node, and found that improving air pollution can
effectively reduce infant mortality. Arceo et al. (24) took Mexico
as an example. Studies have shown that air pollution can cause
infant deaths due to respiratory and cardiovascular diseases,
and infant mortality has a significant non-linear relationship
with CO concentration.

Above all, although economic growth (especially the pressure
of economic growth) may result in environmental pollution and
lead to a decline in residents’ health, as economic activities
involve a wide range of activities, there may be other causes
that impact residents’ health, such as the construction of
public facilities, which has a positive effect on residents’ health.
Therefore, the total effect of the pressure to reach economic
growth targets on residents’ health remains to be explored, and
the mediating role of environmental pollution remains to be
verified. Therefore, this article will focus on the above two tasks.

ECONOMY GROWTH AND RESIDENTS’
HEALTH MODEL

Health is regarded as an important part of human capital,
and human capital is one of the important elements of
economic growth (25). To explore the impact of the pressure to
reach economic growth targets on residents’ health, this paper
introduces the human capital production function proposed
by Bloom on the basis of the Solow model and decomposes
human capital into healthy human capital and other human
capital (26, 27), The production function can be preliminarily
expressed as:

Y = KαLβeγ1s+γ2h (1)

Where Y is the output level, K is the capital factor input, L is
the labor factor input, h is the healthy human capital level, s is the
level of human capital other than health, and α, β, and γ represent
capital, labor and manpower, respectively, the parameters of
the capital element. These are the impact of human capital on
output is exponential, indicating that the marginal wage income
(β) obtained by labor is a function of human capital (including
healthy human capital and other human capital).

Environmental pollution caused by economic activities will
affect the final output by affecting the physical health of the labor
force; that is, environmental pollution will bring externalities.
On this basis, this article adds a description of the environment
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to formula (1). The function of pollution externality X(·) is
modified to:

Y = KαLβX (·) eγ1s+γ2h (2)

In order to facilitate the calculation, the logarithmization of
formula (2) can be obtained:

lnY = αlnK+βlnL+ln (X (·)) + γ1s+ γ2h (3)

Environmental pollution mainly depends on three factors,
namely, natural degradation, government governance (G) and
corporate pollution discharge (Z), as shown in formula (4).
Natural degradation is determined by the basic characteristics
of pollutants and is regarded as completely exogenous. It is
assumed that the environmental pollution stock X is degraded at
an average annual rate of η. Government governance depends on
the government’s governance capabilities and the government’s
material (funds, expertise) support. The greater the pressure of
the government’s economic growth is, the more the government’s
material endowment will be tilted toward economic activities,
to a certain extent, thereby reducing the effect of government
governance ω, However, if the government’s environmental
governance capacity is stronger, the negative effects brought by
the government’s environmental governance resources can be
alleviated to a certain extent. Corporate pollution emissions are
mainly affected by its industry and government environmental
supervision. The greater the pressure on the government’s
economic growth is, the higher the degree of acquiescence
to corporate polluting behavior will be. Heutel (28) and
Annicchiarico and Dio (29) assume that the company’s pollution
emissions are a certain percentage of output µ; the greater the
pressure on economic growth is, the higher µ, as shown in
formula (5).

Xt =
X

η
t−1Zt

Gω
t

(4)

Z = µY (5)

By converting formula (4) into a static formula, and after
performing logarithmic processing with formulas (5–7) can
be obtained:

(1− η) lnX = lnZ − ω lnG (6)

lnZ = lnµ + lnY (7)

Combining formulas (3), (6), and (7), after replacing lnY and lnZ,
the healthy human capital h can be solved as:

h =
1

γ2

[

− lnXη (·) + ω lnG− lnµ − α lnK − β ln L− γ1s
]

(8)

To explore the direct impact of the government’s economic goal
setting pressure on residents’ health, let the healthy human capital
h have a partial derivative of the government governance G
and corporate pollution emission ratio, and formulas (9) and
(10) can be obtained, respectively. According to formula (9),

the greater the pressure on the government’s economic goals,
the less resources will be invested in the environmental field. G
declines, and h changes in the same direction as G, which is not
conducive to residents’ health; for the same reason, according
to formula (10), the greater the pressure on the government’s
economic goals, the more likely the government is to acquiesce
to the company’s polluting behavior to ensure economic growth
µ rises, and µ changes in the opposite direction as h, which will
harm residents’ health. In summary, when the pressure to reach
economic growth targets is too great, the government will ensure
that the annual economic target reaches the expected value and
meet the relevant political assessment standards, which will be
detrimental to the health of the residents. Of course, this model
also has certain limitations. Some regions may also undergo
industrial transformation and upgrading due to the pressure set
by economic growth targets. The new momentum of economic
growth after the transformation can ensure residents’ health
while ensuring economic growth, and because of this article,
no indicators to measure regional industrial transformation and
upgrading are added, so such effects cannot be assessed.

∂h

∂G
=

1

γ2
·

ω

G ↓
> 0 (9)

∂h

∂µ
=

1

γ2

(

−
1

µ ↑

)

< 0 (10)

On this basis, the following research hypotheses are proposed:
The pressure of the government’s economic goal setting will

have a negative impact on residents’ health because of the
government’s behavioral preferences.

To explore the role of environmental pollution in the
government’s economic goal setting pressure on residents’ health,
we combine formulas (6) and (7) to replace lnZ, and formula (11)
can be obtained, which is the logarithm of the environmental
pollution stock X Taking the partial derivative of the logarithm
lnY of the output level, we can obtain formula (12). According
to formula (12), the degree of environmental pollution changes
in the same direction as output growth. The faster the output
growth rate, the more serious the environmental pollution.

lnX =
1

1− η
·
(

lnY − ω lnG+ lnµ
)

(11)

∂ lnX

∂ lnY
=

1

1− η
> 0 (12)

On the other hand, let the healthy human capital h in formula (8)
obtain the partial derivative of the environmental pollution stock
X, and then formula (13) can be obtained. From formula (13), it
can be seen that environmental pollution and residents’ health
change in the opposite direction, and environmental pollution
will directly lead to a decline of residents’ health.

∂h

∂X
= −

η

X
< 0 (13)

On this basis, the following research hypothesis is proposed:
The pressure set by the government’s economic goals results

in environmental pollution, which has a negative impact on
residents’ health.
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METHODOLOGY

Panel Fixed Effects Model
Based on the above theoretical model argumentation, this paper
constructs a panel fixed effects model to test the relationship
between the pressure to reach economic growth targets and
residents’ health as well as influencing factors. With reference to
the existing related research, the panel fixed effects model set in
this paper is as follows:

Healthit = α0 + α1Pressureit + α2Xit + µi + εit (14)

In model (14), pressure represents the pressure brought by
the setting of economic growth goals; Health represents the
health status of residents; Xiti is the control variable; α1 and α2

represent the coefficients of the core explanatory variable and
the control variable, respectively; µi represents samples from
different provinces Individual fixed effect; εit is a random error
term; i and t represent province and year, respectively.

Sobel-Goodman Mediation Tests
In order to further explore the relationship between the pressure
to reach economic growth targets and residents’ health and its
mechanism of action, this paper uses a hierarchical regression
method to establish an intermediary mechanism test model
as follows:

Healthit = α0 + α1Pressureit + α2Xit + µi + εit (15)

Mit = β0 + β1pressureit + β2Xit + µi + εit (16)

Healthit = γ0 + γ1Pressureit + γ2Mit + γ3Xit + µi + εit

(17)

Healthit = θ0 + θ1Pressure
∗
itRit + θ2Xit + µi + εit (18)

In the intermediary effect model, Pressureit represents the
pressure brought by the setting of economic growth goals;
Health represents residents’ health; Xit is a control variable; Mit

represents the intermediary variable that represents the living
environment of residents, including the PM2.5 concentration
in the air Pwairit and industry solid waste discharge Solidit ;Rit
represents the regulatory variable, ln_paware and ln_induspro
reflecting environment awareness and industrial production;
Pressure∗itRit is interactive item. α1 and α2, respectively, represent
the core explanatory variable and the coefficient of the control
variable of formula (15), respectively; β1 and β2 represent the
coefficient of the core explanatory variable and the control
variable of formula (16), respectively; γ1 and γ2 represent the
formula (17) core explanatory variables and coefficients of the
control variables, respectively; θ1 and θ2 represent the coefficients
of the core explanatory variables and control variables of formula
(18), respectively; µi represents the individual fixed effects of
samples in different provinces; εit is the random error term; i and
t represent the province and year, respectively.

DATA

This paper selects annual data from 2003 to 2019 for all inland
provinces, autonomous regions, and four municipalities in China

except Tibet, with a total of 510 observations. Due to the lack
of some environmental data before 2003, to ensure the validity
of the research, the time node of the empirical research is
set to start in 2003. The data in this article comes from the
“China Statistical Yearbook,” “China Environmental Statistics
Yearbook,” and reports on the work of the National Bureau
of Statistics and provincial governments. This paper uses the
trend function interpolationmethod to calculate the GDP growth
forecast for the next year as the expected economic growth rate
using the actual GDP growth rate for each consecutive 5 years,
and then subtracts the economic growth target and the expected
economic growth rate to obtain the economic. The growth target
pressure index Pressureit serves as the core explanatory variable.
The malnutrition rate of children under five is used to measure
residents’ health. This is a negative indicator. The larger the
indicator is, the lower residents’ health is. A large number of
empirical studies have shown that economic growth has a positive
effect on residents’ health (30). However, the impact of economic
growth on the environment shows an inverted U-shaped trend
(31), which represents damage to the environment in the early
stage of industrialization; Furthermore, when reaching the end
of industrialization, technological innovation reduces the damage
to the environment by production less and less. The pressure to
reach economic growth targets will affect the industrial structure
and inhibit green technological innovation (32), thereby causing
environmental pollution. Therefore, this article focuses on the
pressure to reach economic growth targets, and studies whether
this pressure promotes or inhibits residents’ health.

Since the relationship between the pressure to reach economic
growth targets and residents’ health may be affected by external
factors, this paper selects six control variables to strengthen
the credibility of the model. The first is the government’s
fiscal revenue (Grec), which reflects the government’s ability to
transfer payments. It directly affects the government’s investment
in public goods, infrastructure, and residents’ health (33), as
well as the degree of investment in the governance of the
ecological environment. The second is fiscal expenditure (Fe),
which reflects the government’s fiscal decentralization, has a
stimulating effect on economic growth targets (34), and is also an
important factor in government investment in health (35). The
pressure on economic growth targets may cause the government
to relax environmental controls on industrial enterprises to
achieve short-term goals. The third is education level (Edu),
which is used to represent human capital. The improvement of
education level means the improvement of regional technology
level, which can significantly and efficiently promote economic
growth (36, 37), which is an important reference element for
setting economic growth goals; at the same time, education
level and health are closely related (38). The fourth is labor
wage (Laborwage), which determines the spending power of
workers. The higher the salary is, the greater the propensity
to invest in health is, and the more health level of residents
will rise (39). The fifth is the total amount of imports and
exports (Export), which measures the degree of opening up of a
region and can effectively reflect the status of regional economic
development and the degree of openness of society. The sixth is
the policy variable (Policy), which is measured by the time point
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FIGURE 1 | GDP and GDP target pressure in south region and north region.

when the Chinese Environmental Protection Law was formally
implemented the construction of dummy variables representing
2015. The promulgation of the Environmental Protection Law is
accompanied by the advancement of a series of environmental
protection policies, which makes the government must adhere
to sustainable development (40) by coordinating the pressure to
reach economic growth targets and residents’ health. Due to the
lack of individual data, this article uses interpolation to fill in
missing data; when used for empirical purposes, part of the data
is processed by logarithm.

Figures 1, 2 reflects the change trend of the total GDP of
the sample by region and the change of the pressure to reach
economic growth targets. Judging from the overall trend reflected
in the figure, the total GDP of each region has maintained
a growth trend, and the target pressure of economic growth
showed a downward trend before 2008. The period from 2008
to 2014 was the period of rising of the target pressure of
economic growth, and until 2015, the pressure has eased in
the future. Figure 1 shows the comparison of the data between
the southern provinces and the northern provinces. The total
GDP and growth rate of the southern provinces is higher as a
whole, while the pressure to reach economic growth targets of
the northern provinces is greater, and it continues to exist until
∼2014. Figure 2 is a comparison of data between economically
developed and less developed regions. The figure shows that the
total GDP of developed regions is much higher than that of
less developed regions, while less developed regions face greater
pressure on economic growth targets, reaching a peak in 2017.
The economic pressure in developed regions is relatively small.

Figure 3 shows the nuclear density map of the pressure to
reach economic growth targets faced by various provinces in
different years. In Figure 3, the nuclear density curve shows a
rightward shifting trend, and the peak value shows a trend of
first decreasing and then increasing over time. It is basically
stable in 2015, and the abscissa was in the range of 0–2.
This shows that in the early years, the pressure to reach
economic growth targets was small or there were fewer provinces
with the pressure to reach economic growth targets; however,
after 2015, the pressure to reach economic growth targets was
increasing, or most provinces had the pressure to reach economic
growth targets.

Table 1 shows the descriptive statistics of the variables.
The average value of residents’ health indicators is 2.043, the
minimum is 0.06, and the maximum is 16.66. This shows that the
time and space of residents’ health level is quite different, which
may be related to health policy and environmental protection
policy. Regarding the pressure to reach economic growth
targets, the minimum and maximum values are −6.69 and 7.99,
respectively, which are extremely different. The main reason
is that different provinces and regions face different economic
development conditions and face different levels of pressure.
During the study period, the government’s fiscal expenditures
changed little and were basically stable; however, the government
revenue was relatively large, which may be related to changes
in taxation policies. The education level indicator tends to be
stable, with small changes, while the labor compensation and
total import and export changes are relatively large, which is also
highly related to regional economic development.
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FIGURE 2 | GDP and GDP target pressure in developed region and less developed region.

FIGURE 3 | Kdensity of the pressure to reach economic growth targets.

EMPIRICAL RESULTS

Before conducting empirical analysis, it is necessary to test the
stationarity of the data sample to avoid spurious regression in the
model. Table 2 shows the ADF test on the important variables
involved in the model, using the LLC test (41) and the IPS (42)
test, which are two different methods to ensure the robustness of
the results. The LLC test allows for different intercept terms and
time trends, as well as heteroscedasticity and autocorrelation; IPS
is more sensitive to limiting trend settings. The results show that
there is no unit root in either the residents’ health indicators or

TABLE 1 | Descriptive statistics of the variables.

Variables Obs Mean Std. Dev. Min Max

Health 510 2.043 2.025 0.060 16.660

Pressure 510 −0.877 2.177 −6.690 7.990

ln _grec 510 16.480 1.132 12.613 21.472

ln _fe 510 16.877 0.990 13.868 18.969

ln _edu 510 2.161 0.116 1.798 2.543

ln _laberwag 510 8.496 1.042 5.350 10.732

ln _export 510 17.148 1.707 12.734 20.811

the pressure to reach economic growth targets indicators. Other
important explanatory variables are also significant at the 5%
confidence level. Therefore, the overall data tend to be stable, and
regression analysis can be performed.

Regression Analysis Results
The first column of Table 3 shows the results of the regression
estimation of the pressure to reach economic growth targets on
the residents’ health level after controlling for the influence of
other possible factors. There is an inverse relationship between
the pressure to reach economic growth targets and the residents’
health; the regression coefficient is 0.0939, which is significant
at the 1% confidence level. This suggests that for every unit
increase in the pressure to reach economic growth targets, the
residents’ health level drops by 0.0939 units. The pressure to
reach economic growth targets stimulates the government to
grasp economic growth, and the substitution effect of economic
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TABLE 2 | Panel unit root tests.

Variables LLC unit – root test IPS unit – root test

Adjusted t p − value Z − t − tilde − bar p − value

Health −11.1104 0.0014 −8.8833 0.0000

Pressure −14.0485 0.0000 −2.9364 0.0017

ln _grec −16.6579 0.0000 −5.7398 0.0000

ln _fe −6.2819 0.0000 −2.6140 0.0045

ln _edu −4.4268 0.0258 −4.5849 0.0000

ln _laberwag −8.3140 0.0001 −1.7761 0.0379

ln _export −11.0336 0.0000 −5.2395 0.0000

pwair −10.6798 0.0000 −5.6987 0.0000

ln _solid −6.3954 0.0014 −2.2124 0.0135

ln _paware −11.4883 0.0007 −4.3998 0.0000

ln _induspro −13.3044 0.0000 −8.8325 0.0000

TABLE 3 | Regression analysis and heterogeneity analysis results.

Variables Health

Total Developed Developing North South

Pressure 0.0939*** 0.0920 0.0931*** 0.0960** 0.104*

(0.0312) (0.0574) (0.0305) (0.0385) (0.0560)

ln _grec −0.510** −0.462* −0.660 −0.686 −0.403

(0.230) (0.230) (0.437) (0.457) (0.230)

ln _fe −0.285 0.856 −0.334 −0.482 −0.0698

(0.527) (1.307) (0.652) (0.961) (0.884)

ln _edu 0.397 −8.099 4.117** 2.199 −1.514

(3.593) (9.266) (1.717) (2.016) (6.641)

lnlaberwag −0.245 −0.972 −0.338 0.171 −0.475

(0.635) (1.551) (0.931) (1.041) (0.949)

lnexport −0.695** −0.660* −0.713 −0.869* −0.614**

(0.292) (0.308) (0.419) (0.441) (0.265)

Policy 0.182 0.299 0.134 0.0266 0.229

(0.165) (0.192) (0.228) (0.246) (0.167)

Constant 28.42*** 33.93** 23.86*** 29.34*** 28.38***

(4.648) (12.40) (3.675) (6.763) (6.345)

Observations 509 170 339 254 255

R− sq 0.468 0.464 0.486 0.462 0.488

Number 30 10 20 15 15

Notes: ***, **, and * respectively indicates significance at the 1%, 5% and 10% level.

Standard error in parentheses.

growth on residents’ health is far greater than the income effect,
and will generally reduce residents’ health. In addition to the core
explanatory variables, the level of government fiscal revenue and
the degree of opening to the outside world have a significant
positive impact on residents’ health, with a significance level of
5%. The increase in fiscal revenue has improved the government’s
ability to transfer payments, stimulated investment in medical
care, and affected residents’ health. Expanding the degree of
opening to the outside world can improve the regional industrial
structure, promote technological innovation (43), curb pollution
emissions, and improve health.

Heterogeneity Analysis
The second to fifth columns of Table 3 analyze the samples
according to the degree of economic development and
geographic heterogeneity. As shown in Table 3, columns 2
and 3 reflect the regression results of the panel fixed effects
model for developed and less developed regions. According
to the GDP ranking of each province in the most recent year,
the top ten are listed as developed regions, and the rest are
unified and included in the statistics of less developed regions.
The results show that the pressure to reach economic growth
targets in developed regions does not have a significant effect
on residents’ health. There are two possible reasons. On the one
hand, the pressure on economic growth targets in developed
regions is relatively small, and there is even little pressure on
economic growth targets in individual provinces. On the other
hand, developed regions mainly rely on high-tech industries,
high-quality service industries, the strong implementation of
green development, and a relatively high emphasis on residents’
health. However, for less developed regions, the negative
effect of the pressure to reach economic growth targets on
residents’ health is significant at the 1% confidence level, with
a coefficient of 0.0931. Less developed regions do not have a
solid foundation for development as developed regions do. To
achieve the economic growth targets set, the government may
rely on industrial pull in the short term, ignoring environmental
impacts on residents’ health. In addition, although human capital
variables have a significant effect, human capital in undeveloped
areas is easily siphoned off by developed areas, resulting in
insufficient economic growth potential and more pressure.

Columns 4 and 5 of Table 3 reflect the regression results
of subsamples in southern and northern China, respectively.
There are obvious differences in the economic development
of Chinese regions; thus, the sample is divided into two parts
according to the geographical dividing line of north and south
China. The results show that the negative impact of the pressure
to reach economic growth targets in the northern region on
the health level is 0.096, with a significance level of 5%, while
the southern region is also negatively affected, with an impact
coefficient of 0.104 and a confidence level of 10%; that is, the
northern region’s impact is more obvious. The possible reasons
are that, on the one hand, most of the southern regions of
the country have a subtropical monsoon climate, with a better
ecological environment, and most of the industries are light
manufacturing industries, which are more suitable for residents’
lives than in the north and can partially alleviate the pressure
of economic growth targets and thus affect residents’ health.
On the other hand, more areas in the north are industrial
or resource-mining areas with abundant mineral resources. In
the early years, the resource-driven economic growth model
harmed the environment, making it difficult to manage growth,
and intensified the pressure on economic growth targets, which
influences residents’ health.

Robustness Check
To ensure the reliability of the empirical results, this paper
conducts a robustness test, mainly using different estimation
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TABLE 4 | Robustness check.

Health Health

GLS Changing the Length of Time

Pressure 0.0421*** 0.0213*** 0.0808* 0.0669**

(0.00462) (0.00552) (0.0416) (0.0327)

ln _grec −0.228*** −0.148*** −0.438 −0.108

(0.0181) (0.0156) (0.299) (0.111)

ln _fe −0.599*** −0.668*** 0.935 −0.705***

(0.0411) (0.0444) (0.932) (0.181)

ln _edu −4.803*** −4.868*** 4.980 −8.262***

(0.213) (0.251) (4.599) (0.803)

lnlaberwag 0.122*** −1.215 0.173

(0.0459) (1.399) (0.147)

lnexport −0.145*** −1.611*** −0.240***

(0.0250) (0.488) (0.0576)

Constant 26.15*** 27.46*** 20.80** 35.76***

(1.024) (1.234) (8.990) (3.529)

Observations 510 510 240 240

Number 30 30 30 30

Notes: ***, **, and * respectively indicates significance at the 1%, 5% and 10% level.

Standard error in parentheses.

methods and different sample ranges to compare with the basic
results to examine whether the test results are consistent.

The generalized least squares method (GLS) is used to
eliminate the autocorrelation of the random error term of
the panel fixed-effects model, and then perform regression.
According to the estimation results in columns one and two
in Table 4, under the estimation of generalized least squares
regression, the effect of the pressure to reach economic growth
targets on residents’ health is still negative, which is consistent
with the estimated results of the panel fixed effects model, but
the coefficients are slightly changed. This can show that the
results of the estimation of the relationship between the pressure
to reach economic growth targets and residents’ health in this
article are robust. In addition, considering the characteristics
of different stages of Chinese economic development, economic
development in the early years was mainly to promote growth;
however, in recent years it has been emphasized that high-quality
economic development, development speed and quality go hand
in hand, which means that the theme of green development has
been incorporated into the national strategy (44). This paper
narrows the time frame of the study to 2003–2010 to test whether
the above estimation results are robust. Column 3 and column
4 of Table 4 are the results of 30 provinces and cities in China
from 2003 to 2010, respectively, using a panel fixed effects model
and generalized least squares method. The results show that the
pressure to reach economic growth targets still has a significant
negative impact on residents’ health. The influence coefficients
are 0.0808 and 0.0669, respectively, which ensure the reliability
and robustness of the empirical results in this paper.

Mechanism Analysis
Mediation Effect
The previous theoretical analysis puts forward the hypothesis
that the pressure set by the government’s economic goals

is transmitted through environmental pollution, which has a
negative impact on residents’ health. To verify this hypothesis,
this article further uses themediation effect model to test whether
the mechanism proposed in the hypothesis exists and is effective.
Refer to Table 5 for the estimated results of the mediation effect
model. The first and second columns represent the regression
analysis of the core explanatory variable pressure on the two
selected mediation variables (air quality and industrial solid
waste emissions), and the impact coefficients are found to be
0.0895 and−0.0115. However, they are not significant enough. A
possible reason is that environmental indicators are also affected
by other uncontrollable factors such as environmental protection
propaganda, individual behavior habits and other variables.
Further analysis of the third and fourth columns of Table 5

showed that the intermediary indicators were incorporated into
the overall fixed effects model to construct formula (17). The
results show that not only does the pressure to reach economic
growth targets index has a significant negative impact on
residents’ health, the impact coefficients are 0.0913 and 0.0788,
with a confidence level of 5%, but also air quality and industrial
solid waste emissions have had a significant impact on residents’
health. With reference to Wen’s (45) intermediary mechanism
test steps and determination methods, this article supplements
the use of the Sobel test to further determine the existence of
the intermediary effect. According to the results in Table 6, the
p-values of the Sobel statistic are all <0.1, which indicates that
the intermediary variables selected in this article are effective.
Therefore, the effect of the intermediary mechanism can be
further analyzed. According to the intermediary effect model,
the product of the β1 and γ2 coefficients of the intermediary
variables Pwair and Ln_solid in formulas (16) and (17) are all
positive numbers, and the coefficients of γ1 are both significant,
which indicates that the pressure to reach economic growth
targets can produce some mediating effects by affecting the
environmental quality, thereby affecting residents’ health, and
the mediating effects accounted for 2.74 and 16.1%, respectively.
Specifically, the pressure to reach economic growth targets
has caused some areas to pursue excessive economic growth
and ignore the environment, which has led to an increase in
PM2.5 concentration and an increase in solid waste emissions,
which ultimately inhibits residents’ health; thus, verified the
previous hypothesis. Before entering the stage of high-quality
development, China’s early economic growth was mainly driven
by industry, and there were still insufficient environmental
governance. Secondly, there are GDP assessment tasks in various
provinces and regions, and the governments of some provinces
have a bad tendency to be GDP-only, which inhibits innovation
to a certain extent, leading to the existence of a “priority
development, later governance” model. Combined with the
descriptive analysis of the target pressure on economic growth in
this article, this model was very common in the early stage, and
it formed a situation where the pressure on the early economic
growth target was less. At the same time, air quality and industrial
emissions cannot be effectively controlled, and the health of
residents has also been negatively affected. However, after 2015,
the 13th Five-Year Plan has elevated green development to a
national strategic position. Provinces and cities have to change
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TABLE 5 | Mediation analysis.

Variables Pwair Health Ln_solid Health

Pressure 0.0895 0.0913*** −0.0115 0.0788**

(0.199) (0.0298) (0.00880) (0.0335)

Pwair 0.0287**

(0.0116)

ln _solid −1.315***

(0.368)

ln _grec 1.750 −0.560** 0.120 −0.352**

(1.135) (0.247) (0.0830) (0.158)

ln _fe 3.510 −0.385 0.477** 0.343

(2.258) (0.497) (0.203) (0.575)

ln _edu −18.29** 0.921 −0.133 0.222

(8.761) (3.391) (0.547) (3.280)

lnlaberwag 4.960 −0.387 0.0289 −0.207

(3.020) (0.638) (0.259) (0.585)

lnexport −4.535*** −0.565* −0.0182 −0.719***

(1.635) (0.329) (0.107) (0.233)

Policy −13.33*** 0.564** −0.157*** −0.0243

(1.271) (0.267) (0.0536) (0.120)

Constant 38.39* 27.32*** −1.041 27.05***

(19.19) (4.283) (1.583) (4.081)

Observations 509 509 509 509

R− sq 0.392 0.479 0.679 0.529

Number 30 30 30 30

Notes: ***, **, and * respectively indicates significance at the 1%, 5% and 10% level.

Standard error in parentheses.

TABLE 6 | Sobel-Goodman mediation tests.

Variables Sobel Goodman − 1 Goodman − 2

z-value p-value z-value p-value z-value p-value

ln _solid −2.029 0.042 −1.992 0.046 −2.069 0.039

pwair −1.731 0.084 −1.706 0.088 −1.756 0.079

the model of first development and then governance, and
coordinate economic growth with environmental governance.
The pressure on economic growth targets is relatively obvious.
Under the collaborative governance model, residents’ health has
been effectively improved.

Regulatory Effect
When studying the impact of government economic goal setting
pressure on residents’ health, this paper finds that some potential
factors can have an effect on this impact. Therefore, this paper
chooses residents’ environmental awareness (ln _paware) and
industrial production (ln _induspro) as the regulatory variables
to test whether they can adjust the relationship between the
pressure to reach economic growth targets and residents’ health.
The environmental awareness index is measured by dividing
the area’s annual domestic waste removal and transportation
volume by the total population, reflecting the per capita waste
production volume. The industrial production index is expressed

TABLE 7 | Regulatory effect.

Variables Health Health

Paware lninduspro

pressureln_paware −0.0327*** −0.0298***

(0.0117) (0.00996)

pressurelninduspro 0.0142*** 0.0130***

(0.00405) (0.00392)

ln _grec −0.602** −0.514** −0.574** −0.507**

(0.220) (0.229) (0.212) (0.228)

ln _fe −0.915*** −0.274 −0.957*** −0.217

(0.282) (0.530) (0.268) (0.523)

ln _edu 1.835 0.756 1.268 0.377

(3.476) (3.522) (3.470) (3.535)

lnlaberwag −0.236 −0.318

(0.643) (0.639)

lnexport −0.705** −0.708**

(0.294) (0.291)

Policy 0.219 0.150

(0.160) (0.155)

Constant 23.52*** 27.59*** 25.01*** 28.15***

(5.243) (4.523) (5.368) (4.573)

Observations 510 510 509 509

R− sq 0.439 0.464 0.447 0.471

Number 30 30 30 30

Notes: ***, **, and * respectively indicates significance at the 1%, 5% and 10% level.

Standard error in parentheses.

by the total industrial output value of the year. The interaction
terms between the regulatory variables and the core explanatory
variables are introduced. According to the results in Table 7,
the coefficient of the interaction term (pressure∗ln_paware) after
adding the control variables is significant at the 1% confidence
level, with a coefficient of −0.0298, which indicates that the
public’s environmental awareness The increase can alleviate the
inhibitory effect of the pressure to reach economic growth
targets on residents’ health to a certain extent; the coefficient
of the interaction term (pressure∗ln_induspro) is 0.013, which
is also significant at the 1% confidence level, which means that
the increase in industrial output value is certain. To a certain
extent, it promotes the restraining ability of the pressure to
reach economic growth targets on residents’ health. As the
country pays attention to environmental protection awareness,
encourages conservation, reduces garbage, and promotes garbage
classification, residents’ awareness of environmental protection
has increased significantly. This has significantly improved the
quality of the residents’ living environment. Secondly, the state’s
stricter control of industrial emissions has further promoted
the improvement of the environment and restrained the trend
of excessive industrial growth regardless of the environment.
The enhancement of environmental protection awareness and
industrial production management has enabled residents’ health
to be maintained at a good level under the pressure of existing
economic targets.
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CONCLUSIONS

This paper conducts a panel unit root test on the series of
variables related to the pressure to reach economic growth
targets and residents’ health level, and the results show that
the data are stable. Subsequently, through the nuclear density
map of the economic target pressure of each province in
different years, which shows that the economic growth target
pressure presented a trend of first decreasing and then increasing.
On this basis, this paper uses the panel fixed effects model
to explore whether the impact of the pressure to reach
economic growth targets on residents’ health is restrained
or promoted based on the panel data of 30 provinces and
cities in Chinese inland provinces and regions from 2003
to 2019. The empirical results show that the pressure to
reach economic growth targets has a significant inhibitory
effect on residents’ health, and this inhibitory effect of the
northern provinces is more obvious than that of the southern
provinces; In addition, the pressure to reach economic growth
targets in developed areas has an insignificant effect on
residents’ health, while in less developed areas, the effect is
stronger. Furthermore, this paper uses the logarithm of the
regional PM2.5 concentration (Pwair) and industrial solid
waste discharge (Solid) as the intermediary variables to verify
the mechanism of the pressure to reach economic growth
targets on residents’ health. The results show that PM2.5
concentration and industrial solid waste emissions have a partial
mediating effect. It is verified that the pressure generated
by the government’s economic growth target will increase
industrial pollution emissions, decrease air quality, and thereby
inhibit residents’ health. Finally, this paper selects the public
environmental awareness (paware) and the logarithmic form of
total industrial output (induspro) as adjustment variables, and
studies their adjustment effects in the process of the pressure to
reach economic growth targets on residents’ health. The results
show that the increase in public awareness of environmental
protection can weaken the negative impact of the pressure
to reach economic growth targets on residents’ health, and
that the increase in industrial production will aggravate the
inhibitory effect of the pressure to reach economic growth

targets on residents’ health. In summary, these conclusions
provide a path for the government’s environmental protection

department andmedical care department to respond to the policy
planning of economic growth targets. First, the government
should give more consideration to environmental factors
when formulating economic growth targets, and appropriately
reduce the pressure on the targets. Second, in terms of
environmental governance, the government should strengthen
the environmental protection policy of energy conservation
and emission reduction, coordinate the relationship between
production and environmental protection, and increase transfer
payments for residents’ health and environmental protection.
Finally, the government must pay attention to the construction
of the environmental protection legal system and cultivate public
awareness to protect residents’ health.
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The Impact of Medical Insurance on
Household Stock Market
Participation: Evidence From China
Household Finance Survey
Gui Fen Shi, Mei Li, Tao-Tao Shen* and Yue Ma

School of Economics and Management, Northeast Normal University, Changchun, China

This paper explores the impact of medical insurance on the possibility of household

participation in the stock market and the portfolio share of equity, applying Probit, and

Tobit models with the data from China Household Finance Survey (CHFS). The empirical

results highlight that participating in medical insurance can significantly increase the

possibility of households participating in the stock market and the portfolio share of

equity, and have passed the robustness tests, including propensity score matching

(PSM), altering estimation methods, replacing explained variables, and eliminating

samples. Besides, heterogeneity analysis shows that the impact of medical insurance

on household stock market participation is more significant in eastern region, urban

areas, and households with higher income level. Further mechanism analysis implies

that household participation in medical insurance mainly affects their stock market

participation through preventive savings effect. It is necessary to improve the medical

insurance system and encourage household participation in stock market so as to further

promote financial development in China.

Keywords: medical insurance, household stock market participation, China household finance survey, preventive

savings effect, financial development

INTRODUCTION

This paper aims to explore whether the possibility of household participation in the stock market
responds to medical insurance, and how the participation in medical insurance affects the portfolio
share of equity. It reveals the mystery of limited participation in the stock market from a new
perspective, thereby providing new ideas for optimizing the allocation of household financial assets.
With the development of Chinese financial market, the number of listed companies in China has
increased from 1,088 in 2000 to 3,777 in 2019, and the amount of stock financing has also risen from
210.3 billion yuan in 2000 to 1,253.9 billion yuan in 2019. However, the proportion of household
financial assets of Chinese urban households is only 11.8% in 2017, much lower than in developed
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countries such as the United States (42.6%) and Japan (61.1%)1.
According to China Household Finance Survey (CHFS) statistics
in 2015, the participation rate of Chinese household stock market
accounts for only 9.3%, and the proportion of equity asset is
3.0%. Besides, China has a distinct dual economic structure and
unbalanced regional economic development; thus, household
stock market participation has shown limited and unbalanced
characteristics (1). These two features have adverse effect on the
preservation and appreciation of household wealth, as well as
affect the diversified development of Chinese financial market.

The main factors that limit the participation of household
stock markets can be explained in five aspects. First of all,
high transaction cost and complex tax issues in stock market
result in low investment motivation (2). Second, social factors
such as risk attitudes, social capital, social network, and social
interaction should be considered by households participating
in the stock market (3–5). Then, demographic and household
characteristic variables such as age, gender, marital status,
population size, demographic structure, education level, income
level, and wealth status have gradually been incorporated into
the influence factors of the household stock market participation
with the popularization of microsurvey data (6–8). Besides,
financial knowledge and financial literacy, which affect the
ability of decision-makers to identify and analyze financial asset
information, are also important factors that affect household asset
allocation. Residents with a higher level of financial knowledge
not only have a higher participation rate, but also have a more
diversified allocation types (9–11). Finally, as the existence of
background risk such as labor income risks, health and life risks,
the increase of household precautionary savings has a crowding-
out effect on financial market participation (12, 13). With
the improvement of living standards and insurance awareness,
residents put more emphasis on health and life risks, and their
demand for life security has increased. Scholars have begun to
focus on the relationship between social security system and
household risky asset investment. According to recent studies,
the social security system can increase the breadth and depth
of risky asset investment (14, 15). But related studies on the
relationship between medical insurance and the participation in
stock market are few.

In summary, this paper may have the following marginal
contributions. First, most studies on the influence factors of
household stock market participation mainly focus on the
analysis of transaction costs, social factors, household, and
demographic variables. We attempt to study the impact on
household participation in stock market from the perspective
of medical insurance, and test the influence mechanism at
the same time. Second, based on the imbalance of Chinese
regional economic development and the distinctive features of
the urban–rural dual economic structure, we also analyze the
heterogeneity from different perspectives of regions, urban–rural,
and household income level. Third, we use the propensity score
matching (PSM) method to deal with the possible endogeneity,

1Data come from “China Urban Household Wealth Health Report 2019.” Among

them, the data on the proportion of financial assets of urban households in the

United States are from 2016, while those of Japan are from 2017.

and a variety of robust methods are used to verify the accuracy
and reliability of the empirical results.

The rest of the paper is structured as follows. Section
Literature Review and Research Hypothesis reviews the existing
literature and proposes research hypothesis. Section Data,
Variables and Empirical Models presents data, variables, and
empirical models. Section Empirical Results and Analysis
presents empirical results and corresponding analysis, and
Section Conclusions and Policy Recommendations offers
research conclusions and policy recommendations.

LITERATURE REVIEW AND RESEARCH
HYPOTHESIS

Classical asset portfolio theory believes that household makes
corresponding investment plans according to their estimates
of costs and benefits and their own risk-bearing capacity,
so as to maximize household welfare (16–18). It is generally
believed that household should hold a certain percentage of
risky financial assets as long as there is a positive risk premium
(19). However, Chinese households still face the problem of
limited participation in risky assets, especially the stock market.
According to an authoritative survey, Chinese household stock
market participation rate in 2014 is only 6.5% (20). To explore
the reasons for the limited participation of household financial
assets in China, background risks such as labor income risks and
health and life risks cannot be ignored. Health and life risks are
important factors faced by Chinese households, and medical and
health care expenditures account for a large proportion of the
total household income and expenditures. According to statistics
in 2018, the medical expenses for inpatients in general hospitals
in China is 10,124.6 yuan per capita, while the urban disposable
income per capita is 39,250.8 yuan, and the rural disposable
income per capita is 14,617.0 yuan in the corresponding year2.
Medical expenses account for about 30% of urban and 70% of
rural disposable income per capita. It shows that the existence
of diseases and health risks may cause households to fall into
economic difficulties at any time, especially for rural households,
which may further affect the household participation in the
stock market.

Medical insurance, as an important part of the social security
system, provides a health and life safety net for the insured
households, reduces the uncertainty of future expenditures of
residents, and has an important impact on the participation
of Chinese household in the stock market. China has set up
three major medical insurance systems from 1998 to 20073.
The establishment of the medical insurance system effectively
alleviates the burden of the actual medical expenses and virtually
increases the household wealth (21). The precautionary savings

2Data come from “China Health Statistics Yearbook 2019” and “China Statistics

Yearbook 2019”.
3In 1998, the Chinese government promulgated the “Decision on Establishing a

Basic Medical Insurance System for UrbanWorkers” and began to establish a basic

medical insurance system for urban employees throughout the country. In 2003, it

launched a pilot project for a new rural cooperative medical insurance system. In

2007, it introduced a basic medical insurance system for urban residents.
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theory shows that the reduction of the risk of future large
expenditures will prompt the household to reduce precautionary
savings (22). According to Keynes’s theory of money demand,
as households invest less in low-risk investments such as bank
deposits, they will put more assets into risky financial markets
(23). It can be drawn that participating in medical insurance
has an impact on household investment behavior by reducing
precautionary savings, which is so-called the preventive savings
effect of medical insurance.

The preventive savings effect of medical insurance has
an important impact on household consumption, investment,
and other behaviors. For household consumption, fewer
household savings mean higher household consumption under
the condition of certain income. Gan et al. (24) find that
Chinese urban household consume more than 200 billion yuan
in additional consumption due to medical insurance of urban
residents, while new rural cooperative medical insurance and
medical insurance for urban employees drive two to four
times the number of rural and urban household consumption,
respectively. Zang et al. (25) prove that annual nonmedical
consumption expenditure of urban insured households is 13.0%
higher than that of noninsured households. Bai and Wu
(26) hold that the new rural cooperative medical insurance
increases the consumption of insured household by 5.5%. For
household investment, according to Kimball’s risk aversion
theory, households participating in medical insurance can obtain
a certain degree of protection in disease and health; therefore,
they will readjust the matching of returns and risks, and increase
the investment of higher-risk assets accordingly (27). Wu and
Zhou (28) propose that medical insurance can significantly
affect the household financial asset allocation and increase the
possibility of risky asset participation and the proportion of
investment (29). Yi et al. (30) focus on the relationship between
commercial medical insurance and household financial asset
allocation, and find that commercial medical insurance can
significantly increase the participation rate and the share of risky
financial assets. It shows that the preventive savings effect can not
only increase the probability of households participating in the
stock market, but increase the depth of household participation
in the stock market as well.

Based on the above analysis, this paper proposes the following
research hypotheses.

H1: Participating in medical insurance can significantly increase
the possibility of household participation in the stock
market and the proportion of equity asset.

H2: Medical insurance mainly affects household stock market
participation through preventive savings effect.

Chinese dual economic structure restricts the development of
the rural economy, and there is a big difference in disposable
income per capita between urban and rural areas. Chinese urban
disposable income per capita is 31,195 yuan, while that in
rural areas is 11,422 yuan in 20154. The disparity of economic
development between urban and rural areas will inevitably
lead to great gap in the level of financial development and
financial basic services. In addition, the sharp differences in

4Data are from the National Bureau of Statistics: http://www.stats.gov.cn/

education and financial knowledge of urban and rural residents
are also important factors in determining whether they can
obtain financial information in timely and effective manners.
According to CHFS statistics in 2015, the participation rate and
proportion of urban households in stock are 12.6 and 4.1%,
respectively, while those of rural households are only 0.5 and
0.2% (Table 1). Furthermore, the participation rate and the
proportion of stock assets of households in the eastern region are
13.5 and 4.3%, respectively, while those in the central region are
5.2 and 1.7%, and those in the western region are 5.4 and 1.8%
(Table 2). Therefore, there are great differences in stock market
participation between urban–rural areas and regions. Compared
with underdeveloped areas and rural areas, developed areas and
urban household have generally higher participation probability
and investment shares in the stock market.

Based on the above analysis, this paper proposes the following
research hypothesis.

H3: The positive promotion of Chinese medical insurance on
household stock market participation is more significant
in eastern region, urban households, and households with
higher income.

DATA, VARIABLES, AND EMPIRICAL
MODELS

Data
The data are from CHFS organized by the Survey and
Research Center for China Household Finance of Southwestern
University of Finance and Economics in 2015. The survey covers
363 counties and 1,439 village committees, involving 37,289
households and 125,248 individuals. In this paper, the age of
the householder in the samples is 16 years old and over, and
samples with missing values for the variables are removed to
obtain samples containing 11,863 households. In addition, the
data of the GDP per capita of the province representing the level
of regional economic development are from the National Bureau
of Statistics.

Descriptive Statistics
The explained variables are the possibility of household
participation in the stock market and the proportion of equity
asset. In the robustness test, we use the possibility of household
holding risky financial assets, proportion of risky financial
assets, and types of risky financial assets. The key explanatory
variable is based on whether the householder participates in
medical insurance (31)5. Drawing on existing literature (32,
33), three types of characteristic variables are introduced as
control variables. The first is personal characteristic variables
of householders, including gender, marital status, education,

5The medical insurance in this paper includes medical insurance for urban

employees, medical insurance for urban residents, new rural cooperative medical

insurance, medical insurance for urban and rural residents, public medical

insurance, commercial medical insurance purchased by enterprises, commercial

medical insurance purchased by individuals, enterprise supplementary medical

insurance, medical treatment for serious diseases, social mutual aid, and other

medical insurance. As long as the householder participates in one of the above

medical insurances, the household is considered to have participated in medical

insurance.
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TABLE 1 | Household financial asset allocation (overall and urban and rural).

Asset class Overall Urban Rural

Part rate

(%)

Scale

(U)

Pro

(%)

Part rate

(%)

Scale

(U)

Pro

(%)

Part rate

(%)

Scale

(U)

Pro

(%)

Cash 98.14 6,896.68 38.39 98.23 7,393.14 32.25 97.88 5,612.74 54.28

Current deposit 77.05 30,356.10 37.13 81.96 36,270.38 38.54 64.36 15,060.86 33.49

Time deposit 23.76 23,120.77 14.66 26.76 29,014.82 16.01 16.02 7,877.84 11.16

Stock 9.26 15,415.27 2.99 12.62 20,972.33 4.08 0.54 1,043.83 0.17

Fund 4.04 3,300.14 1.11 5.44 4,495.45 1.50 0.42 208.89 0.10

Bond 0.64 742.07 0.17 0.83 927.29 0.23 0.15 263.04 0.02

Finance products 11.91 11,898.43 3.47 15.72 15,902.59 4.59 2.06 1,543.04 0.58

Derivative 0.08 365.00 0.01 0.11 506.14 0.02 0.00 0.00 0.00

Part rate represents the participation rate, Scale is the holding scale, and Pro represents the proportion of asset allocation.

TABLE 2 | Household financial asset allocation (eastern, central, and western regions).

Asset class Eastern Central Western

Part rate

(%)

Scale

(U)

Pro

(%)

Part rate

(%)

Scale

(U)

Pro

(%)

Part rate

(%)

Scale

(U)

Pro

(%)

Cash 98.01 8,919.16 33.79 98.54 4,962.05 46.26 97.91 5,007.64 38.25

Current deposit 79.15 40,498.18 35.37 69.68 19,552.62 36.18 81.97 22,292.63 42.12

Time deposit 28.74 31,787.81 17.14 18.01 14,126.90 11.99 20.38 15,925.16 12.72

Stock 13.47 25,819.98 4.30 5.15 6,327.93 1.73 5.42 4,590.25 1.78

Fund 5.58 5,466.39 1.48 2.16 1,296.54 0.58 3.10 1,189.18 0.98

Bond 0.92 1,212.78 0.27 0.44 398.41 0.07 0.30 166.06 0.10

Finance products 16.35 19,720.20 4.84 6.58 4,784.00 1.75 9.16 4,122.65 2.72

Derivative 0.10 228.81 0.01 0.06 587.72 0.01 0.04 373.97 0.03

Part rate represents the participation rate, Scale is the holding scale, and Pro represents the proportion of asset allocation.

risk preference, financial knowledge, financial attention, and
state of health. The second is household characteristic variables,
including the total household population, the proportion of the
elderly, the income per capita of the household, wealth, whether
the household owns a house, social interaction, and degree
of trust. The third is regional characteristic variables, mainly
considering the GDP per capita of the province. The descriptive
statistics of related variables are shown in Table 3.

Model Setting
Benchmark Regression Model
We choose the Probit model to estimate the impact of
whether the household participates in medical insurance on the
probability of household participation in the stock market. The
Probit model is set as follows:

Stock_if ∗i = α1Medical_ifi + β1Xi + εi, where Stock_ifi

= I(Stock_if ∗i > 0) (1)

where Stock_ifi is a dummy variable set to one if household
i participates in stock market. Stock_ifi

∗ is a latent variable.
I(·) is a symbolic variable; if the expression in parentheses
is established, the value is 1; otherwise, it is 0. Medical_ifi

is a dummy variable of medical insurance in household. Xi

is a series of control variables, including the three types of
characteristic variables. εi is the independent and identically
distributed random disturbance item.

To estimate the effect of household participation in medical
insurance on the proportion of equity asset, we choose the Tobit
model, which is set as follows:

Stock_ratei = max{0, Stock_rate∗i }, where Stock_rate
∗
i

= γ1Medical_ifi + δ1Xi + εi (2)

where Stock_rate∗i is a latent variable, and Stock_ratei is the
proportion of equity asset. Other variables have the same
meanings as those in Equation (1).

Intermediary Effect Test Model
We refer to the mediating effect test model proposed by Baron
and Kenny (34) and specify the following econometric model:

Stock_ifi, Stock_ratei = θ i + cMedical_ifi+ η1Xi + εi (3)

Presavei = θi + aMedical_ifi+ η2Xi + εi (4)

Stock_ifi, Stock_ratei = θ i + cMedical + bPresavei

+ η3Xi + εi (5)
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TABLE 3 | Variable description and descriptive statistics.

Variables Definition Mean Standard deviation Minimum Maximum

Explained variables

Stock_if Yes (1), no (0) 0.09 0.29 0.00 1.00

Stock_rate Stock ratio (%) 2.93 11.77 0.00 100

Core explanatory variables

Medical_if Yes (1), no (0) 0.94 0.24 0.00 1.00

Personal characteristic variables of householder

Male Male (1), Female (0) 0.54 0.50 0.00 1.00

Age Age of householder 50.22 14.17 17.00 91.00

Age2/100 Age2/100 27.23 14.52 2.89 82.81

Married Yes (1), no (0) 0.88 0.33 0.00 1.00

Edu Non education (0), primary school (6), junior high school

(9), senior high school (12), technical secondary school

(13), junior college (15), undergraduate college (16),

graduate student (19), and doctoral student (22)

9.81 4.05 0.00 22.00

Attitude Risk preference (2), risk neutral (1), and risk aversion (0) 0.40 0.67 0.00 2.00

Know The ability to correctly answer three questions about

interest rates, inflation, and investment risks

1.06 0.92 0.00 3.00

Concern Never concerned (1), Very concerned (5) 2.22 1.09 1.00 5.00

Health Healthy (1), Unhealthy (0) 0.87 0.34 0.00 1.00

Household characteristic variables

Hpop Total population of a household 3.40 1.54 1.00 20.00

Old Percentage of population aged 60 and over in total 0.25 0.36 0.00 1.00

Pincome Log household income per capita 9.58 1.31 −0.69 15.43

Wealth Log wealth 12.83 1.48 3.60 16.81

House_if Yes (1), no (0) 0.93 0.25 0.00 1.00

Social_exp Log expenses for vocation, wedding, and funeral 7.84 1.14 0.00 10.31

Trust Very distrustful (1), Very trusting (5) 2.20 0.90 1.00 5.00

Regional characteristic variables

Pgdp The GDP per capita of the province (unit: ten thousand

yuan)

5.13 1.99 2.14 10.12

In Equations (3–5), other variables have the same meanings
as those in Equation (1) above, Presavei is the mediating
variable, while a, b, c, and c′ are the regression coefficients.
When the coefficients a, b, and c in the model are significant,
there is a mediating effect. Besides that, if c′ is not significant,
it is a complete mediating effect; otherwise, it is a partial
mediating effect.

EMPIRICAL RESULTS AND ANALYSIS

Benchmark Regression Results
We perform a series of empirical analysis of the relationship
between whether the household participates inmedical insurance
and their participation in the stock market. Benchmark
empirical results are shown in Table 4. The explained variable
in regressions (1–3) is whether to hold stocks, and that in
regressions (4–6) is the proportion of equity asset. Among them,
regressions (1) and (4) are the estimation results under the full
sample. We find that the regression coefficients of Medical_if
are significantly positive, which means medical insurance plays
a significant role in promoting stock market participation and
the proportion of stock in financial assets. Households with

medical insurance have lower financial risks caused by sudden
illnesses and thus make a riskier decision than those without. In
addition, we also subdivide medical insurance into social medical
insurance (regressions 2 and 5) and other medical insurances
(regressions 3 and 6)6. As mentioned before, the regression
coefficients of the core explanatory variables are still significantly
positive. The above regression results verify the hypothesis 1 of
this paper.

The following results of control variables are from models
(1) to (4). The coefficient of age (Age) is significantly positive,
while the square coefficient of age (Age2/100) is significantly
negative, which means age has an “inverted U” relationship
with the household stock market participation probability, and
so does the proportion of the stock market value. In other
words, there is a significant life cycle effect in household stock
market participation, which is the same as Fagereng et al.

6The social medical insurance includes medical insurance for urban employees,

medical insurance for urban residents, new rural cooperative medical insurance,

and medical insurance for urban and rural residents, while others mainly include

commercial medical insurance purchased by enterprises, commercial medical

insurance purchased by individuals, enterprise supplementary medical insurance,

and medical treatment for serious diseases.
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TABLE 4 | Benchmark regression results.

Variables Stock_if (Probit) Stock_rate (Tobit)

(1) (2) (3) (4) (5) (6)

Medical_if 0.1673*

(1.79)

0.1512**

(2.27)

0.1490**

(2.30)

9.8663**

(2.28)

7.5215**

(2.47)

4.6413*

(1.65)

Male −0.1769***

(−4.21)

−0.1790***

(−4.26)

−0.1727***

(−4.11)

−7.7505***

(−4.00)

−7.8250***

(−4.04)

−7.5968***

(−3.92)

Age 0.0711***

(6.34)

0.0702***

(6.26)

0.0713***

(6.38)

3.3391***

(6.42)

3.3050***

(6.34)

3.3811***

(6.50)

Age2/100 −0.0713***

(−6.00)

−0.0701***

(−5.88)

−0.0713***

(−5.99)

−3.3188***

(−5.98)

−3.2646***

(−5.87)

−3.3459***

(−6.03)

Married 0.1560**

(2.20)

0.1533**

(2.17)

0.1616**

(2.28)

7.1290**

(2.16)

7.0047**

(2.13)

7.3952**

(2.24)

Edu 0.0912***

(12.30)

0.0927***

(12.46)

0.0909***

(12.26)

4.0934***

(12.10)

4.1788***

(12.31)

4.1058***

(12.11)

Attitude 0.3553***

(12.51)

0.3556***

(12.52)

0.3534***

(12.46)

16.1860***

(12.19)

16.1921***

(12.20)

16.1091***

(12.13)

Know 0.0741***

(3.09)

0.0746***

(3.11)

0.0742***

(3.10)

2.9544***

(2.73)

2.9662***

(2.74)

2.9942***

(2.76)

Concern 0.2677***

(13.68)

0.2668***

(13.61)

0.2671***

(13.64)

12.4323***

(13.38)

12.3640***

(13.29)

12.4164***

(13.34)

Health_if 0.0280

(0.37)

0.0267

(0.35)

0.0230

(0.30)

1.9494

(0.55)

1.8601

(0.53)

1.6920

(0.48)

Hpop −0.0302*

(−1.77)

−0.0298*

(−1.75)

−0.0295*

(−1.73)

−2.2022***

(−2.71)

−2.1902***

(−2.70)

−2.2005***

(−2.70)

Old 0.1908**

(2.05)

0.1937**

(2.09)

0.1888**

(2.03)

6.2539

(1.47)

6.4206

(1.51)

6.2377

(1.46)

Pincome 0.1162***

(5.22)

0.1161***

(5.22)

0.1157***

(5.22)

4.4236***

(4.42)

4.4240***

(4.42)

4.4115***

(4.42)

Nasset 0.3332***

(15.61)

0.3351***

(15.66)

0.3318***

(15.52)

14.7091***

(14.66)

14.7800***

(14.70)

14.6598***

(14.58)

House_if −0.6339***

(−6.71)

−0.6389***

(−6.75)

−0.6275***

(−6.75)

−29.2243***

(−6.49)

−29.3619***

(−6.51)

−28.9518***

(−6.43)

Social_exp 0.0037

(0.19)

0.0042

(0.22)

0.0024

(0.13)

0.2652

(0.30)

0.2939

(0.33)

0.2352

(0.26)

Trust −0.0075

(−0.30)

−0.0066

(−0.26)

−0.0088

(−0.35)

−0.6911

(−0.59)

−0.6620

(−0.57)

−0.7344

(−0.63)

Pgdp 0.0387***

(3.80)

0.0391***

(3.84)

0.0382***

(3.75)

1.5715***

(3.35)

1.5848***

(3.38)

1.5484***

(3.30)

N 11,863 11,863 11,863 11,863 11,863 11,863

Pseudo R2 0.3597 0.3600 0.3600 0.1488 0.1489 0.1487

***, **, and *, respectively, indicate significance at the 1, 5, and 10% level. The z-statistic value is in parentheses of the Probit model and the t-statistic value is in parentheses of the Tobit

model.

(35). Besides, the regression coefficients of marriage (Married),
education (Edu), risk preference (Attitude), knowledge (Know),
and financial attention (Concern) are all significantly positive.
The wealth of married households is generally higher than
that of unmarried households, so married households are more
likely to participate in the stock market and hold a higher
proportion of financial asset in stock market. The risk-preferred
household is more adventurous and invests more assets in the
stock market. Higher education level and financial attention
enable people to obtain timely financial market information,
which results in higher possibility of household participation
in the stock market and larger proportion of equity asset. In
addition, financial knowledge or literacy can reduce information
search and adjustment costs on a complex asset such as

stocks, which leads to a better household financial investment
decision (36).

Furthermore, households with more members usually
have heavier economic burden, which is not conducive to
their participation in stock market. Therefore, the regression
coefficient of the total population (Hpop) is significantly negative.
In addition, the regression coefficients of household income
per capita (Pincome) and wealth (Wealth) are significantly
positive, indicating that richer households are more likely to
participate in the stock market and increase their financial
investment proportion because of lower per unit costs of
stock market participation and adjustment (37). Finally, the
regression coefficient of the GDP per capita of province
(Pgdp) is significantly positive. It suggests that the level of
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regional economic development is an important factor affecting
household stock market participation. Namely, the higher the
level of economic development, the larger the possibility of
household participation in the stock market, and proportion of
equity asset.

Endogenous Treatment
We use PSM to deal with the endogeneity in model estimation.
The first step is to calculate the propensity score value and build a
regression model with a binary dummy variable as the dependent
variable. In the binary dummy variable, 1 represents the
treatment group (households participating in medical insurance)
and 0 represents the control group (households without medical
insurance). Independent variables are the control variables of this
paper. The formula for calculating the propensity score is: P =

Pr{DZi =1} = φ{Xi}, where Xi represents the control variables.
The second step is to use an appropriate matching method to
select the samples that are closest to the propensity score of
treatment group samples as the final control group. In this paper,
we use three matching methods: 1:1 nearest neighbor matching,
kernel matching and radius matching. The estimation results
of above methods are shown in Table 5, where ATT stands for
average treatment effect on the treated. The results of ATT show
that the net treatment effects are all significantly positive, further
verifying the previous benchmark regression results.

Robustness Test
We have pursued a variety of robustness checks using the
following methods. The OLS estimation results of regressions (9)
and (10) in Table 6 show that participating in medical insurance
can significantly increase the probability of participation in the
stockmarket and the proportion of equity asset.When we replace
the measure of explained variable with whether household holds
risky financial assets (Risk_if ), the proportion of risky financial
assets (Risk_rate), and the types of risky financial assets
(Risk_number)7. The results in regressions (11–13) show that
participating in medical insurance can significantly increase the
investment probability of risky financial assets, the proportion

7Since the types of risky financial assets held is a discrete choice in order, we choose

the ordered Probit model (Oprobit) to estimate the relationship between medical

insurance and the types of risky assets.

of risky financial assets, and the types of risky financial assets.
Besides, considering that the samples of households with
householders engaging in the financial industry may bias the
estimation results of total samples, we make a re-estimation
after removing these samples. The results in regressions (14) and
(15) show that the coefficients of whether to participate
in medical insurance (Medical_if ) are still significantly
positive. The tests of the above three methods prove that
the previous benchmark regression results have a certain degree
of robustness.

Analysis of Heterogeneity
From the regression results of the control variables in the
previous benchmark regression, household income per capita can
significantly promote household stock market participation. To
further examine the heterogeneous impact of different income,
we generate a dummy variable High, which is assigned as 1 if
the household income per capita is higher than the median, and
0 if not. The reference group is the sample of the household
income per capita lower than the median. Then, the interaction
term between medical insurance and High (Medical_if∗High) is
added to the model for estimation. As shown in the regressions
(16) and (17) in Table 7, the coefficients of the interaction
term (Medical_if∗High) are significantly positive, implying that
medical insurance has a more significant positive effect on the
stock market participation probability and the proportion of
equity asset in households with higher income per capita.

We also generate a dummy variable City to study the
different impact of urban and rural household medical insurance
participation on stock market participation. The City is assigned
as 1 if households locate in cities and towns, and 0 if not. Then,
we put the interaction term between medical insurance and
city (Medical_if∗City) to the model for estimation. The results
in regressions (18) and (19) show that the coefficients of the
interaction term (Medical_if∗City) are significantly positive. It
means that medical insurance has a more significant positive
impact on the possibility of household participation in the stock
market and the proportion of equity asset in urban households.

To explore the different impact of household medical
insurance participation on household stock market participation
in regions, we add the interaction term between medical

TABLE 5 | Endogenous test results.

Matching method (7) Stock_if (8) Stock_rate

Treatment group Control group ATT Treatment group Control group ATT

Before 0.0942 0.0666 0.0276**

(2.46)

3.0676 1.7828 1.2848***

(2.79)

1:1 nearest neighbor 0.0942 0.0684 0.0145*

(1.78)

3.0673 1.6021 1.4652***

(2.92)

Kernel 0.0942 0.0698 0.0244**

(2.33)

3.0673 1.9004 1.1669***

(3.21)

Radius 0.0942 0.0712 0.0230**

(2.06)

3.0673 1.9147 1.1526***

(2.98)

***, **, and *, respectively, indicate significance at the 1, 5, and 10% level. The t-statistic value is in parentheses.
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TABLE 6 | Robustness test results.

Variables (9) (10) (11) (12) (13) (14) (15)

Stock_if

(OLS)

Stock_rate

(OLS)

Risk_if

(Probit)

Risk_rate

(Tobit)

Risk_number

(Oprobit)

Stock_if

(Probit)

Stock_rate

(Tobit)

Medical_if 0.0206**

(2.32)

1.0091***

(3.07)

0.2350***

(3.21)

0.1218***

(3.46)

0.2366***

(3.56)

0.3437**

(2.05)

18.2562***

(2.65)

Control Yes Yes Yes Yes Yes Yes Yes

N 11,863 11,863 11,863 11,863 11,863 3,733 3,733

Pseudo R2 0.2574 0.1449 0.3426 0.3321 0.2838 0.3345 0.1312

*** and ** indicate significance at the 1 and 5% level respectively. The z-statistic value is in parentheses of the Probit model and the Oprobit model, and the t-statistic value is in

parentheses of the OLS model and the Tobit model. The control variables here are the same as the previous benchmark regressions. Due to space limitations, the results of the control

variables are not listed.

TABLE 7 | Results of heterogeneity analysis.

Variables (16) (17) (18) (19) (20) (21)

Stock_if

(Probit)

Stock_rate

(Tobit)

Stock_if

(Probit)

Stock_rate

(Tobit)

Stock_if

(Probit)

Stock_rate

(Tobit)

Medical_if 0.0287

(0.27)

2.3521

(0.48)

−0.5140***

(−3.58)

−23.3172***

(−3.48)

0.0484

(0.49)

5.0145

(1.09)

Medical_if×High 0.1937***

(2.89)

10.4607***

(3.29)

– – – –

Medical_if×City – – 0.7366***

(6.48)

35.7457***

(6.64)

– –

Medical_if×East – – – – 0.1887***

(3.04)

7.4961***

(2.62)

Control Yes Yes Yes Yes Yes Yes

N 11,863 11,863 11,863 11,863 11,863 11,863

Pseudo R2 0.3608 0.1495 0.3681 0.1529 0.3609 0.1492

***indicates significance at the 1% level. The z-statistic value is in parentheses of the Probit model and the t-statistic value is in parentheses of the Tobit model. The control variables

here are the same as the previous benchmark regressions. Due to space limitations, the results of the control variables are not listed.

TABLE 8 | Test of influence mechanism.

Variables (22) (23) (24) (25) (26) (27)

Stock_if

(Probit)

Presave

(Tobit)

Stock_if

(Probit)

Stock_rate

(Tobit)

Presave

(Tobit)

Stock_rate

(Tobit)

Medical_if 0.1673*

(1.79)

−0.0476***

(−4.00)

0.0280

(0.27)

9.8663**

(2.28)

−0.0476***

(−4.00)

2.6660

(0.67)

Presave – – −1.7673***

(−31.79)

– – −76.4638***

(−28.45)

Control Yes Yes Yes Yes Yes Yes

N 11,863 11,863 11,863 11,863 11,863 11,863

Pseudo R2 0.3597 0.2796 0.4732 0.1488 0.2796 0.2061

***, **, and *, respectively, indicate significance at the 1, 5, and 10% level. The z-statistic value is in parentheses of the Probit model and the t-statistic value is in parentheses of the Tobit

model. The control variables here are the same as the previous benchmark regressions. Due to space limitations, the results of the control variables are not listed.

insurance and east (Medical_if∗East) to the model for estimation
(where East is a dummy variable set to one if household is in the
eastern region). The results in regressions (20) and (21) suggest
that compared with the central and western regions, medical
insurance in the eastern region has a more obvious positive role
in promoting household stock market participation.

Above all, medical insurance plays a more significant
role in promoting the possibility of household participation
in the stock market and the proportion of equity asset
among households with high income level, urban and eastern
households. Because these households have a strong ability
to resist higher risks and less cost of participating in the
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stock market. Thus, the hypothesis 3 of this paper has
been verified.

Test of Impact Mechanism
We use the mediating effect test method to estimate the
preventive savings effect of medical insurance. A mediating
variable Presave, which is measured by the proportion of
the sum of household cash and current deposits in financial
assets, is introduced in estimation models. The results are
shown in Table 8. Regressions (22–24) test the mediating
effect in the relationship between medical insurance and the
possibility of household participation in the stock market. The
regression (22) shows that medical insurance (Medical_if ) has
a significant positive impact on the possibility of household
participation in the stock market. And medical insurance
(Medical_if ) has a significant negative impact on precautionary
savings in regression (23). When we put medical insurance
and precautionary savings into the models, the results in
regression (24) show that the coefficient of precautionary savings
(Presave) is significantly negative, while that of medical insurance
(Medical_if ) is not significantly positive. It can be concluded
that precautionary savings has a completely mediating effect.
Similarly, the results in regressions (25–27) also indicate that
precautionary savings have a completely mediating effect in the
relationship between medical insurance and the proportion of
equity asset. It can be inferred that medical insurance helps
households reduce medical costs and precautionary savings, thus
increasing the probability of stock market participation and the
proportion of equity asset. Therefore, the hypothesis 2 of this
paper has been verified.

CONCLUSIONS AND POLICY
RECOMMENDATIONS

This paper uses the data from CHFS in 2015 to study
the relationship between household participation in medical
insurance and the possibility of household participation in stock
market and the proportion of equity asset. The results show
that household participation in medical insurance significantly
promotes the possibility of household participation in the
stock market and the proportion of equity asset, and mainly
through the preventive savings effect. Besides, the regions,
urban–rural areas, and income level are also important influence
factors. The medical insurance plays a more significant role in
promoting participation in the stock market in households from
eastern region, urban and households with higher income level.
Furthermore, there is a significant life cycle effect in household

stock market participation, and education, risk preference,
financial knowledge, financial attention, household income, and
wealth also have a significant effect on household participation in
the stock market.

The following policy recommendations can be drawn from the
empirical results. First of all, while improving Chinese medical
insurance system, we should appropriately improve the level of
medical security, so as to effectively reduce the risk of huge
medical expenses for households. Besides, the design of medical
insurance system should take into account the fact of unbalanced
economic development among regions and urban–rural areas
in China. And the preferred policy should be appropriately
inclined to backward areas and rural areas to improve their
medical security level. Simultaneously, it is necessary to increase
rural financial support and accelerate the pace of inclusive
finance development. Furthermore, related financial institutions
or governments need to appropriately provide more financial
training to improve financial attention of residents and capacity
of participating in the financial market. Finally, government
should further improve the social security system, such as
pension, employment, education, etc., to a greater extent to
reduce the precautionary savings and optimize the allocation of
household financial assets.

In the future, we can explore international research on
medical insurance policies and their impact on stock market
participation. We can also conduct a detailed classification
and discussion on the impact of a certain type of medical
insurance reform on stock market participation or financial
market participation.
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The coronavirus disease 2019 (COVID-19) caused by a novel coronavirus, severe acute

respiratory syndrome coronavirus 2, has caused a large death, a range of serious health

problems, and significant economic costs in many countries around the world. This

study analyzes statistical characteristics of pandemic disasters using historical records

since the Middle Ages. Compared to literature which studies the effect of the COVID- 19

pandemic on the financial market, this paper attempts to find two financial instruments

in the financial market to hedge pandemic risks. Two instruments could be useful for

public health care schemes to increase their assets or decrease their liabilities during the

pandemic period, namely, assets in the form of a biotechnology investment portfolio and

liabilities in the form of pandemic bonds. Empirical results show the feasibility of such

instruments and the informational efficiency of the U.S. stock market.

Keywords: pandemic risk management, COVID-19, pandemic probability model, public health care scheme,

pandemic hedging

INTRODUCTION

Epidemics and pandemics have afflicted humanity throughout recorded history, as shown in
Table 1. An epidemic is defined as the rapid spread of disease in a large group of individuals
beyond the normal level of infection that would be expected in a given population and region over
a short period of time. A pandemic refers to an epidemic that has spread over several countries
or continents. Compared with sudden catastrophic events (earthquakes, floods, hurricanes, and
volcanic eruptions), epidemics and pandemics occur over a relatively long period, as there can
be many months or even years between the beginning and the end of these health disasters. For
example, to date, the current coronavirus disease 2019 (COVID-19) outbreak has lasted over
a year. Therefore, there would be enough time to make use of financial instruments to hedge
pandemic risk.

The effects of historical epidemics and pandemics on the financial market vary depending on
location and era. Figure 1 presents the slip chart of the Dow Jones Industrial Average (DJIA) index
and the historical pandemic records. Not all pandemics make the stock market go down a lot. The
epidemics in the eighteenth and nineteenth centuries had limited financial effects because most
epidemics were local ones that lasted a few months but not pandemics that affected the global
world. In addition, different cities had their own stock exchanges, cross-market arbitrages stoped
stock crashes in the infected cities. However, as human activities tend to globalization, worldwide
pandemics show a different reality and then cause investor panic. Compared to the COVID-19
effects on the market with the Spanish Flu in 1918, the DJIA index stayed relatively stable, not
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dropping more than 5% during the period from 1918 to 1920.
After it was over, the U.S. economy grew by 42% between 1921
and the stock market crash in 1929. The flu killed about 40
million people or 2% of the global population. About 550,000
Americans died of the flu, half a percent of the U.S. population.
European and US stock markets reacted significantly, and
negatively, to the surging death rates during the Spanish Flu (1).
Since World War I was over at the end of 1918, so the overlap
period makes it difficult to discriminate between the economic
and financial effects of the war and those of pandemic. However,
COVID-19 had a different effect on the U.S. stock market. The
DJIA index was down 37% (on March 13) from an all-time high
in February. At a similar time period, the S&P 500 and the tech-
heavy Nasdaq dropped over 31 and 40%, respectively. The U.S.
economy recovers gradually as job positions increasing and the
service sectors reopening. Compared to literature focusing on the
effect of the COVID-19 pandemic on the financial market (1–
4), this paper attempts to find financial instruments in financial
market for the public health care schemes (PHCS) to hedge
pandemic risks.

There exist some catastrophe derivatives traded in financial
market for hedging natural disasters such as catastrophe
loss indexes, catastrophe bonds, and catastrophe equity puts
or contingent surplus notes. A lot of literature study the
effectiveness and efficience of catastrophe risk management via
these derivative (5–7). Few financial derivatives are based on
pandemics or epidemics. Less literature focus on how to employ

TABLE 1 | Pandemics since the middle ages.

Years Diseases Reported region Deaths

1347–1351 Bubonic Plague Europe Over 50 million

1489 Typhus Europe 17,000

1500s Smallpox Europe, Americas 12–25 million in Mexico

1510 Influenza Global Unknown

1557–1558 Influenza Europe Unknown, 8,000 in London

1580 Influenza Asia, Africa, Europe, America Unknown, 8,000 deaths in Rome

1635, 1656 Measles Britain, Europe Unknown

1700s Yellow Fever Americas, Europe, Africa 10,000 deaths in Philadelphia

1729–1730, 1732–1733, Influenza Global 0.5 million

1761–1762 Influenza Americas, Europe Unknown

1780–1782 Influenza China, India, Europe, America Unknown

1788–1790 Influenza Europe, North America 0.8 million

1800s Cholera Europe, Americas, Asia 50–100 million

1830–1831, 1832–1833 Influenza China, Russia, Europe 0.9 million

1889–1893 Influenza/Russian Flu Global 1 million

1918–1919 Influenza/Spanish Flu Global 40–50 million

1957–1958 Influenza/Asian Flu Global 1–1.5 million

1968 Influenza/Hong Kong Global 0.75–1 million

1979 HIV/AIDS Global 35 million

1977–1978 Influenza/Russian Flu Global Unknown

2009–2010 Influenza/Swine Flu Global 284,500

2003 SARS Global 774

2019 COVID-19 Global 2.9 million

financial instruments to manage pandemic risk. TheWorld Bank
issued two pandemic bonds with a total face value of US$320
million in 2017. These bonds were designed to offer funds to low-
income countries to cover costs associated with the outbreak of
any one of six diseases. Gründl and Regele (8) proposed a concept
of pandemic partnership bonds, which governments could issue
to insure themselves against future pandemic-related risks, with
private and institutional investors providing the funding. This
study shows that pandemic bonds may reduce the revenue
volatility of public health care schemes.

The demand for medical treatments and vaccinations
increases quickly as an epidemic becomes a pandemic. This
tends to support the stock prices of firms engaged in medicine
and biotechnology. If the relationship between newly diagnosed
epidemics/pandemics and biotechnology stocks is strongly
positive, insurers could build and adjust an investment portfolio
of these stocks as a pandemic spread. The profit from the
portfolio would offset some of the cost of pandemic-related
claims. This study shows that these stocks are highly correlated
to the spread of the COVID-19 pandemic.

This study makes three major contributions to the literature.
First, we survey the statistical characteristics of pandemic
historical records. The result shows that building a sound
epidemic prevention system has become more necessary
and important over time. Second, we show the feasibility
of innovative financial instruments that could be employed
effectively to cover a substantial amount of the cost of medical
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FIGURE 1 | World pandemics and the movement of the Dow Jones Industrial Average (DJIA).

treatments borne by public health care schemes. Third, our
empirical results show that the stock market is informationally
efficient about the COVID-19 pandemic.

The remainder of this study is organized as follows. Section
Analysis of Historical Pandemic Records analyzes the statistical
characteristics of the pandemic historical records. Section A
Hedge for Public Health Care Schemes develops the hedge
instruments for public health care schemes. Section Empirical
Results shows the empirical results, and the final section
offers conclusions.

ANALYSIS OF HISTORICAL PANDEMIC

RECORDS

As shown in Table 2, the recorded frequency of pandemics
ranges from one to five per 100 years, with an average of
three. The number of deaths per pandemic changed substantially
over time, Regarding the pandemic frequency over the past 300
years, roughly corresponding to the post-Industrial Revolution
period, the outbreaks per 100 years increase twice as large as
the average in earlier times (from 2 to 4). In addition to the
abovementioned serious pandemics, Jones et al. (9) collected 335
emerging infectious diseases (EIDs) from 1940 to 2004 and shows
such diseases have risen significantly over time. They found
that the origins of EIDs are significantly corrected with socio-
economic, environmental, and ecological factors. Lindahl and
Grace (10) also show EIDs are increasing, causing large losses
in both human and animal lives, as well as huge costs to society
locally and globally during the last few decades. Many factors
contributing to EIDs include climate change, globalization, and
urbanization, which are to some extent caused by humans after
the post-Industrial Revolution period. Since the Wright brothers
invented and flew the first airplane in 1903, people move more
easily and quickly around the world than past due to advanced
transportation, so will the virus accompanying humans. There
were 4.2 billion air transport passengers in 2018—compared to
310 million in 1970. This mobility helped coronavirus’ transfer

TABLE 2 | Pandemics frequency and average deaths.

Period Frequency Average deaths (million)

1300–1400 1 50

1400–1500 1 0.017

1500–1600 4 18.5

1600–1700 1 Unknown

1700–1800 5 0.65

1800–1900 3 25.63

1900–2000 5 20.53

2000–2021 3 1.06

from China in 2020 to more than 60 countries in 2 months. The
chance of epidemic becoming pandemic becomes large. It means
the pandemic can cause a lot of infected individuals and deaths
across several geographic areas in a short term.

The average recorded deaths per pandemic were more than
20 million from 1800 to 2000 (largely due to the 1918 pandemic
that killed at least 50 million people). While the number of
pandemic-related deaths may seem to be increasing, a pioneer
in infectious disease research, Robert Koch, who employed an
optical microscope to observe the infectious pathogen Bacillus
anthracis in 1875 that allowed scientists to learn more about the
virus than ever before, proposed “Koch’s Law” as a guideline to
describe the pathogenesis of infectious diseases. The Law guides
scientist on how to isolate the microorganisms from diseased
individuals and grown in the experimental host to find the
cure method.

The average number of recorded deaths for the most recent
three pandemics are less obvious than those that occurred before
2000, as innovations in medical technology allow us to quickly
find effective treatments and vaccines for new diseases. The
establishment of modern public health care systems also offers
more medical treatment for citizens than in the past. As a result,
the number of pandemic-related deaths are lower now than in the
past, although their frequency is increasing.
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FIGURE 2 | The trendlines of ADCQC, NBI, BTK, DJUSHC, and IYH.

As a result of the industrial and agricultural revolutions, the
standard of living in most countries has generally improved.
At the same time, the world’s population has increased, and
the number of infected individuals naturally increases as the
population grows. The United Nations estimated there were 7.9
billion people in the world at the end of 2020, and the number
of confirmed cases of COVID-19 exceeded 138 million as of
March 31, 2021. Although medical science has improved our
ability to find treatments for pandemic diseases, the enormous
cost of doing so creates another problem for the public health
care system. A potential solution may be to employ new financial
instruments to encourage private capital to help cover the large
expenses caused by pandemics.

A HEDGE FOR PUBLIC HEALTH CARE

SCHEMES

We define the gross inward premium P required to cover
expected medical expenses L, and additional expenses s, as shown

in Equation (1)

P = E[L]+ s (1)

Net revenue X is simplified as premium income minus the total
payoff for a claim L, expressed as

X = P − L (2)

The volatility of profits σX is equal to the volatility of losses σL.

A Pandemic Bond as a Liability Hedge
A public health scheme could issue u units of pandemic
bonds to share the liability of pandemic-related medical
expenses. Such bonds are similar to catastrophe bonds but
are linked to pandemic-induced disasters. A pandemic bond is
designed to have a principal (face value) M and an indemnity
trigger point K, offering the contingent payment H= {L −
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TABLE 3 | Descriptive statistics.

Statistic ADCQC NBI BTK DJUSHC IYH

Mean 65118.52 4278.053 5444.884 1152.883 225.613

Maximum 299562 5427.13 6319.77 1322.44 258.36

Minimum 0 2961.94 3855.67 809.48 158.63

Std.Dev. 64488.41 513.989 469.677 98.753 19.232

Skewness 1.314 −0.025 −0.956 −0.62 −0.632

Kurtosis 3.880 2.803 4.303 3.603 3.616

Q (1%) 0 3062.5 3952.22 871.05 170.67

Q (10%) 2.5 3634.455 4889.415 1047.225 205.32

Q (25%) 23139 3986.13 5253.5 1098.61 214.98

Q (50%) 43834.5 4258.785 5497.02 1159.42 227.17

Q (75%) 80384 4579.42 5745.29 1230.72 240.71

Q (90%) 178143.5 4996 6000.24 1283.835 250.92

Q (99%) 248089 5361.57 6287.3 1319.53 257.96

Jarque-Bera 92.81 0.498 64.73 22.99 23.89

Probability 0.000 0.780 0.000 0.000 0.000

Observations 290

ADCQC, The daily confirmed numbers of quarantined cases of the USA; NBI, NASDAQ

Biotechnology Index; BTK, NYSE Arca Biotechnology Index; DJUSHC, Dow Jones U.S.

Health Care Index; IYH, iShares U.S. Healthcare ETF.

TABLE 4 | Correlation matrix (The USA).

ADCQC NBI BTK DJUSHC IYH

ADCQC 1.0000

NBI 0.6873 1.0000

BTK 0.5378 0.9054 1.0000

DJUSHC 0.6832 0.9423 0.8446 1.0000

IYH 0.6797 0.9418 0.8454 0.9998 1.0000

TABLE 5 | Unit root test results.

Level First differences

ADF PP KPSS ADF PP KPSS

ADCQC −1.903 −1.750 1.53*** −17.891*** −25.063*** 0.142

NBI −0.997 −1.141 2.02*** −11.670*** −20.542*** 0.0503

BTK −1.600 −1.871 1.2*** −11.304*** −20.132*** 0.0602

DJUSHC −0.942 −1.220 1.98*** −11.162*** −21.560*** 0.0907

IYH −0.947 −1.227 1.97*** −11.093*** −21.353*** 0.0897

***, **, and *indicate significance at the 1, 5, and 10% levels, separately.

K
∣

∣(M + K) ≥ L ≥ K }, and charging a premium pH . The scheme
would then obtain the contingent compensation:

LH = uH (3)

The payment pH made to bondholders would include the
expected payoff E[H] plus a risk premium CH :

PH = E[H]+ CH (4)

Net revenue with the hedge is expressed as follows:

XH = X − uPH + uH (5)

The volatility of revenues will decrease because the pandemic
bond covers some or all the medical expenses that exceed the
thresholdK, and the payments made to bondholders decrease the
scheme’s revenue if medical expenses are below K.

The volatility of revenues σXH for issuers of pandemic bonds
is a function of u:

σXH (u) =

√

σ 2
L + u2σ 2

H − 2uρHσLσH (6)

where ρH denotes the correlation coefficient between L and H.

The Biotechnology Index for Asset Hedge
A health care scheme may purchase u units of a biotechnology
index (or individual biotech stocks) I, with the goal of realizing
capital gains from that position when a pandemic occurs. The
initial value is denoted as uI0. The value after the pandemic
outbreak is uI.

The net revenue generated by the biotechnology index is
as follows:

XI = X − uI0 + uI (7)

The volatility σXI of the position is a function of u:

σXI (u) =

√

σ 2
L + u2σ 2

I − 2uρIσLσI (8)

where ρI denotes the correlation coefficient between L and I.
Suppose that the risk management objective is to reduce the

profit volatility to achieve the variance ratio
σXI
σX

(denoted by d),
where 0 < d < 1. That is to say,

σXI (u)− (1− d)σ 2
L ≤ 0 (9)

In this case, the risk management objective above can be
rewritten as

u2 − 2
σL

σXI

ρu− (d2 − 2d)

(

σL

σXI

)2

≤ 0 (10)

This quadratic inequality holds if and only if it has real
solutions, where

u1 =
σL

σXI

(

ρ −
√

ρ2 − 2d + d2
)

and

u2 =
σL

σXH

(

ρ +
√

ρ2 − 2d + d2
)

(11)

In this case, the following inequalities must hold to ensure the
existence of real roots

ρ >
√

2d − d2 or ρ < −
√

2d − d2 (12)

Note that the absolute value of the correlation coefficient must
exceed the threshold value of

√
2d − d2 to achieve the risk
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TABLE 6 | Engle-Granger cointegration tests results.

NBI BTK DJUSHC IYH

ADCQC −3.273* −2.977 −3.486** −3.464**

Observations (1st step) 290 290 290 290

Observations (test) 289 289 289 289

***, **, and * indicate significance at the 1, 5, and 10 % levels, separately.

TABLE 7 | OLS regression analysis results.

(1) (2) (3)

NBI DJUSHC IYH

Intercept 3921.349***

(31.23898)

1084.757***

(6.033766)

212.4136***

(1.18033)

ADCQC 0.0054778***

(0.0003412)

0.0010462***

(0.0000659)

0.0002027***

(0.0000129)

Observations 290 290 290

R-squared 0.4723 0.4667 0.4620

Adj R-squared 0.4705 0.4649 0.4601

***, **, and *indicate significance at the 1, 5, and 10 % levels, separately. ADCQC is the

independent variable. The dependent variables include NBI, DJUSHC, and IYH.

management objective. This threshold increases with the ratio
d, which means that a high correlation will reduce revenue
volatility. If the correlation coefficient is positive, the scheme
creates a long position of u1 units, because u1 < u2 lowers
hedging costs. Conversely, if the correlation coefficient is
negative, the scheme creates a short position of–u2 units given
that–u2 <–u1.

EMPIRICAL RESULTS

This section illustrates the relationship between the spread of
COVID-19 and stocks related to medicine and biotechnology. As
the pandemic’s severity increased, the daily number of confirmed
cases in the U.S. (denoted by ADCQC) increased. The stocks
associated with epidemic prevention include medical treatments
and vaccine development. For this study, we chose the following
four indices, some represented by index-tracking ETFs that trade
on U.S. stock exchanges, to characterize these types of assets:
the NASDAQ Biotechnology Index (denoted by NBI), the NYSE
Arca Biotechnology Index (denoted by BTK), the Dow Jones U.S.
Health Care Index (denoted by DJUSHC), and the iShares U.S.
Healthcare ETF (denoted by IYH). The data were obtained from
January 2, 2020 to March 31, 2021, a total of 290 observations per
item, from the Wind database in China.

Figure 2 shows that the levels of the four indices trended in the
same direction as the ADCQC, indicating that the biotechnology
and healthcare indices reflected the severity of the COVID-19
pandemic. Based on this, we continued with the analysis. Table 3
shows that changes in the NBI are approximately normally
distributed, as its skewness and kurtosis are close to 0 and
3, respectively, and the Jarque–Bera test does not reject the

TABLE 8 | OLS regression analysis results.

(1) (2) (3)

NBI DJUSHC IYH

Intercept −303778.5***

(23139.43)

−449227.3***

(32513.75)

−449067.3***

(32817.34)

ADCQC 86.23012***

(5.37038)

446.1388***

(28.09958)

2279.064***

(144.9349)

Observations 290 290 290

R-squared 0.4723 0.4667 0.4620

Adj R-squared 0.4705 0.4649 0.4601

***, **, and * indicate significance at the 1, 5, and 10 % levels, separately. The independent

variables are NBI, DJUSHC, and IYH. ADCQC is a dependent variable.

null hypothesis. BTK, DJUSHC, and IYH are clearly negatively
skewed and are leptokurtic, and their Jarque–Bera tests reject the
hypothesis of a normal distribution. The correlation coefficients
between ADCQC and the indices are >0.6, except for BTK
(as shown in Table 4). Therefore, according to Equation (12),
derivatives based on these underlying indices or ETFs could be
used to hedge pandemic expenses.

The results of augmented Dickey–Fuller, Phillips–Perron, and
Kwiatkowski–Phillips–Schmidt–ShinK tests shown in Table 5

show that their first differences reject the presence of a unit root.
Furthermore, results of the Engle–Granger test shown in Table 6

indicate the existence of cointegration between ADCQC, NBI,
DJUSHC, and IYH, but not BTK. Therefore, in our regressions,
we assume that X = ADCQC and Y = (NBI, DJUSHC, IYH).
First, we regress Y on X as follows:

Y = b+ X, (13)

where b is an intercept term. The empirical results in Table 7

show that the coefficients of ADCQC are significantly positive,
indicating that ADCQC leads to changes in NBI, DJUSHC,
and IYH.

Second, we regress X on Y to determine whether NBI,
DJUSHC, and IYH can reflect the pandemic severity in advance.

X = c+ Y , (14)

where c is an intercept term. The results provided in Table 8

show that the coefficients for NBI, DJUSHC, and IVH are
significantly positive, indicating that the U.S. stock market
exhibits informational efficiency about the COVID-19 pandemic.

CONCLUSIONS

Trends from globalization, urbanization, and climate change
are fueling the increased incidence of pandemic outbreaks (9,
10). The pandemics causing large losses in both human and
animal lives have challenged public health care schemes in
many countries. This study analyzes statistical characteristics of
pandemics using historical records since the Middle Ages (11)
and found that over the past 300 years, roughly corresponding to
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the post-Industrial Revolution period, the pandemic outbreaks
per one 100 years increase twice as large as the average in earlier
times (from 2 to 4). The average number of recorded deaths per
pandemic was more than 20 million from 1800 to 2000. The
average recorded deaths in the recent three pandemics are less
obvious than those since 2000. So, the pandemic deaths are not
greater than those in previous periods, although the frequency
has increased. The contributions come from both innovations
in medical technology and the establishment of a modern public
health care system.

Compared to literature focusing on the effect of the COVID-
19 pandemic on the financial market (1–4), this paper aims to
find financial instruments for the public health care schemes
(PHCS) to hedge pandemic risks. During the pandemic period,
the PHCS bear a large number of medical expenses. A
biotechnology investment portfolio assets can help the PHCS
to increase their assets. Pandemic bonds can contribute to
reducing liabilities. Empirical results indicate that such financial
instruments may be practical, as the NASDAQ Biotechnology

Index, Dow Jones U.S. Health Care Index, and iShares U.S.
Healthcare ETF have positively correlated with the daily numbers
of COVID-19 confirmed cases in the U.S. In addition, we found
that the U.S. stock market shows informational efficiency with
respect to the COVID-19 pandemic.
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The Bitcoin market has become a research hotspot after the outbreak of Covid-19. In this

paper, we focus on the relationships between the Bitcoin spot and futures. Specifically,

we adopt the vector autoregression-dynamic correlation coefficient-generalized

autoregressive conditional heteroskedasticity (VAR-DCC-GARCH) model and vector

autoregression-Baba, Engle, Kraft, and Kroner-generalized autoregressive conditional

heteroskedasticity (VAR-BEKK-GARCH) models and calculate the hedging effectiveness

(HE) value to investigate the dynamic correlation and volatility spillover and assess the risk

reduction of the Bitcoin futures to spot. The empirical results show that the Bitcoin spot

and futures markets are highly connected; second, there exists a bi-directional volatility

spillover between the spot and futures market; third, the HE value is equal to 0.6446,

which indicates that Bitcoin futures can indeed hedge the risks in the Bitcoin spot market.

Furthermore, we update the data to the post-Covid-19 period to do the robustness

checks. The results do not change our conclusion that Bitcoin futures can hedge the

risks in the Bitcoin spot market, and besides, the post-Covid-19 results indicate that the

hedging ability of Bitcoin futures increased. Finally, we test whether the gold futures can

be used as a Bitcoin spot market hedge, and we further control other cryptocurrencies to

illustrate the hedging ability of the Bitcoin futures to the Bitcoin spot. Overall, the empirical

results in this paper will surely benefit the related investors in the Bitcoin market.

Keywords: COVID-19, bitcoin, dynamic correlation, volatility spillover, hedging effectiveness

INTRODUCTION

The global outbreak of Covid-19 has led to over 87.6 million cumulative confirmed cases, with
over 1.9 million deaths as of January 2021, according to the official dataset by the World Health
Organization (WHO). The disease is highly contagious, and, consequently, the global healthcare
systems, the real economy, and the financial sphere are severely affected (1, 2). What is worse,
according to Hanif et al. (3), the economic and financial consequences of the Covid-19 pandemic
exceed those of the 2008 global financial crisis (GFC). The Covid-19 pandemic outbreak has
paralyzed both the domestic and international economic activity and financial markets in countries.
Thus, major countries have implemented the expansionary monetary policy to help the economy to
survive from the Covid-19. Despite the intention is to help the economy recover, monetary policies
have inevitably pushed up asset prices. Among all the assets that are rising in price, Bitcoin, one
of the most commonly known cryptocurrencies, is of particular interest, as the price increases are
very substantial.
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Bitcoin, as a type of digital cryptocurrency, raises great
concerns with the help of promotion in technology in recent
years (4). Bitcoin’s unprecedented performance and volatility
since its inception have sparked a great deal of concern from
practitioners, regulators, and scholars since 2008. However,
reviewing the development history of Bitcoin, it should be noted
that the spot of Bitcoin was traded at a low price and trading
volume before the end of 2017 when the Chicago Board Options
Exchanges (CBOE) began to trade the Bitcoin futures. In 2018,
the price of Bitcoin spot decreased rapidly before raising slightly
in 2019. Then, in the first half of 2020, after the outbreak of
Covid-19 and the consequent quantitative easing globally, the
global financial markets witnessed the price of Bitcoin spot rise
quickly to more than 40,000 dollars (See Figure 1). The drastic
changes in Bitcoin price illustrate an interesting phenomenon
that there is no difference between the general financial markets
and the Bitcoin market.

With the rapid increase in Bitcoin spot price, there is no
doubt that Bitcoin spot price poses significant risks for the
investors in the Bitcoin market, which makes it an urgent
issue for investors to seek a feasible way to reduce risks. A
natural suggestion in the financial area is to consider the futures,
namely, the Bitcoin futures, to reduce the risks brought by
the sustained rise in the spot market. As a classic financial
issue, using futures to hedge risks from the spot market has
reached numerous achievements. For example, Chen et al. (5)
investigated the effectiveness of carbon futures in hedging the
risks in the carbon spot market; Zhao et al. (6) focused on the
hedge strategies between crude oil spot and futures; Chan and
Young (7) researched the copper futures and spot; Park and
Switzer (8) estimated the optimal hedge ratio for stock and index
futures. Benet (9) assessed the hedging effectiveness in the FX
market and the like. These investigations all demonstrate an
important reality in the financial area that the futures market
is a perfect tool to hedge the risks from the corresponding spot
market. The list is far from exhaustive and exemplifies how active
the field remains. However, as an asset of the world’s attention,
it is worth noting that current investigations are not involved in
Bitcoin hedging, and it is of great interest to us to explore whether
the above suggestion is feasible.

In this paper, we focus our concerns on the hedging
effectiveness between Bitcoin spot and futures. Considering the
market correlation, volatility spillover exhibits a crucial role
in the understanding of hedging effectiveness and portfolio
management. Thus, in this paper, all the three aspects, i.e.,
correlation, volatility spillover, and hedging effectiveness between
Bitcoin spot and futures are highlighted. And to the best of
our knowledge, this paper makes the following contributions
to the literature. First, it is the first attempt to investigate
the dynamic correlation between Bitcoin spot and futures.
Specifically, the VAR-DCC-GARCH model is adopted. The
empirical results show that Bitcoin spot and futures markets have
no difference compared with other spot and futures markets.
The two markets are highly and positively correlated during
our sample period. The results shed light on avoiding risk
for investors. Second, it is the first time to investigate the
volatility spillovers between Bitcoin spot and futures markets.

In this paper, the VAR-BEKK-GARCH model is selected. The
empirical results show that ARCH and GARCH effects do exist
between Bitcoin spot and futures markets. In other words, there
exists a bi-directional volatility spillover between the Bitcoin
spot and futures. The results may deepen the understanding
of information transmission between the two markets. Third,
we focus our concerns on the issue of hedging effectiveness
between Bitcoin spot and futures markets. Specifically, based on
the results from the VAR-BEKK-GARCH model, we calculate
a dynamic hedge ratio and the related hedging effectiveness.
The results show that the value of hedging effectiveness (HE)
is equal to 0.6446, which indicates that Bitcoin futures can be
used to hedge the risks from the Bitcoin spot. The results directly
benefit the investors in the Bitcoin market. Fourth, for the sake
of guaranteeing the rigor of an academic research paper, we
implement robustness checks.We especially evaluate the hedging
effectiveness of Bitcoin futures to Bitcoin spot after the outbreak
of the Covid-19 pandemic. The results of the robustness checks
show that the hedging power of the Bitcoin futures improved, as
the HE value is equal to 0.6778, which is larger than the case of the
full sample. To sum up, all the results indicate that the increasing
Bitcoin spot market risks can be hedged by the Bitcoin futures
market. Finally, we make in-depth studies. On the one hand, we
explore whether the traditional futures market can be used to
hedge the risks of the Bitcoin spot market. Specifically, we chose
the gold futures as gold is regarded as a safe haven asset.We re-do
the VAR-BEKK-GARCH estimations, and the results show that
the gold futures market can also be used to hedge the risks from
the novel Bitcoin spot market despite the HE value being much
smaller compared to the Bitcoin futures market. On the other
hand, we control other cryptocurrencies to further investigate
the hedging ability of the Bitcoin futures to the Bitcoin spot, the
results prove that the even other factors which are closely related
to the Bitcoin market, are controlled, the Bitcoin futures can still
reduce the corresponding risks in the Bitcoin spot market.

This paper is organized as follows. Section A Brief
Introduction About the Covid-19 briefly reviews the Covid-19.
Section Related Literature shows the related literature. In section
Data and Methodologies, we present the data and models used in
this paper. Section Empirical Results shows the related empirical
results. Robustness checks are shown in section Robustness
Check. Further discussion is shown in section Discussion, and
section Conclusion concludes the paper.

A BRIEF INTRODUCTION ABOUT THE

COVID-19

Coronaviruses are responsible for several illnesses in both
humans and animals. Coronaviruses cause zoonoses, such as the
common cold, or severe respiratory diseases. Some coronaviruses
are known to be circulating in different animal populations.
However, once the viruses mutate, they can infect human beings.
Covid-19 is the most recent one to make the jump to human
infection (10).

Despite the disease brought by the virus being spreading
undetected around the world, it was the Chinese government
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FIGURE 1 | Price trend of the Bitcoin market from 2020 to 2021.

that first officially reported the disease, and, subsequently, the
disease has become one of global concern. After systematic and
scientific analysis, the International Committee on Taxonomy of
Viruses officially named the coronavirus severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Though the origin of
the virus is unknown, it is widely accepted that after some
necessary mutations, the virus can transmit from human to
human with highly contagious, resulting in a deep binding
between people and viruses. It is said that the Covid-19 has
become the seventh documented pandemic after the black death,
“Spanish” flu pandemic, The HIV/AIDS pandemic, the SARS and
the “swine” flu pandemic, and the Avian flu, Ebola, and zika virus
pandemics (11, 12).

Covid-19 has had a serious impact on several areas, such
as, for example, the healthcare industry, international trade,
economic and financial areas, etc. Given globalization, the
modern economies are highly connected, which means the actual
consequences of Covid-19 could be even worse. Covid-19 results
in workers being absent from work due to illness or an increase
in the risk of infection, which disrupts the normal production
in countries. According to the International Labor Organization,
working hours have significantly decreased during the Covid-
19 pandemic. Consequently, the whole industrial chain received
an immeasurable impact. In other words, the Covid-19 results
in a global economic recession, which leads to expansionary
monetary policy by central banks. Comprehensive coverage of
the worldwide economic and financial effects of COVID-19 can
be found in Fernandes (13).

RELATED LITERATURE

After the outbreak of the Covid-19, investigations about the
impacts of the Covid-19 epidemic on the economy have
become a research focus, and many scholars have studied the
topic from diversified aspects. For example, Liu et al. (14)

argued that Covid-19 provides considerable negative shock
on the global stock market, and besides, these impacts vary
between higher-income and lower-income countries. However,
Liu et al. (15) held a different view; the authors showed that
the Covid-19 has a statistically significant positive effect on
the stock returns. Wu et al. (16), Lee et al. (17), and Hong
et al. (18) focused on the impacts of Covid-19 on tourism
and hospitality sectors as well as index returns, respectively.
Lee and Chen (19) argued a non-linear effect of confirmed
cases. Guerrieri et al. (20) had a comprehensive discussion of
the consequences of different policies implemented during the
Covid-19 pandemic. Particularly, Ozili and Arun (21) suggested
that these policies ultimately affect stock prices. Baker et al.
(22) adopted different information sources, i.e., volatility in the
stock market, newspapers, and subjective uncertainty in business
expectation surveys, to quantify the uncertainty during Covid-
19; the authors argued that uncertainties increased enormously.
Ramelli andWagner (23) pointed out that the Covid-19 amplifies
the economic and financial crisis. Zhang et al. (24) explored
the impact of the Covid-19 from the macroeconomic level. The
authors investigated the systemic risks of global financial markets
and assessed the effects of policy interventions. Akhtaruzzaman
et al. (25) focused on the linkages of the emerging Chinese
market and the G7 countries during the Covid-19 pandemic.
Specifically, the authors centered on the financial contagion and
argued that the epidemic enhances the correlations. Sharif et al.
(26) adopted several econometrics methods to analyze the Covid-
19 and stated that the risks fromCovid-19 have no difference with
the economic crisis. Ji et al. (27) focused on the safe-haven roles
during the Covid-19 pandemic and argued that gold and soybean
commodity futures are still feasible while other classical assets do
not. Salisu and Vo (28) linked the health news trend and stock
market return. The authors pointed out that health news can
significantly forecast the stockmarket during the epidemic. Based
on the spillover index of Diebold and Yilmaz (29, 30), Wang
et al. (31) pointed out that Covid-19 significantly influences
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the international financial markets. Qian et al. (32) noted that
Covid-19 and the housing price are connected. Haroon and
Rizvi (33) linked the news about Covid-19 and the volatility of
equity markets, and So et al. (34) then showed that during the
Covid-19 pandemic, the connections of the Hongkong financial
market have become tighter. Baig et al. (35) centered on the
liquidity and volatility in the equity markets in the US after the
outbreak of the Covid-19 pandemic, while Heyden and Heyden
(36) focused on the US and European stocks at an early stage of
the epidemic. As an asset of the world focus, the cryptocurrency
also became a research hotspot during the Covid-19 pandemic.
For example, Corbet et al. (37) suggested that neither gold assets
nor Bitcoin assets have been significantly connected with the
Chinese stock market during Covid-19. Mariana et al. (38) made
an attempt to explore whether the two largest cryptocurrencies,
Bitcoin and Ethereum, can be safe-havens for stocks during
Covid-19. Goodell and Goutte (39) linked the deaths caused by
Covid-19 with the daily Bitcoin prices. Huang et al. (40) argued
that Bitcoin contributes to the diversification benefits and other
similar outcomes.

This paper is also related to a vast body of literature on the
relationships between different financial markets. For example,
several studies have focused on the analysis of the linkages
between spot and futures commodity prices. Bessler and Covey
(41) showed significant links between spot and futures prices
for the US cattle markets. The findings of Silvapulle and Moosa
(42) discovered the bi-directional non-linear Granger causalities
between spot and futures prices in the WTI (West Texas
Intermediate) crude oil market. Chen et al. (5) focused on
the relationships between the carbon spot and futures. Other
studies focused on hedging between markets. Hedging is also
a focus in modern finance, attracting numerous studies. Time-
varying variance and covariance play prominent roles. Existing
studies mainly adopted the multi-variate GARCH models. For
example, through the multi-variate GARCH model, Chang
et al. (43, 44) made a deep investigation into hedging and
portfolio performance. Furthermore, Chang et al. (45) argued
that the constant correlation coefficient (CCC)-GARCH model
can outperform other multi-variate GARCH models. However,
Billio et al. (46) and Hung et al. (47) held a different, the authors
suggested that switching to the GARCH model can significantly
beat the CCC-GARCH model. Empirical evidence also shows
that complex hedging strategies do not always empirically
outperform naive hedging strategies [see, for example, Khalfaoui
et al. (48) andWang et al. (49)]. In addition, there also exists a few
papers on hedging under alternative frameworks, for example,
those by Sukcharoen and Leatham (50) and Chun et al. (51).
Recently, researchers were beginning to explore hedging in the
emerging market. For example, Jin et al. (52) explored the risk
hedging in the carbon market by other financial markets through
several multivariate GARCHmodels.

Despite the fact that the Bitcoin market is becoming an
interestingmarket to test financial characteristics, i.e., the bubbles
and market efficiency (53, 54), the connections between Bitcoin
spot and futures have not yet been studied thoroughly. Thus, in
this paper, we pay attention to the Bitcoin market, especially to
Bitcoin spot and futures markets, to fulfill the potential research

TABLE 1 | Basic descriptive statistics of Bitcoin spot and futures.

Bitcoin spot Bitcoin futures

Min −0.3918 −0.23349

Max 0.1723 0.2545

Std. dev 0.0420 0.0442

Mean 0.0011 0.0018

Skewness −0.7102 0.0585

Kurtosis 9.6228 4.2951

gap. Specifically, in this paper, we investigate the dynamic
correlation, volatility spillover, and hedging effectiveness between
the Bitcoin spot and futures markets. The results in this paper
may benefit the understanding of the Bitcoin market. And more
importantly, the results in this paper may guide the investors to
reduce the risks in the Bitcoin spot market by the Bitcoin futures.

DATA AND METHODOLOGIES

Data
In this paper, we collected our dataset on daily Bitcoin spot
and futures from Investing (https://cn.investing.com/), which
is a commonly used website to collect financial time series.
Considering the quality of data on Bitcoin futures, we do not pick
the data from the very beginning of Bitcoin futures. Specifically,
in this paper, we collect our data from Dec 11, 2017, to Jan 22,
2021. Some basic descriptive statistics of the Bitcoin spot and
futures returns are shown in the following Table 1.

As shown in Table 1, on the one hand, the difference between
the minimized value and maximized value is drastic, which may
represent that the prices fluctuate wildly; on the other hand, the
mean values of Bitcoin spot and future are positive with the
magnitude of 0.0011 and 0.0018, respectively, which indicates
that the prices show a sustained increasing trend during our
sample period. Considering the daily frequency, such increasing
is huge. The kurtosis of Bitcoin spot and futures returns exceeds
three, and the skewness of these returns is not equal to zero. Such
characteristics indicate that Bitcoin spot and futures return series
have the characteristics of most financial time series, namely, the
series are not normally distributed and have fat tails. In most
of cases, the univariate GARCH model is apparently successful
in processing the volatility of the financial time series. Besides,
according to previous studies (55, 56), GARCH (1,1) is enough to
summarize the volatility. Thus, in this section, we implement the
GARCH (1,1) process to depict the fluctuation of the two series.
The conditional variances are shown in Figures 2, 3.

As shown in the above two figures, the two series for
conditional variances have almost the same tendency. The
Bitcoin futures seems to be more violate than the Bitcoin spot
except for the time when Covid-19 broke out in the first half
of 2020. In addition, it is obvious that when Covid-19 spread
globally, the conditional variance reached the maximized value,
and thereafter, the condition variances show an upward tendency,
which is not consistent with the trend of conditional variance
after the occurrence of outliers in the pre-Covid-19 times. The
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FIGURE 2 | Conditional variance of the Bitcoin spot.

FIGURE 3 | Conditional variance of the Bitcoin futures.

upward trend reflects the increasing risks in the Bitcoin market
to some extent.

VAR Model
Before estimating the parameters for the variance equation
in the multi-variate GARCH models, for example, the DCC-
GARCH or the BEKK-GARCH model, it is essential to get the
residuals of the return series from the mean equation. Classical
estimation methods to get the residuals seem to suppose that
the mean equation in the GARCH model is based on one
constant. However, the assumption seems unreliable in some
cases when the transaction costs are too important to ignore.
Thus, estimation methods that can deal with the deficiency are
desperately needed. In the financial area, it is widely accepted that
the VARmodel can effectively reduce the influence of transaction
costs in estimating and predicting asset return (57, 58). Therefore,

in this paper, we adopt the widely used VAR model to update the
mean equation in order to better fit the Bitcoin spot and futures
return and get the residuals. In other words, in this paper, the
residuals for multivariate GARCH models are based on the VAR
model. The VAR model can be summarized as follows

Rt = C +
∑

p
i=1Rt−i + εt (1)

εt ∼ N(0,Ht) (2)

where Rt is a vector containing two dimensions, i.e., the Bitcoin
spot and the Bitcoin futures, C is the constant, p refers to the lag
length of the VARmodel, and εt is the residual. As forHt , it refers
to the conditional-variance-covariance matrix of εt .

DCC-GARCH Model
The DCC and CCC model specification are closely connected.
Despite the variance-covariance matrix being time varying,
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the CCC model assumes that the correlation between assets
is a constant. However, such an assumption may not be
appropriate for economic variables in some cases. Thus, Engle
(59) relaxed the assumption on constant correlation coefficient
to the dynamic correlation coefficient and put forward the DCC
model. Thereafter, the DCC specification is adopted by numerous
investigations to depict the correlation between assets. The DCC
model can be summarized by the following Equations (3–6).

Ht = DtRtDt (3)

Rt = Q∗−1
t QtQ

∗−1
t (4)

Dt = diag(
√

h11,t , . . . ,
√

hNN,t ,) (5)

Qt = (1− α − β)Q+ αQt−1 + βδi,t−1δj,t−1 (6)

In the above expressions, Rt is a symmetric conditional
correlation matrix, Dt is a diagonal matrix containing standard
deviations estimated by the univariate GARCH model, and
hii,t (i = 1, . . . ,N) represents the diagonal elements of Ht , Q
represents the unconditional correlation matrixes. Besides, the
model requires both α and β in Equation (6) to be non-negative
and satisfy a condition that α + β < 1. Q∗

t is a diagonal matrix

TABLE 2 | Lag length selection for the VAR model.

Lag LR FPE AIC SC HQ

1 227.9593 1.04e-06 −8.0966 −8.0663* −8.0850

2 17.3786 1.03e-06 −8.1064 −8.0559 −8.0872

3 23.3818* 1.02e-06* −8.1225* −8.0518 −8.0956*

4 2.7452 1.02e-06 −8.1171 −8.0262 −8.0825

LR means the sequentially modified LR test statistic; FPE is the Final prediction error; AIC

represents the Akaike information criterion; SC refers to the Schwarz information criterion;

HQ is the Hannan-Quinn information criterion. e-06 means 10∧ (−6) while * indicates the

lag order selected by the criterion.

with the squared root of the ith diagonal element of Qt on its
corresponding location.

BEKK-GACRH Model
Despite the numerous achievements in the application of the
DCCmodel to depict the dynamic correlation between assets, the
direction of the correlation cannot be inferred from the DCC-
GARCH model. In other words, the existence and direction of
volatility spillover from one asset to another asset cannot be
identified. Thus, in this paper, we make an in-depth investigation
to explore this issue between Bitcoin spot and futures. According
to Chen et al. (5), the BEKK model is suitable to solve the issues
of volatility spillover. Thus, in this paper, the BEKK model is
also selected. The BEKK-GARCH model is represented by the
following Equation (7),

Ht = CC′ + BHt−1B
′ + Aεt−1εt−1

′A′ (7)

where Ht is the conditional variance-covariance matrix, the
matrix of B is the parameter matrix for conditional variance,
representing the relationship of variances between assets, while
the matrix of A is the parameter matrix for the residual achieved
by the mean equation. According to econometric theories, the
matrix of A captures the ARCH effect, while B reflects the
GARCH effect.

TABLE 3 | Descriptive statistics of the dynamic correlation.

Mean Max Min

Value 0.7886 09580 0.2120

FIGURE 4 | Dynamic correlation between Bitcoin spot and futures.
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EMPIRICAL RESULTS

Dynamic Correlation
As mentioned in the above section, it is essential to identify the
lag length for the VAR model before estimating the dynamic
correlation and volatility spillover. In this part, we report the lag
length selection process in the following Table 2.

As shown by the above Table 2, according to FPE, AIC, and
HQ criteria, we set the lag length in the VAR model to be
3, and besides, as mentioned above, GARCH (1,1) is enough
to summarize to variance equation in the GARCH models.
Therefore, in this paper, we combine the VAR model and the
DCC-GARCH model to form the VAR-DCC-GARCH (3,1,1)
model to depict the dynamic correlation between Bitcoin spot
and futures. Basic information of the dynamic correlation is
shown in the following Figure 4 and Table 3.

As shown in Figure 4, the Bitcoin spot and futures are highly
correlated. From Table 3, it is clear that the mean value of
the dynamic correlation series is equal to 0.7886. However,
extreme values also exist. For example, before the Covid-19 global
outbreak inMarch 2020, the correlation showed an upward trend
and reached the maximized value with the magnitude of 0.9580,
and upon the global outbreak of Covid-19 in March 2020, the
correlation between the Bitcoin spot and futures reached the
minimized value with the magnitude of 0.2120.

Volatility Spillover
It is essential to determine the two parameters in the variance
equation of the BEKK-GARCH model. According to previous
studies, (1,1) is widely used as the parameters and is proved to be
sufficient to capture the volatility spillovers between assets. Thus,
considering the lag length in the VAR model is equal to 3, in this
section, we construct the VAR-BEKK-GARCH (3,1,1)model. The
estimation results for the variance equation regarding volatility
spillover are as follows in Table 4.

According to the parameters depicted in Table 4, we can
obtain the following conclusions that there exists a bi-directional
arch type and GARCH type volatility spillovers between Bitcoin
spot and futures, as A(1,2), A(2,1), B(1,2), and B(2,1) are
significant. And besides, the results also reflect a fact that Bitcoin
spot and futures all show volatility clustering. Furthermore, we
conduct the Wald-test for the interested parameters, and the
results support the above conclusions that the volatility of Bitcoin
futures can impact that of Bitcoin spot, vice versa. The bi-
directional existence of volatility spillover between Bitcoin spot
and futures may be explained by the following reasons. Bitcoin
spot and futures markets are affected by the same economic
and technology factors, for example, micro-foundation, market
investors, and information sources, are almost the same for
Bitcoin spot and futures. These common factors will lead to
volatility linkages by altering expectations and thereby affecting
asset demand or cross-market hedging.

Hedging Effective
The above two sections demonstrate two important facts in the
Bitcoin market that Bitcoin spot and futures are highly correlated
and there exists volatility spillover. In this part, we make an

TABLE 4 | Estimation of VAR-BEKK-GARCH (3,1,1) for volatility spillover.

Panel A: Estimation results

Coeff Std Error T-Stat

C(1,1) 0.0193 0.0017 11.5710***

C(2,1) 0.0166 0.0022 7.6808***

C(2,2) 0.0000 0.0016 0.0000

A(1,1) −0.0710 0.0615 −1.1539

A(1,2) −0.5215 0.0626 −8.3368***

A(2,1) −0.1200 0.0637 −1.8823*

A(2,2) 0.0569 0.0507 1.1219

B(1,1) 1.4054 0.0450 31.2593***

B(1,2) 0.7036 0.0476 14.7782***

B(2,1) −0.7407 0.0664 −11.1519***

B(2,2) 0.1452 0.0602 2.4115**

Panel B: Wald test Wald Test

A(1,2) = B(1,2) 268.8633***

A(2,1) = A(2,1) 126.3361***

A(1,2) = B(1,2) = A(2,1) = A(2,1) 269.6281***

A(i,j), B(i,j), and C(i,j) are elements for matrix A, B, and C, respectively. *, **, and *** denotes

significance at 10, 5, and 1% level, respectively.

in-depth investigation to explore the application of volatility
spillover. Specifically, we explore the issue of whether the Bitcoin
futures is feasible to hedge risks from the Bitcoin spot based on
the results of VAR-BEKK-GARCH.

Based on the modern portfolio theory, Johnson (60) put
forward the well-known minimum variance hedge ratio model
for minimizing the risk associated with a certain portfolio. In
this model, it is assumed that asset j can be used as a hedge for
another asset i. The return of the hedged portfolio can be written
as follows in the following Equation (8),

RH,t = Rs,t − γf ,tRf ,t (8)

where RH,t represents the return of the hedged portfolio, γf ,t
is the hedge ratio, Rs,t , and Rf ,t represent the return of Bitcoin
spot and Bitcoin futures, respectively. According to Johnson (60),
Baillie and Kroner, the optimal hedge ratio r∗

f ,t
in Equation (8) can

be achieved by the following Equation (9),

r∗f ,t =
hstt

h
ff
t

(9)

where hstt is the co-variance between Bitcoin spot and futures,

h
ff
t is the conditional variance of the Bitcoin futures. The two

parameters, i.e., hstt and h
ff
t , are calculated by the multivariate

GARCH model, i.e., VAR-BEKK-GARCH. In order to evaluate
the effectiveness of the hedging strategy, we further introduce an
indicator, i.e., hedging effectiveness (HE), which is widely used
by previous studies. The indicator of HE is calculated by the
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following Equation (11).

HE =
(varunhedged − varhedged)

varunhedged
(10)

where varhedged represents the variance of the hedged portfolio
and can be obtained through the time series of RH,t . As for the
varunhedged, the variable refers to the variance of the unhedged
portfolio. Commonly, it refers to the variance of spot returns.

The HE value is smaller than 1. If HE is negative, it means that
investors do not need to hedge risks in the spot market by the
futures market. On the contrary, a positive HEmeans that futures
markets indeed reduce the risk in the spot market. Moreover,
the closer the HE gets to 1, the better risk reduction of Bitcoin
futures to Bitcoin spot. We show the HE value and the basic
information of the optimal hedge ratio in the following Table 5

and Figure 5, respectively.
As shown in Table 5, Bitcoin futures can surely be used as a

hedge to reduce the risks from the Bitcoin spot market as the
HE value is equal to a positive 0.6446. The HE is equal to 0.6446,
indicating that around 64.46% of the price return variance of the
Bitcoin spot can be effectively hedged by taking a short position
in Bitcoin futures. The optimal hedge ratio for Bitcoin futures
is 0.8572. This means that a unit of the long position in the
Bitcoin spot can be hedged by shorting 0.8572 of carbon futures
on average.

TABLE 5 | Basic information of the dynamic hedging strategy.

Hedging characteristics Value

Average Hedge ratio 0.8572

Min 1.5899

Max −0.2672

HE value 0.6446

ROBUSTNESS CHECK

The above illustration proves an important fact that futures,
especially the Bitcoin futures, can be used as a hedge to reduce

TABLE 6 | Estimation results of VAR-BEK-GARCH after the outbreak of Covid-19.

Panel A: Estimation results

Coeff Std Error T-Stat

C(1,1) 0.0100 0.0024 4.1181***

C(2,1) 0.0183 0.0026 7.0961***

C(2,2) −0.0000 0.0032 −0.0000

A(1,1) −0.1036 0.1613 −0.6426

A(1,2) −0.8976 0.1425 −6.2992***

A(2,1) 0.5827 0.1370 4.2521***

A(2,2) 1.0287 0.1572 6.5457***

B(1,1) 0.8437 0.0703 11.9989***

B(1,2) 0.1573 0.0791 1.9890**

B(2,1) 0.0275 0.0847 0.3240

B(2,2) 0.6105 0.0870 7.0179***

Panel B: Wald test Wald test

A(1,2) = B(1,2) 39.7349***

A(2,1) = A(2,1) 31.8814***

A(1,2) = B(1,2) = A(2,1) = A(2,1) 79.7450***

Panel C: Basic information of the dynamic hedging Value

Average Hedge ratio 0.8689

Min 1.5691

Max −0.7074

HE value 0.6778

A(i,j), B(i,j), and C(i,j) are elements for matrix A, B and C, respectively. **, and *** denotes

significance at 10, 5 and 1% level, respectively.

FIGURE 5 | Dynamic hedge ratio between Bitcoin futures and spot.
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risks in the Bitcoin spot market. However, for the sake to
guarantee the rigor of an academic research paper, it is essential
to verify the conclusion by updating the data of futures. Thus, in
this section, we alter the time period for empirical investigations.
In this section, we choose a particular sample from the very
beginning of the Covid-19 to the end of our sample to make
an in-depth study on the hedging power of Bitcoin futures to
Bitcoin spot. Specifically, we selected the time period from Jan 24,
2020, to Jan 22, 2021, as our sample and re-did the VAR-BEKK-
GARCHmodel for this sample. The results for volatility spillover,
HE value, and dynamic hedge ratio are shown in Table 6 and
Figure 6, respectively.

As shown in Table 6, the bi-directional volatility spillover
between Bitcoin spot and futures does not change as the
interested parameters are significant. More importantly, the
results indicate that after the outbreak of Covid-19, compared
with the case for the full sample, the hedging power of the
Bitcoin futures improved, as HE increases from 0.6446 to 0.6778.
However, the results also indicate another fact in the Bitcoin
market, Bitcoin futures have always been a good hedge against
bitcoin spot risk, as the increase of HE value is quite limited.

DISCUSSION

The global plague, Covid-19, is still spreading, resulting in
quantitative easing (QE), which to some extent pushes up Bitcoin
prices. In this paper, we make in-depth investigations to explore
whether the traditional assets can be used to hedge risks in the
Bitcoin spot market. As Ji et al. (27) noted that the gold asset
is a commonly used safe-haven asset, in this paper, we thus
replace the Bitcoin futures with gold futures to re-investigate
the functions of futures in hedging Bitcoin spot market risks.
Specifically, we collect our data on gold futures from Investing
(https://cn.investing.com/). As our hedging strategy is based on
the VAR-BEKK-GARCH model, we re-do the estimations of the

VAR-BEKK-GARCH model. The estimation results of the VAR-
BEKK are also reported in this paper, see the following Table 7.
And the corresponding statistics of the dynamic hedge ratio and
the HE value are reported in Table 8.

FromTable 7, it is clear that the ARCH type volatility spillover
from Bitcoin spot to gold futures does not exist as A(2,1) is
insignificant. However, the significance of the other parameters
and the Wald test indicate that there exists a bi-directional
volatility spillover between the Bitcoin spot and the gold futures

TABLE 7 | Volatility spillover estimated from VAR-BEKK-GARCH.

Panel A: Estimation results

Coeff Std Error T-Stat

C(1,1) 0.0190 0.0034 5.5366***

C(2,1) −0.0047 0.0010 −4.7829***

C(2,2) −0.0000 0.0024 −0.0000

A(1,1) 0.2336 0.0446 5.2419***

A(1,2) −0.0476 0.0127 −3.7364***

A(2,1) 0.1774 0.1304 1.3605

A(2,2) 0.4360 0.0506 8.6093***

B(1,1) 0.8691 0.0476 18.2750***

B(1,2) 0.1142 0.0126 9.0415***

B(2,1) −0.4735 0.1576 −3.0053***

B(2,2) 0.7086 0.0511 13.8699***

Panel B: Wald test Wald Test

A(1,2) = B(1,2) 90.753734***

A(2,1) = A(2,1) 9.652930***

A(1,2) = B(1,2) = A(2,1) = A(2,1) 98.141248***

A(i,j), B(i,j), and C(i,j) are elements for matrix A, B and C, respectively. *** denotes

significance at 10%, 5% and 1% level, respectively.

FIGURE 6 | Dynamic hedge ratio after the outbreak of Covid-19.
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TABLE 8 | Basic information of the dynamic hedging strategy for further

discussion.

Hedging characteristics Value

Average Hedge ratio 0.4301

Min −2.1427

Max 1.7865

HE value 0.0326

TABLE 9 | Hedging effectiveness of the Bitcoin futures to the Bitcoin spot after

controlling other cryptocurrencies.

Hedging characteristics Panel A Panel B

Average Hedge ratio 0.8218 0.8431

Min −0.1027 −0.3597

Max 1.1425 1.2166

HE value 0.6670 0.6744

Panel A is the case for controlling all the other cryptocurrencies, i.e., Ethereum (ETH),

Litecoin (LTC), Dash (DASH), Ethereum Classic (ETC), Monero (XMR), Neo (NEO), and

OmiseGO (OMG); Panel B refers to the case to control the Neo (NEO). The lag length

of the VAR model for Panel A is equal to 1, thus, a VAR-BEKK-GARCH (1,1,1) model

is estimated. The lag length of the VAR model for Panel B is equal to 3, thus, a

VAR-BEKK-GARCH (3,1,1) is implemented.

markets. Besides, based on all these results for the VAR-BEKK-
GARCH model, we calculate the HE value, and the results show
that the gold futures market can be used as a hedge to reduce risks
in the Bitcoin spot market as the HE value is larger than 0 (See
Table 8). However, the results in Table 8 also reflect a fact that
the traditional gold futures may not perform well in reducing the
Bitcoin spot risks compared with the Bitcoin futures market as
the HE is much smaller.

Existing study regarding the Bitcoin market shows that
other cryptocurrencies are non-negligible factors to the Bitcoin
market (61). Thus, in this paper, based on previous conclusions,
other two empirical investigations are implemented. First, we
control other cryptocurrencies as Katsiampa et al. (61) do.
Second, we control one cryptocurrency in particular, i.e., Neo,
as Katsiampa et al. (61) noted that cryptocurrency investors
pay the most attention to news relating to Neo. In this
paper, data on other cryptocurrencies, i.e., Ethereum (ETH),
Litecoin (LTC), Dash (DASH), Ethereum Classic (ETC), Monero
(XMR), Neo (NEO), and OmiseGO (OMG), are downloaded
freely from Investing (https://cn.investing.com/). We re-do the
above estimations for hedging effectiveness, and the detailed
results of the two empirical investigations are shown in the
following Table 9.

As shown in Table 9, it is clear that after controlling
other cryptocurrencies, the Bitcoin futures can still be used
to hedge the Bitcoin spot risks as the HE is still positive.
The empirical results in this section further demonstrate
that our conclusion is robust and thus can be used in
Bitcoin investing.

CONCLUSION

The Covid-19 outbreak has made Bitcoin a focus of research.
The novelty of this paper lies in the analysis of relationships
between the Bitcoin spot and futures markets. Specifically, in this
paper, we investigate the dynamic correlation by the VAR-DCC-
GARCH model and the volatility spillover by the VAR-BEKK-
GARCH model. And based on the estimation results of the
VAR-BEKK-GARCHmodel, one hedging strategy is put forward
and assessed. The empirical results indicate that the Bitcoin
spot and futures have no difference from traditional markets.
Bitcoin spot and futures are highly correlated. The estimation
results for the VAR-BEKK-GARCH model show that volatility
spillover exists and is bi-directional. The hedging strategy based
on the VAR-BEKK-GARCHmodel shows that the Bitcoin futures
can be used as a hedge to reduce the risks in the Bitcoin spot
market. Moreover, we especially focus on the post-Covid-19
period for robustness checks, the results show that the hedging
ability increased as the HE value increased from 0.6446 to 0.6778.
Finally, we further explore whether the traditional gold asset can
be used to hedge the Bitcoin spot market. The results show that
gold futures perform worse compared with the Bitcoin futures.

However, deficiencies also exist in this paper. For example,
methods to depict the dynamic correlation or the volatility
spillover are abundant. In this paper, only the VAR-DCC-GACH
and the VAR-BEKK-GARCH are selected. Choosing alternative
methods, for example, the GAS model (62) etc., to investigate
the relationships inside the Bitcoin market is desperately needed
to form a more comprehensive picture; At the same time, as
Katsiampa et al. (61) noted that high-frequency volatility co-
movements in cryptocurrency markets surely exist and adopting
high-frequency data to further explore the dynamic correlation
and volatility spillover is thus also desperately needed; As Xu (63)
noted that energy markets spill to the emerging carbon market,
it may also be an interesting topic to discuss the spillovers from
energy markets to the emerging Bitcoin market.
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As China experiences rapid aging, the mental health of older rural adults has become

a major public health concern. Among other social insurance programs, the New Rural

Social Pension (NRSP) scheme was established to replace part of the income for old-age

rural residents in China. This article employs survey data from the China Health and

Retirement Longitudinal Study (CHARLS) in 2015 and 2018 to investigate the impact of

a pension on depression in middle-aged and old residents. Our results show that the

pension scheme not only reduces the depressive symptoms of the rural residents but

keeps down the prevalence rate of depression. Among the subscribers of the pension

scheme, the pensioners benefit more from enrolling in the pension scheme than the

contributors in terms of depression alleviation. The impact of pension on depression

displays heterogeneity; female residents, residents in central China, and/or those from

lower income households are found to be positively affected. It is also confirmed that a

pension scheme contributes to easing depression via reduced labor supply, better family

support, and more consumption expenditure.

JEL Classification: H55, I18, I38.

Keywords: urban-rural resident social pension, new rural social pension, depression, mental health, rural residents

INTRODUCTION

Due to improvedmedical conditions, higher living standards, and a declining birth rate, accelerated
aging around the globe seems to be unavoidable. Among all the major countries, China especially
is experiencing a rapid process of population aging. According to the seventh national census of
China, the population of those above 60 and 65 reached 264.02 and 190.64 million in 2020, taking
up 18.7 and 13.5% of the total population, respectively. The proportion of the aged in the total
population is expected to surge in the coming decades.

What makes the situation worse are the significant socioeconomic changes accompanying rapid
economic growth in China. China used to be a dichotomous society where the urban and rural
areas were different in many aspects, such as income level, social support systems, etc. (1). When
industrialization and urbanization accelerated, the dichotomy was exacerbated. A lot of labor force
moved into the cities, and villages were seen “hollowing out,” where only the elderly and children
were left behind. Without a proper social support system, this population was vulnerable to mental
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health problems such as depression. Accordingly, some
researchers noticed that depression is more prevalent in rural
areas than cities (2, 3). It was reported that the prevalence rates
of depression in urban and rural areas were 16.4 and 30.0% in
China in 2013, respectively (4). According to WHO (5), among
all the victims of depression, the undertreated cases for rural
residents were twice as many as among urban citizens.

Depression was found to be closely associated with numerous
undesirable consequences (6). It also resulted in heavy medical
burden on the family and society. According to Fan et al. (7),
mental diseases like depression accounted for over 20% of the
total medical expenses in China. Thus, depression has already
become a major public health concern.

Correspondingly, much research has been carried out to
identify the determinants of depression. Factors which could have
a significant impact on depression can generally be classified
into several groups. The first category of determinants are
demographic characteristics, such as gender, age, education
level, and income level (8–11) find that Chinese women
have significantly higher depressive symptoms than men.
Socioeconomic status (SES) is also identified as a risk factor
for depression: people with lower SES generally show higher
degrees of depressive symptoms (12, 13). The second category
of determinants involves health conditions, such as functional
disability and chronic diseases (14). The third group of
determinants are environmental factors, such as living facilities
and social support from community or family (15, 16). Fang
et al. (1) also attributes the worse mental health of rural residents
to limited access to community support. The fourth group of
factors are related to social participation. Higher frequency of
participation in social activities and diversity of social activities
involved are positively related with better mental health (16,
17). Active participation in social activities is beneficial for
improving mental health, such as reducing depressive symptoms,
and improving life satisfaction (18–22). Aside from above factors,
the impact of government welfare provisions has attracted
the attention of researchers. Calvo (23) believed that benefits
provided by the government can improve life satisfaction of
citizens significantly. Kim (24) also reported similar impacts of
public social safety nets on the life satisfaction of elderly Korean
citizens. Provision of better-quality pension schemes was found
to improve the life satisfaction of employees both during and
prior to retirement in China (25). Grogan and Summerfield
(26) found that pension benefits reduced the labor supply of
retired female pension subscribers and increased their happiness.
Enrollment in pension schemes could help older adults reduce
their anxiety and loneliness and promote their self-care capability
and life satisfaction (27–29).

In 2009, the Chinese government launched a new social
pension scheme for rural residents. This program was designed
to provide income for old-age rural residents, but it may bring
other effects as well. Specifically, its impact on elder residents’
depression needs to be examined. If it is found to positively
impact mental health, the pension scheme should be further
consolidated to strengthen the function.

Even though most studies supported a positive correlation
between pension scheme and mental health (27, 28, 30), there

were still many questions left unanswered. Firstly, nearly all the
literature assumed that the effect of pension on mental health is
the same irrelevant of the state of pension, i.e., as a contributor
or pensioner (31), but this assumption could be challenged,
because the impact of paying premiums and receiving proceeds
won’t be the same for an ordinary person, even if this person is
considered as “under coverage.” Secondly, the effects of various
covariates were usually found to be inconsistent with each other
in literature; more empirical evidence was needed. Thirdly, the
mechanism of the effect of pension enrollment on mental health
was still like a “black box”; some functioning channels were
identified (27), (32), (33), but it was far from being exhausted,
meaning those identified functioning channels need to be further
tested. Last but not least, most previous studies on this topic were
carried out with small samples (34). Evidence from large samples
is earnestly expected.

Using a national survey database and a 10-questions version
of the Center for Epidemiologic Study depression (CES-D)
battery to gauge the extent of depressive symptoms, this article
confirmed that the subscribers of the pension scheme, especially
the pensioners who are eligible to receive benefit but do not
need to contribute any longer, have fewer depressive symptoms
and less incidence of depression than the contributors who are
not eligible to receive benefit yet but suffer from the burden
of paying the premiums. This effect is heterogeneous among
populations with different characteristics, and work through
some mediators, such as labor supply, family support, and
consumption expenditure.

This article is organized as follows: section 2 presents a
brief introduction about the background of rural social pension
scheme in China, section 3 introduces the methodology and
data, section 4 displays the empirical results, section 5 identifies
the mechanism of the effect of pension, and section 6 gives the
conclusive remarks.

BACKGROUND OF RURAL PENSION
SCHEME IN CHINA

After several failed trials, the State Council of China initiated a
new round of rural pension system reform and established a new
scheme called the New Rural Social Pension (NRSP) scheme in
2009. According to the design of the scheme, the pension fund
will be contributed to by the subscriber, the employer, and the
local and central government. The reform was first launched
in 320 pilot counties; afterward, the scheme was extended to
all the counties around the country by the end of 2012. NRSP
was incorporated into an urban residents’ pension scheme and
renamed as Urban-Rural Resident Social Pension (URRSP) in
20141. According to NRSP, every rural resident who was beyond
16 and had not been enrolled in any other pension plan was
qualified to join NRSP. When NRSP was initiated at the local
area level, if the rural subscriber was beyond 60, he/she was
entitled to receive basic pension benefit from the fund and
pension premium was no longer required, on the condition that

1We take NRPS and URRSP as the same scheme for rural residents and use these

two terms interchangeably in the rest of article.
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the qualified children of the subscriber shall be subscribed in the
scheme.When an individual was<15 years from the pension age,
the pension premiums should be paid on an annual basis, at the
same time, a supplementary premium payment was allowed to
make the total premiums payment be no <15 years; when an
individual was more than 15 years from the pension age, the
pension premiums should be paid on an annual basis, and the
premiums should be paid for more than 15 years. The individual
payment standard was classified into 100, 200, 300, 400, and
500 yuan per year. The subscribers had the option to choose
one standard which suited them; if they chose to contribute
more, they would benefit more. The village and other social
entities were allowed to subsidize the individual payment of
premiums on a voluntary basis. Local government was required
to subsidize the subscriber for no <30 yuan per year from the
public finance account. There were two accounts for the NRSP,
namely individual account and social pooling account. All the
individual premiums would go into an individual account and
accumulate, the subscriber could draw benefit from it according
to a computation formula in their old age. When the subscriber
was deceased, the remainder in the individual account could
be inherited. Social pooling account was fully financed by the
local or central governments, and the funds were used to pay
the basic benefit of pension. The standard of basic benefit was
set at 55 yuan per person per month (or 660 yuan per year).
The central government promised to finance all the funds in
the social pooling account for central or western provinces, and
half of the funds for relatively developed eastern provinces. Since
2020, some reforms about the URRSP have been carried out
to encourage individuals to contribute more; the specific policy
provisions include lifting the premium payment ceiling andmore
standards of premiums.

Compared with developed countries, the pension benefit is
inappreciable in its amount. But the significance of the pension
benefit should be better evaluated by its share in the net income of
the subscribers. When the share is relatively high, the subscribers
will have a stronger feeling of been protected financially, and
their worries about their financial situation in old age will be
greatly reduced. According to a survey in 2009 when the policy
was formulated, the 660 yuan basic benefit of pension took up 8–
30% of the net income for the rural old adults ranging 60–75. The
average was about 15%, and the pension benefit becamemore and
more important as the total net income declined with old age.

DATA AND METHODOLOGY

Source of Data
Even though the issue of depression in China has been
investigated in the literature, most previous studies employed
regional data which only reflected the situation in a specific area,
and usually the volume of data was small. This article employs
data from a large-scale national survey, the China Health
and Retirement Longitudinal Study (CHARLS), to conduct the
research. The CHARLS survey was directed by the National
Development Academy of Peking University, and aimed to
investigate older adults above 45 and their families. The survey
was initiated in 2011, then three follow-up surveys were carried

out in 2013, 2015, and 2018. Due to the scientific sampling
methods and the large volume of sample size, CHARLS data
was widely acknowledged and used in many previous literature
to examine the health status of older adults in China, such as
in Lafave (35) and Lei et al. (36). Considering the NRSP was
declared by the government to have spread to each and every
county in China at the end of 2012, and to make sure all the
respondents were affected by the policy, we drop the data of 2011
and 2013 and only use those of 2015 and 2018 to constitute panel
data sets. After deleting data with missing information, 21,122
samples are included in our study. Data and documentation of
CHARLS are available at http://charls.pku.edu.cn/.

Variables
Dependent Variable
The dependent variables included in our research are the extent
of depressive symptoms and the incidence rate of depression.
The Center for Epidemiological Study Depression Scale (CES_D)
was used to gauge the mental health of the respondents in
the CHARLS questionnaire. CES_D was widely used in the
field of mental health study and its validity and reliability were
confirmed for the Chinese population (36). The scale used in
the CHARLS program was a shortened version of CES_D with
10 questions. Among these questions, eight are about positive
emotions and two about negative emotions. The answers for
CES-D are frequencies on a four-scalemetric, ranging from rarely
(<1 day), to some days (1–2 days), to occasionally (3–4 days), to
most of the time (5–7 days). Value of 0, 1, 2, and 3 are assigned
to each answer to positive questions, and the scoring is reversed
for negative questions. When summing these scores up, we can
get an indicator with values ranging from 0 to 30; a higher
score representsmore serious depressive symptom and vice versa.
To facilitate our regression, following Weissman et al. (37), we
also set a threshold at score 16. When the score is above 16,
the respondent is considered as having depression and assigned
to value 1, while <16 is considered as free of depression and
assigned to value 0.2 The CES-D 10 questions are reported in
Table A1.

Core Explanatory Variables
The core explanatory variable used in our regression is whether
the respondent is a subscriber of NRSP. If the answer is
positive, value 1 is assigned, otherwise 0 is assigned. Furthermore,
considering different states of the subscribers, they are further
classified as contributors and pensioners, and assigned to 0 and
1, respectively.

Covariates
With reference to previous literature (8–10, 29), covariates
are selected to show the respondents’ population sociology
characteristics and individual and family features. The covariates
used in this article are gender, age, marital status, education,
whether or not the respondent has chronic illness, whether or not
the respondent is enrolled in the New Rural Social Basic Medical

2Please note that this score is not identical to the results of clinical diagnosis for

depression, it is just used as a measure for mental health.
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Insurance (NRSBMI) program, the respondent’s self-evaluation
of physical health, family size, and average income of household
members. Time fixed variable is also included to represent factors
which vary with time but could not be captured by the covariates.

Table 1 presents the descriptive statistics for the rural middle-
aged and old-age residents in China. As is shown in the table,
the average CES_D score is 7.620, indicating a relatively low
depressive level for the whole investigated population, but some
highly depressive cases with CES_D scoring as high as 28 were
covered in the survey. 70.8% of respondents were subscribed
in the pension program, nearly one third were not insured
for their income in old age. Among the subscribers, nearly
half were contributors and the other half pensioners, whose
percentages in the population were 38.7 and 37.0%, respectively.
There were 47.1% males and 52.9% females in the sample. The
average age was 61.1. 87.2% respondents were married. More
than half of the sample (56.4%) reported chronic illness, but
most respondents (71.8%) still believed they were in good or
very good health condition. 93.6% respondents were subscribed
to NRSBMI. Education level was secondary high school or below
for 93.8% respondents. Average family size was 2.36.

Methodology
This article employs panel data from the CHARLS data base
to examine the impact of social pension scheme on the rural
older adults’ depression; the econometric model is constructed
as follows:

Yit = β + β0 ∗ pnsionit +

k
∑

i=1

βiZit + αi + αt + µit (1)

where Yit represents the CES_D score for respondent i in year t
(t = 2015 or 2018) and Yit measures the respondent’s depression
level. The higher the score is, the worse the mental health will be.
pnsionit is a dummy variable to indicate whether the respondent
is enrolled in the pension scheme. Zit is a vector of covariates
including gender, age, marital status, chronic illness, average
income of household members, education level, self-reported
health status, etc. αi is the individual effect which does not change
with time, while αt is the year fixed effect. µit is a random
disturbance term. Coefficient β0 is the focus of our study, it will
reveal the impact of pension on severity of depressive symptoms.
In the estimation of panel data, both fixed and random effect
models will be employed, and the final model will be determined
by the results of a Hausman test.

To test the robustness of the previous regression results, the
respondents are classified into two groups according to their
CES_D score: those with CES_D score over 16 are considered as
depressed and assigned to value 1, while those with CES_D score
below 16 are considered as non-depressed and assigned to value
0. A Logit model is used for estimation.

Endogeneity is amajor problem for this research because there
may be some factors which affect both the dependent variable
and explanatory variables and make the explanatory variables
not independent of the error term (38, 39). If an endogeneity
problem exists, the regression results could be biased (40, 41).
This article uses an instrumental variable that is highly correlated
with the explanatory variable but not directly correlated with the
dependent variable to deal with the endogeneity problem.

This article explores the heterogeneous impacts of pension on
depression in different subsamples according to region, gender,

TABLE 1 | Descriptive statistics.

Variables Variable description Samples Mean Variance Min Max

CES_D Score The score of CES_D scale 21,122 7.620 6.198 0 28

Enrollment in NRSP 1 = yes, 0 = no 21,122 0.708 0.455 0 1

Contributor At the stage of paying premiums 21,122 0.387 0.487 0 1

pensioner At the stage of receiving benefits 21,122 0.370 0.483 0 1

Gender 1 = male, 0 = female 21,122 0.471 0.499 0 1

Age Age of the respondent 21,122 61.06 9.088 45 108

Marriage 1 = married, 0 = unmarried 21,122 0.872 0.334 0 1

Chronic illness 1 = yes, 0 = no 21,122 0.564 0.496 0 1

Physical health 1 = Great/Good, 0 = Not Bad/Bad/Worse 21,122 0.718 0.450 0 1

Enrollment in SBMI Enrollment in social basic medical insurance

program (SBMI), 1 = yes, 0 = no

21,122 0.936 0.245 0 1

Education Primary school or below 21,122 0.732 0.443 0 1

Junior high school 21,122 0.206 0.404 0 1

Senior high school or above 21,122 0.063 0.242 0 1

Satisfaction The score of satisfaction 21,122 1.650 0.706 0 2

Average household income Logarithm of the average income of the

household members

21,122 7.263 3.101 0 14.45

Family size Number of people in the household 21,122 2.36 0.852 1 11

Variable “satisfaction” is the summation of respondent’s satisfaction score for children and marriage, in which satisfaction with children and marriage is a dummy variable, very satisfied

with children and marriage is assigned to 1, and not very satisfied with children and marriage is assigned to 0, respectively. The “average household income” in the above table has

been taken as logarithm.

Frontiers in Public Health | www.frontiersin.org 4 July 2021 | Volume 9 | Article 710128282

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Pan et al. Pension Mitigates Depression

TABLE 2 | Regression results of equation (1).

Level of

depressive

symptom

Level of

depressive

symptom

Enrollment in NRSP −0.310** (−2.36)

Pensioner −0.458*** (−2.79)

Contributor −0.181 (−1.12)

Age 0.065 0.067

(−1.01) (−1.05)

Gender −0.783 (−0.55) −0.726 (−0.52)

Marriage −1.228*** (−2.60) −1.288*** (−2.73)

Junior high school 0.02 (0.08) 0.037 (0.15)

Senior high school or

above

−0.471 (−0.94) −0.458 (−0.92)

Self–reported physical

health

−1.676*** (−9.88) −1.681*** (−9.90)

Enrollment in SBMI 0.484* (1.92) 0.668**

(2.41)

Family size −0.077 −0.085

(−0.88) (−0.96)

Average household

income

−0.017 (−0.83) −0.011 (−0.56)

Chronic illness 0.262** (2.26) 0.250** (2.14)

Observations 21,122 21,122

Fixed effect YES YES

***p < 0.01, **p < 0.05, *p < 0.1. The same hereinafter. Clustered standard error at

individual level is used in this regression and all other regressions.

and income level. Furthermore, mediating effects are examined
to identify the mechanism through which the enrollment
of pension impacts depression; several important functioning
channels are identified. These results not only contribute to
theoretical understanding about the role of pension schemes in
alleviating depression for rural residents, but will provide more
policy implications.

EMPIRICAL RESULTS

Basic Regression Results
Both fixed and random effect models are estimated, but the
Hausman test results (p < 0.01) support the adoption of the fixed
effect model. Thus, only the estimation results of the fixed effect
model are reported in Table 2.

The results in the first column show that the coefficient of
pension participation is negative and statistically significant at 1%
level, indicating that the subscribers generally have lower CES_D
score and better mental health than the non-subscribers. The
reduced depressive symptommay result from the relief of worries
about their old age due to benefit from the pension scheme.
When we divide the subscribers into contributors (usually for
those below 60) and pensioners (usually for those above 60), the
regression results in column 2 show that only the pensioners
benefit from the depression relief effect of pension, the coefficient
of contributors is also negative, but statistically insignificant.

TABLE 3 | Results of logit regression.

Probability of

depression

Probability of

depression

Enrollment in NRSP −0.471***

(−3.43)

Pensioner −0.480***

(−2.76)

Contributor −0.443**

(−2.57)

Age 0.034 (0.83) 0.033 (0.81)

Gender −1.180 (−1.11) −1.296 (−1.20)

Marriage −0.603* (−1.71) −0.587* (−1.65)

Junior high school −0.064 (−0.23) −0.062 (−0.22)

Senior high school or above −1.261**

(−1.96)

−1.180* (−1.85)

Self–reported physical health is Great/Good −0.754***

(−5.13)

−0.750***

(−5.11)

Enrollment in SBMI 0.698*** (3.15) 0.952*** (3.75)

Family size 0.158* (1.65) 0.154 (1.62)

Average household income 0.023 (1.11) 0.024 (1.16)

Chronic illness 0.291** (2.44) 0.293** (2.46)

Observations 21,122 21,122

***p < 0.01, **p < 0.05, *p < 0.1.

According to Table 2, if other conditions are equal, those
married generally have lower CES_D score or better mental
health compared with those who are single. Self-evaluated
physical health level is found to be positively correlated with
mental health. Those who report good or very good health
status have lower CES_D scores than those with average, good,
or poor health; it indicates that poor health may come with
more frustration and negative feelings, and thereby contribute
to depression. This is consistent with the findings in this article
that respondents with chronic illness usually have more serious
depressive symptoms. The coefficient of variable “subscriber of
social basic medical insurance” is positive, whichmeans that even
though medical insurance helps improve the health level, but
those with social basic medical insurance still have a higher level
of depression, we speculate that it might be the result of “adverse
selection,” i.e., those with serious preconditions are more likely
to subscribe to medical insurance, and are more susceptible to
depression. The coefficients of the covariates are generally aligned
with most previous studies.

Robustness Check
As stated previously, we followWeissman et al. (37) to classify the
sample into “depression” (assigned to value 1) group and “non-
depression” (assigned to value 0) group based on the CES_D
threshold score of 16, and replace the dependent variable in
equation (1) as probability of depression, then we employ fixed
effect Logit model to estimate the new equation with all the
covariates unchanged.

Table 3 shows that enrollment in a pension scheme is
negatively correlated with the probability of being depressed.
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TABLE 4 | Regression results with instrumental variable.

Level of depressive symptom

Enrollment in NRSP −2.712*** (−2.82)

Control variables YES

Observations 21,122

The control variables in the above regression include age, gender, marital status,

education, self–evaluation of physical health, family size, average household income,

chronic illness, and enrollment in SBMI. ***p < 0.01.

Being married, better self-reported physical health status,
and higher education level are negatively correlated with the
probability of being depressed, while respondents with chronic
illness and enrolled in social basic medical insurance are found to
be more likely to be depressed. When we divide the subscribers
into contributor group and pensioner group, it is shown that
respondents from these two groups have significantly lower
incidences of depression.

Fixed effect model estimation is accountable for the latent
factors which do not vary with time, but there still may be latent
factors changing with time, or the reverse impact running from
mental health to enrollment in a pension scheme may exist. It
means that the endogeneity problem should not be neglected.
This article employs the instrumental variable (IV) method to
solve the problem.

Considering that individual decision may be affected by
his/her various traits, the individual enrollment decision
and depression could be mutually affected, and endogeneity
problem arises. This article uses the take-up rate of NRSP
of the respondent’s community as an IV because the take-
up rate of the community, which is usually a function of
policy implementation, the strength of public finance of local
government, the reputation of local government, etc., is usually
positively correlated with the possibility of an individual’s
enrollment, while personal depressive status will not have any
impact on the take-up rate of the community, which makes the
take-up rate a qualified IV.

Table 4 presents the regression results of equation (1) with IV
method. The results show that, after adjusting for endogeneity,
the coefficient of variable enrollment in a pension scheme is still
negative and significant at 1% level.

To further ensure the robustness of the estimation, standard
errors are clustered at the individual level within all the
regressions of this article.

Heterogeneity Analysis
Gender
Many previous studies identified that mental health differs
among different sex groups (9, 42), and females were found to be
more prone to depression (9). In our sample, the average CES_D
score for female respondents is 8.66, much higher than the 6.46
for males. Regression within different subsamples classified by
sex shows that the old-age females in rural China can significantly
benefit from pension to alleviate depression, while males do not
show the same characteristics (please see Table 5). Rural-living

TABLE 5 | Heterogeneity by gender.

(1) (2)

Male Female

Enrollment in NRSP 0.057 (0.32) −0.639*** (3.39)

Control Variables YES YES

Observations 9,952 11,170

The control variables in the above regression include age, marital status, education, self–

evaluation of physical health, family size, average household income, chronic illness, and

enrollment in SBMI. ***p < 0.01.

TABLE 6 | Heterogeneity by region.

(1) (2) (3)

Eastern area Central area Western area

Enrollment in NRSP −0.131 (−0.64) −0.573** (−2.35) −0.273 (−1.15)

Control variables YES YES YES

Observations 7,262 6,768 7,092

The Eastern area includes 11 provinces: Beijing, Tianjin, Hebei, Liaoning, Shanghai,

Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan. The Central area includes

eight provinces: Heilongjiang, Jilin, Shanxi, Anhui, Jiangxi, Henan, Hubei, and Hunan.

The Western area includes 12 provinces: inner Mongolia, Guangxi, Chongqing, Sichuan,

Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang. The control

variables in the above regression include age, gender, marital status, education, self–

evaluation of physical health, family size, average household income, chronic illness, and

enrollment in SBMI. **p < 0.05.

females usually have lower income and social position and more
frustration and unmet needs. Pension income means a lot to
them and may greatly help them build their self-esteem and
reduce their worries about old age, thus positively impacting their
mental health.

Region
China is a large country where the regional disparity is
remarkable. The impact of NRSP on depression may also vary
across different regions. Following many precedents in literature
on regional economics, the whole territory of China is divided
into three sections, namely Eastern area, Central area, and
Western area, to explore the differences among these regions.
From the results in Table 6, it is noted that even though the
impact of pension on depression alleviation is positive (negative
coefficients) for all three regions, it is statistically significant only
for Central area. Among these three regions, rural residents from
Eastern section enjoy the highest income level and relatively
complete social supporting system, while the residents in Central
andWestern sections are in a relatively disadvantageous position.
The average income of the respondents’ households are 12,660,
8,839, and 7,842 yuan for Eastern, Central, and Western area,
respectively. Respondents from Central area have lower average
income compared with Eastern area, plus the Central area is close
to relatively developed Eastern regions, so residents of this region
may have stronger feelings of deprivation. Thus, pension income
could have stronger impacts on themental health of the residents.

Income
The results in Table 7 are estimated with three subsamples
classified by income level. It is noted that enrollment in a pension
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TABLE 7 | Heterogeneity by income level.

(1) (2) (3)

Low–income Middle–income High–income

Enrollment in NRSP −0.520*** (−2.75) −0.437 (−0.73) −0.407 (−1.13)

Control variables YES YES YES

Observations 14,696 3,526 2,900

In the total sample, those with average household income falling in the lowest 1/3 quantile

are defined as low–income group, those in the highest 1/3 quantile are defined as

high income group. The control variables in the above regression include age, gender,

marital status, education, self-evaluation of physical health, family size, average household

income, chronic illness, and enrollment in SBMI. ***p < 0.01.

scheme is negatively correlated with depression score and good
for mental health only for low-income respondents. The results
are consistent with those in Table 6. Amount of pension payment
is usually not much compared with the regional average income,
but it still means a lot to low-income rural residents and is helpful
in promoting their mental health. Meanwhile, the high/middle
income individuals may not be so sensitive to the pension
income, and pension does little for their mental health. A study
on the Mexican elderly population identified a positive link
between financial strain and depression (43) and the findings
were consistent with our results.

MECHANISM IDENTIFICATION

As was stated before, mental health may be affected by various
factors. At the same time, NRSP not only provides a certain
amount of income to the qualified subscribers, as part of the
social security net, it also contains multiple derivative functions.
It was expected that enrollment in NRSP may contribute to
residents through various channels.

The first channel could be the reduced labor supply. For
rural residents, the concept of retirement is very vague,
and most of them do not have a fixed retirement income
other than pension income, so most of them have to work
in their old age as long as their physical health permits
(44). It was reported that ∼30% of Chinese older adults
still participate in paid work (45). Some studies have found
that participation in paid work later in life could induce
depressive symptoms (33, 46). With pension income, the
older rural residents may reduce labor supply more or less
and have more leisure time to have fun with friends or
family members, which could contribute to their mental health
and reduce depression symptoms (32, 33). Many researchers
believed that participation in social activities matters to
maintaining mental health for old people (14, 47). Reduced
labor supply was the precondition for participation in social
activities. In the current survey, the respondents were asked
about their labor supply, thus making it possible to test
this mechanism.

The second channel could be improved family relations. As
documented in literature, social support was vital for people’s
mental health (48), and family relation was the core of a broad

definition of social support. Yu et al. (34) found that family
had a strong influence on the Chinese older adults’ life purpose
and self-esteem and was the most important source of personal
happiness. With pension income, the respondent could provide
more goods or services for the spouse, granted the spouse greater
security, and made him/herself look more reliable, which would
strengthen themarital relation and intimacy between the spouses,
and increase the mental health level. On the other side, the
relation with children would also be improved. Even though
the “filial piety” culture prevails in China, especially in the
countryside where the parents have to financially depend on their
children in their old age, the old, or even disabled, parents who
have literally no income are a heavy burden on the children (27).
In those occasions, where the relation between the old parents
and children is put under duress, when conflicts inside the
family arise and the parent-children relation becomes strained or
broken, the lives for the old parents are tough. Pension income
not only can boost self-esteem for the old parents before their
children, but can also make the old parents capable of providing
more goods or services for their children or grandchildren and
receiving more favor in return. In this way, the old parents’
mental health will be improved. Studies in European countries
also find that the welfare provisions from the government “crowd
in,” instead of “crowd out,” family support (49, 50). In this
article, we create a family relation index by combining the
satisfaction score for marriage and children to investigate the
mediating effect.

The third channel is increased consumption expenditure.
The anxiety or feeling of deprivation would be magnified in
individuals with experiences of unmet needs (51). Pension
income will strengthen the respondents and their family’s
financial capability so that their needs are more likely to be met
(52), thus depressive symptom could be reduced (27, 28).

Following Baron et al. (53), the mediation effects of labor
supply, family relation, and consumption expenditure are
examined one by one. Firstly, a Tobit model is used to regress on
the above variable, and the results are reported in Table 8. Then
these tested variables are added into Equation (1) to check the
effects on depression; the results are reported in Table 9.

It is shown that enrollment in a pension scheme is negatively
associated with labor supply at 10% significance level [see column
(1), Table 8], and this effect is stronger for pensioners than
contributors [see column (4), Table 8], indicating that pension
proceeds indeed help reduce the labor supply for older residents.
Results in Table 9 show that labor supply positively correlated to
CES_D score. Combining the above two stages of regression, we
can see that the mediation effect exists for labor supply.

Regression results tested for family relation as a dependent
variable in column (2). Table 8 indicates that enrollment in
a pension scheme is positively associated with good family
relations, and this effect is significant only for pensioners
[see column (5), Table 8]. Results in Table 9 also support the
mediation effect for family relations.

Similarly, enrollment in a pension scheme (as contributors
and/or pensioners) is identified to promote the respondents’
mental health (lower CES_D score) through higher consumption
in Tables 8, 9.
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TABLE 8 | Identification of mediation variables.

(1) (2) (3) (4) (5) (6)

Labor supply Family relation Consumption

expenditure

Labor supply Family relation Consumption

expenditure

Enrollment in NRSP −0.047* (−1.76) 0.014* −1.79 0.158*** −8.73

State of enrollment Pensioner −0.114*** (−3.33) 0.051*** (−4.79) 0.097*** (−4.11)

Contributor −0.081** (−2.45) −0.002 (−0.17) 0.084*** −3.6

Control variables YES YES YES YES YES YES

Labor supply is obtained by multiplying the number of working months per year, the number of working days per week, and the number of working hours per day in the questionnaire,

logarithm is taken before regression; Family relation is the sum of the respondent’s satisfaction score for marriage and children in the questionnaire, the descriptive statistics is shown

in Table 1; The consumption expenditure is the household’s consumption in one month, logarithm is taken before regression. The control variables include age, gender, marital status,

education, self–reported physical health, family size, average household income, chronic illness, and enrollment in SBMI. ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 9 | Results of the mediating effects.

(1) (2)

Enrollment in NRSP −0.357** (−2.15)

State of enrollment Pensioner −0.377* (−1.85)

Contributor −0.134 (−0.67)

Labor supply 0.124** (2.01) 0.116* (1.89)

Family relation −0.845*** (−3.93) −0.831*** (−3.86)

Consumption expenditure −0.151* (−1.79) −0.144* (−1.70)

Control variables YES YES

The control variables are the same as in Table 8. ***p < 0.01, **p < 0.05, *p < 0.1.

CONCLUSION

This article employs China Health and Retirement Longitudinal
Study (CHARLS) data in 2015 and 2018 to investigate the
effectiveness of pension enrollment on mitigating depressive
symptoms. The Center for Epidemiological Study Depression
Scale (CES_D) was used in the survey to measure the extent
of depressive symptoms. To test the relation between our
interested variables, various econometrics models are used to
achieve cross-validation, and an instrumental variable is adopted
in regression to mitigate the endogeneity problem. Results
show that the enrollment in NRSP, especially for pensioners,
is negatively correlated with level of depressive symptoms.
Enrollment in NRSP may also contribute to lower prevalence
rates of depression. Respondents who are married, with better
physical health, or with higher education are found to have better
mental health, while those enrolled in a social basic medical
insurance program or with chronic illness are found to have
worse depressive symptoms.

When we classify the sample into different groups,
heterogeneity emerges. Enrollment in a pension scheme
is identified to have a significant effect for female rural
residents, rural residents in Central China, and/or of
low-income households.

As a part of a social security net, NRSP is mainly designed to
provide income in old age; mitigation of depressive symptoms
might be just a “by-product,” but it is interesting to find
that this function works well and is socially beneficial.

Further study shows that there are at least three channels
through which enrollment in a pension scheme (especially
as a pensioner rather than contributor) contributes to
better mental health: labor supply, family relations, and
consumption expenditure.

Our results contain abundant policy implications. For
instance, public finance should contribute more to rural pension
funds and increase the standard of pension benefit, which will
not only strengthen the social security net for rural residents,
but reduce the costs associated with depression. The effect
of pension scheme on mitigating middle-aged contributors’
depressive symptoms might be strengthened through relief of
individual burden on paying premiums, so various financial
sources should be channeled to achieve that. Female rural adults
and low-income groups should be subsidized for the premiums
to increase the take-up rate of pension schemes, so that the
depressive symptoms or prevalence rate of depression for the
disadvantaged will be reduced.
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APPENDIX

Table A1 | CES-D questions (in English and Mandarin).

Questionnaire code Question in English Question in mandarin

DC009 I was bothered by things that don’t usually bother me. 我因一些小事而烦恼

DC010 I had trouble keeping my mind on what I was doing. 我在做事时很难集中精力

DC011 I felt depressed. 我感到情绪低落

DC012 I felt everything I did was an effort. 我觉得做任何事都很费劲

DC013 I felt hopeful about the future. 我对未来充满希望

DC014 I felt fearful. 我感到害怕

DC015 My sleep was restless. 我的睡眠不好

DC016 I was happy. 我很愉快

DC017 I felt lonely. 我感到孤独

DC018 I could not get “going.” 我觉得我无法继续我的生活
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Since the reform and opening up of China, the economy has continued to grow, and

diverse needs have generated different types and periods of economic activities. This

has caused people to have an unhealthy diet, lack of exercise, irregular work and

rest, lack of sleep, mental stress, high psychological pressure, long-term bad moods,

and other health problems. The proportion of the sub-healthy population continues

to increase and health problems are becoming increasingly prominent. Based on this,

we examine the internal mechanism of the economic cycle on national health since

the reform and opening up of China. For a long time, China has actively responded

to the UN’s call for environmental protection and proposed that “clear waters and

lush mountains are invaluable assets.” Therefore, this study combines air quality in the

process of environmental governance in China to investigate national health. Data from

22 provinces, five autonomous regions, and four municipalities from 2004 to 2017 are

selected as research samples to examine the relationship between economic cycles, air

quality, and national health for empirical testing. Studies have shown that the economic

cycle is significantly correlated with national health. The better the macroeconomy,

the better the health of the human body; that is, the lower the unemployment rate,

the lower the mortality rate. After introducing air quality, it was found to have a

significant regulating effect on the relationship between the economic cycle and national

health. Our conclusions reveal that economic development is closely related to national

health. China should attach great significance to the environment and air quality in the

process of economic development to achieve sustainable development and create a

green economy.

Keywords: business cycle, air quality, national health, reform and opening up, China

INTRODUCTION

The outbreak and rapid spread of the global financial crisis in 2008 led to economic shocks
and substantial recessions in many countries. For example, from 2008 to the beginning
of 2014, Spain’s GDP (Gross national product) and net disposable income fell by 8.1 and
9.2%, respectively (1). China’s economy also shrank from a rapid growth rate of 14.16%
in 2007 to a shocking 9.63% in 2008, which made a huge impact on its economy and
caused operating difficulties for many companies. Under the turmoil of the financial crisis,
the gap between the rich and the poor widened, and the unemployment rate remained high,
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leading to a further increase in income inequality and wealth
gap. In addition to the economic and social losses caused by the
economic recession, people have raised concerns about potential
factors that threaten health. According to the World Health
Organization (WHO) official data (2), in recent decades, the
mortality rate from infectious diseases in China has decreased
significantly (from 10 to 4%), while that caused by chronic non-
communicable diseases has increased (from 79 to 89%, similar to
developed countries like the United Kingdom and New Zealand).
Cardiovascular diseases accounted for 43% of deaths, followed
by cancer with 23%, chronic respiratory diseases with 9%, and
diabetes with 2%. This demonstrates that China’s health problems
are still more prominent and worthy of attention.

Health is considered to be one of the important factors
of human capital. It is the root of national well-being and
a continuous driving force for economic development. It is
undeniable that the economy is an important factor affecting
health. For example, when the economy is in recession and
depression, incomes decrease, consumers’ purchasing power
is low, and people’s material and cultural needs cannot be
guaranteed. For example, high wage arrears in Russia due to
low oil prices may hinder healthy development (3). At the
same time, labor demand declines, unemployment rate increases,
the competition pressure is high, and health problems become
imminent. For example, as early as 1979, Brenner (4) proposed
that when the economy was in recession, unemployment caused
a lack of economic security, the collapse of society and families,
development of habits that are harmful to health, and even
serious health problems. A recession is marked by rising
unemployment and falling gross domestic product. Durkheim
(5) argued that unemployment would lead to a lack of social
integration among citizens, which will lead to an increase in
the suicide rate. During economic expansion, the suicide rate
decreases. National health status has improved significantly,
and the public health response is an important part of suicide
prevention during economic downturn (6).

However, a series of recent research results (7) indicate that
health conditions may not necessarily deteriorate during an
economic recession, and the mortality rate may decline during
this period; that is, there is a “death procyclical phenomenon.”
This concept contends that due to increased leisure time and the
decrease in income, individual behavior will become healthier.
However, recent research and analysis provide mixed evidence,
and the relationship between the two is still ambiguous.

There may be an important influencing factor between
the economic cycle and national health, that is, air quality.
On the one hand, the WHO highlighted that environmental
pollution could explain more than 30% of health fluctuations.
In China, chronic respiratory diseases have accounted for 9%
of the national mortality rate recently. Air quality is becoming
increasingly important for population health. On the other
hand, air pollution may be highly correlated with fluctuations in
the economic cycle. In different economic cycle stages, energy
consumption and pollutant emissions change dramatically. In
the past, China used extensive economic methods with high
investment, high energy consumption, and high emissions,
causing a significant burden to the environment and air in the

process of economic development. In recent years, China has
transformed and promoted the transformation of its economic
system and growth mode. The focus of the Chinese economy
has shifted from “high-speed development” to “high-quality
development” and the development of a green economy. At
present, there is a large body of research on this aspect. Therefore,
we believe that air quality is an important factor affecting the
relationship between economic and national health.

In addition, with the prosperity of Bitcoin and blockchain
technology, it has promoted the acceleration of the fourth
industrial revolution in the financial sector (8), and introduced
robo-advisors to replace traditional funds (9). The development
of oil and gas is different from the past, especially under economic
globalization. The economic development of various countries
is also affected by other countries’ economies. For example,
Venezuela’s oil price (OP), which has geopolitical risks, will affect
inflation (INF) (10). Scholars have found that in the private
investment of the seven emerging economies (E7), the increasing
inflow of remittances will cause the Dutch disease, but the
improvement of the quality of institutions and the combined
effects of the inflow of remittances into private investment will
also make the Dutch disease disappeared (11). The uncertainty of
economic policies in the BRICS countries will also be impacted
by crude oil prices (12). Therefore, in this context of economic
globalization, based on this, this article will take China’s economic
development from 2004 to 2017 as the background and select
Panel data from China’s 22 provinces, 5 autonomous regions,
and 4 municipalities directly under the Central Government are
used as research samples to discuss the relationship between the
economic cycle and national health from an empirical perspective
rather than an empirical point of view. Air quality is used
as a moderating variable to conduct in-depth research on the
relationship between the economic cycle and the national health.
The impact of national health, and provide suggestions for China
to further develop a green economy.

LITERATURE REVIEW AND RESEARCH
HYPOTHESIS

In academia, opinions on the relationship between the business
cycle and human health differ, and the definition of the
relationship between the two is unclear.

Some researchers argue that countries with higher levels of
economic development tend to have higher levels of education,
better health systems, and individuals who can afford better
health-related products, all of which may improve health of the
population. For example, in their influential research, Pritchett
and Summers (13) suggest that “the richer, the healthier.”

The cyclicality of population health has changed with the
inclusion of the latest data. Tapia Granados and Ionides (14)
demonstrated that the positive relationship between economic
growth and population health in Sweden in the nineteenth
century gradually weakened over time and was completely
reversed by the end of the twentieth century. At that time,
economic growth had a harmed impact on population health
progress. Using data from England andWales from 1840 to 2000,
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Tapia Granados (15) found a negative correlation between the
growth rate of GDP and the annual growth rate of life expectancy
at birth.

The impact of economic recession on health is also different.
Ruhm (16) found that economic recession can improve health
and reduce mortality. Some literature studies draw vague
conclusions (17), including procyclical (7) and countercyclical
deaths (18). For example, Lam and Piérard (19) found that the
relationship between total mortality, cardiovascular mortality,
and the economy became less procyclical over time and even
countercyclical in recent periods in certain age groups. Deaths
caused by motor vehicle accidents are cyclical.

Brenner (4) proposed that an economic recession would lead
to an increase in mortality and received significant support
(20–22). For example, the trend of heart disease mortality in
Australia is assessed as being related to the business cycle (23).
Gerdtham (24) found that during the Swedish recession, the
mortality rate of men (but not women) increased significantly.
During the economic recession, the development of the medical
and health system was poor, the unemployment rate was high,
and income was low. It was difficult for people to afford
health and medical consumption. In China, as the economy
develops, the unemployment rate decreases, income increases,
national medical insurance is sound, and problems such as
difficulty in seeing a doctor have been effectively solved. With the
development of the economy, people’s health will be better. This
study, therefore, proposes the following hypothesis:

H1: The economic cycle is positively correlated with national
health; that is, the lower the unemployment rate, the lower the
mortality rate.

Since the middle of the last century, a series of problems
caused by environmental pollution have attracted the attention of
scholars (25). The economic development methods of countries
with different income levels have brought different pressures on
the environment (26). Environmental pollution causes national
health problems. As a result, air quality, as a regulating variable
for the economic cycle and national health, has a more obvious
regulation effect. Poor air quality will harm people’s physical
and mental health, reduce life satisfaction, and even lead to
mental illnesses such as schizophrenia and autism (27–29). A
one percentage point increase in inhalable particles (PM10 and
PM2.5) leads to a 0.35 percentage point increase in infant
death rate (30). Mead and Brajer (31) found that the extensive
use of fossil fuels caused cardiovascular and cerebrovascular
diseases and increased the incidence of respiratory diseases.
In the era of modern industrial economy and consumption,
air pollution mainly comes from production and consumption.
When the economy is in recession, production activities and
consumption behaviors shrink to a certain extent. However,
because the Chinese economy is in the development stage,
heavy industry is the main source of air pollution. Pollution
emissions are generally large, and air quality in China is a
serious issue. When the economy recovered and prospered,
China launched a series of green environmental protection
policies, vigorously rectified heavy-polluting industries, and
increased air quality. This study, therefore, proposes the
following hypothesis:

H2: Air quality has a significant regulating effect on the
business cycle, thereby affecting the health of the population.

DATA SOURCE AND RESEARCH DESIGN

Data Sources
The study selected data from 22 provinces, 5 autonomous
regions, and 4 municipalities in China from 2004 to 2017 as the
research samples. This study empirically tests the relationship
between economic cycles, air quality, and national health. The
data were mainly obtained from the China Stock Market &
Accounting Research (CSMAR) database, the National Bureau of
Statistics, and the Wind database.

Variables
National health indicates the national health level of various
provinces in China at different periods. According to the WHO’s
definition of health and based on previous research and common
practices, the mortality rate is adopted as an explained variable
to measure national health (8). Most studies on the relationship
between previous economic cycles and mortality rates use the
unemployment rate as a measure (32). Following convention,
the unemployment rate is used as a variable to measure the
economic cycle. Air quality mainly uses sulfur dioxide emissions
as a regulating variable. According to previous research,
demographic structure, health, and medical conditions, and
income levels affect health levels. In this regard, it is measured by
the child dependency ratio andmedical and health improvement.
Detailed descriptions of the variables are presented
in Table 1.

Model Establishment
This article mainly uses the data of 22 provinces, 5 autonomous
regions and 4 municipalities directly under the China from 2004
to 2017 as the research samples. In order to test the positive
correlation between economic cycle and national health, model
(1) is established:

Mit = α0 + α1Uit + α2Populationit + α3

Urbanizationit + α4hodpitalit + α5childit + εit (1)

To test the influence of air quality on the economic cycle and
national health, the following model is established (2):

Mit = β0 + β1Uit + β2Uit*SO2it + β3Populationit +

β4Urbanizationit + β5hodpitalit + β6childit + εit (2)

Mit is an explained variable, which represents the national
health of China’s i province in year t. This article uses
mortality as an indicator to measure the explained variable.
Uit is an explanatory variable, which represents the economic
cycle of China’s province in year t. This article uses the
unemployment rate to measure the economic cycle. SO2it is a
regulated variable, which represents the air quality of China’s i
province in year t, measured by the emission of sulfur dioxide.
Populationit , Urbanizationit , Hospitalit , Childit are a group of
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control variables, which respectively represent the population,
urbanization, hospitals, and juvenile support rate of i province
in China in year t. These factors are factors that affect the
health of the population. εit represents the random disturbance
term. The specific explanation of the variables is shown
in Table 1.

ANALYSIS OF EMPIRICAL RESULTS

Descriptive Statistics
This study mainly uses the standard deviation, maximum, and
minimum three dimensions to perform descriptive statistics on
variables to reveal the internal laws of the data. Descriptive
statistics are reported in Table 2, which also includes the
mortality rate. The standard deviation is 0.715, and the difference
between the maximum and minimum is 3.19, indicating that
the mortality rate varies greatly in different years and provinces
due to changes in time and space, and the distribution is
concentrated. The unemployment and death rates are roughly
the same. It can be observed that the minimum value of
carbon dioxide emissions is −2.302, and the maximum value
is 5.299. There is a large gap between the two values, with a
standard deviation of 1.314. This indicates that the fluctuates
more than in other countries, such as [include an example].
The large standard deviation of the population and the
number of medical institutions means that the distribution is
not concentrated. The standard deviation of the urbanization
rate is 0.148, which means that the situation in China’s
provinces is different. The population and medical institutions
are unevenly distributed, and the urban distribution is more
concentrated, which also means the development of regions in
China varies.

Correlation Analysis
The correlation test results for all the variables are reported
in Table 3. The results indicate that the largest correlation
coefficient is the juvenile support rate (child) and medical
institutions and urbanization, which is 0.793, which indicates
a (strong OR weak) correlation among the variables in the
model. The correlation relationship does not cause serious
multicollinearity problems. That is, multicollinearity is an
interference factor in the empirical results.

Analysis of Regression Results
It can be seen from Table 4 that in the regression of Model
1, the unemployment rate has a significant positive correlation
with the death rate at the 1% level. This indicates that when the
unemployment rate increases, when the economy is in recession,
the death rate will increase, and there is a significant negative
correlation between the economy and national health; thus,
H1 was verified. Second, the coefficient of the interaction term
between SO2 and the unemployment rate is −0.174, and it is
positively correlated at the 5% level, indicating that SO2, that is,
air quality, has a significant inhibitory and weakening effect on
the relationship between unemployment and mortality, and has
a significant negative regulating effect; H2 is therefore verified.

CONCLUSIONS AND SUGGESTIONS

This article selects data of 22 provinces, 5 autonomous regions,
and 4 municipalities under the China from 2004 to 2017 as the
research sample to explore the impact of the economic cycle on
national health. It mainly uses unemployment and mortality as
measurement indicators, and introduces air quality. SO2 is used
as a measurement indicator to analyze the regulating effect of

TABLE 1 | Variable definition.

Variable type Name Symbol Definition

Explained variable Mortality rate M Deaths per thousand

Explanatory variables Unemployment rate U Total number of unemployed as a percentage of the total labor force

Control variables Population Population Total population

Urbanization rate Urbanization Proportion of urban population in total population (%)

Number of medical and health institutions Hospital Number of medical institutions in each province

Juvenile support rates Child Proportion of population aged 0–14 in total

Moderator Sulfur dioxide SO2 Sulfur dioxide emissions by Province

TABLE 2 | Descriptive statistics.

Variable Obs Mean Std. Dev. Min Max

M 434 5.973 0.715 4.210 7.400

U 434 3.539 0.685 1.200 6.500

Population 434 17.302 0.855 14.831 18.531

Urbanization 434 0.514 0.148 0.207 0.896

Hospital 434 9.646 0.985 7.187 11.307

Child 434 23.915 6.980 9.640 44.650

SO2 434 3.735 1.314 −2.302 5.299
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TABLE 3 | Correlation analysis of each variable.

M U Population Urbanization Hospital Child SO2

M Pearson 1

Sig.

U Pearson 0.246** 1

Sig. 0.000

Population Pearson 0.375** 0.059* 1

Sig. 0.000 0.218

Urbanization Pearson −0.29* −0.304* 0.032 1

Sig. 0.000 0.000 0.508

Hospital Pearson 0.351** −0.113* 0.768** −0.039 1

Sig. 0.000 0.018 0.000 0.419

Child Pearson 0.168** 0.098* −0.146** −0.793** −0.116* 1

Sig. 0.000 0.041 0.002 0.000 0.016

SO2 Pearson 0.265** 0.305** 0.741** −0.046 0.520** −0.09* 1

Sig. 0.000 0.000 0.000 0.338 0.000 0.051

*, **: Significant at the 0.1 and 0.05 level, respectively.

TABLE 4 | Regression analysis.

Variable (1) (2)

U 0.187*** 0.286***

(3.393) (4.431)

Population 0.229*** 0.334***

(3.395) (4.086)

Urbanization −0.207*** −0.217***

(−2.694) (−2.831)

Hospital 0.195*** 0.188***

(2.803) (2.71)

Child 0.040 0.028

(0.547) (0.379)

U*SO2 −0.174**

(−2.252)

**, ***: Significant at the 5 and 1% levels, respectively.

air quality. This article combines the hot spots of air quality
and national health to provide strong theoretical support for the
realization of green economy and circular economy in China.
At the same time, national health is related to economy and
air quality. The combination emphasized the importance of
economy and air quality, pointed out the direction for the next
development of the Chinese government and enterprises, and
provided support for promoting the healthy and sustainable
development of my country’s economy. The specific research
conclusions are as follows:

(1) There is a positive correlation between the unemployment
rate and the mortality rate. The lower the unemployment rate,
the lower the mortality rate. The importance of the economic
cycle to the national health security is obvious, which provides
more suggestions and empirical evidence for the national health
field. When the unemployment rate is lower, the people have

stable jobs and incomes, less competitive pressure, and less
likely to cause health problems. In addition, the increase in
income enables people to have sufficient funds to pay for medical
expenses. The unemployment rate is an important indicator that
reflects the economic development of a region. The lower the
unemployment rate, the better the economic development. Since
China’s reform and opening up, the unemployment rate has been
reduced and the economy has been developing continuously. The
government has established a health system to meet the diverse
medical needs of its citizens, rationally allocatemedical resources,
improvemedical services, and continue to expand the coverage of
medical insurance, in order to support the national health with a
strong economy.

(2) SO2 has a significant negative regulation effect on
unemployment andmortality. The greater the SO2 emissions, the
weaker the promotion of unemployment onmortality, that is, the
worse the air quality, the less the economic cycle’s promotion of
national health.With the progress of industry and human society,
more pollutants are emitted, and new pollutants are generated
in reaction with SO2, causing diseases of human organs, such
as cancer, leading to an increase of death rate, affecting national
health, and weaking the impact of unemployment on mortality.
Based on the research on the relationship between the relatively
mature business cycle and national health in the past, this paper
introduces air quality as a regulating variable to construct a
model.With a view tomore comprehensive and in-depth analysis
of the complex theory of the relationship between the two.
The impact of the business cycle on national health and the
regulation of air quality have been empirically verified, with
higher reliability. This research not only enriches the research in
this area, but also combines the current concerns about air quality
and national health, and conducts research in a new direction.

Based on the above conclusions, this article proposes the
following suggestions:

(1) During the expansion period of economic cyclical
fluctuations, that is, when the unemployment rate is low, it
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is a season of increasingly active macroeconomic and market
environments. The government should actively encourage
employment and entrepreneurship, increase policy support
and encouragement, and promote the further development
of enterprises. Improve the industrial development pattern
during the economic cycle expansion period, further promote
the healthy development of the industrial structure, and
reduce the losses caused by the transformation of the
industrial structure. During the contraction period of
economic cyclical fluctuations, the government must play
a regulatory and protective role to avoid further economic
recession and reduce the unemployment rate. China should
also adhere to and use its economic foundation for a long time,
build a public health system, and improve early warning
and response mechanisms. Especially, after the sudden
outbreak of COVID-19 in 2020, China responded quickly
and controlled and contained the epidemic in a strong and
effective way. Excellent results in time are worth learning from
other countries.

(2) In terms of air quality, the government should increase
investment, attach importance to air governance and clean air
technology research and development, appropriately slow down
the pace of economic development, control economic growth in
an appropriate range, attach importance to the environment and
air quality, and adhere to the strategy of sustainable development.
Promote the development of various fields including circular

economy, low-carbon economy, ecological economy, rational
consumption, etc.
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China’s economy has achieved rapid growth, but the change has also brought about

serious environmental degradation, which is the main factor endangering human health.

This study empirically investigates the impact of the population health environmental

index on the promotion of provincial governors using an ordered probit model. The

sample of the study consists of regions where provincial governors, municipal mayors,

and autonomous region chairmen were stationed from 1995 to 2015. The results show

that the population health environmental index had a significant and positive impact on

governors’ promotions, especially in the eastern region. The reformation of the population

health environmental index assessment system for government officials was the initial

factor that brought about these effects.

Keywords: population health environmental index, economic growth, promotion of government officials,

environmental degradation, Chinese economy

INTRODUCTION

China’s economy has experienced rapid growth for almost four decades. Between 1979 and 2017,
China’s GDP grew at an average annual rate of 9.60%, and its per capita gross domestic product
(GDP) grew at an average annual rate of 8.50%. The onset of the “Chinese Miracle” led to
an expansion in China’s total economic output, making it one of the fastest growing countries
worldwide. The main factors and driving forces behind China’s rapid economic growth are the
government’s push for maximum participation, encouragement, and control of the market and
its emphasis on the promotion of a market economy. However, it is undeniable that because of
economic growth, an increase in population health environmental pollution has become a serious
threat. Statistics show that between 2004 and 2013, the cost of population health environmental
degradation increased from 511.83 billion yuan to 2054.79 billion yuan, accounting for 3.3% of
the total regional GDP. The cost of virtual management has also risen from 287.44 billion yuan to
697.33 billion yuan, an increase of 142.6%, because of the rising population health environmental
costs of economic development. At the same time, the health problems caused by environmental
pollution are gradually emerging. The UN Global Environmental Outlook report states that one-
quarter of the global pre-mature deaths and major diseases are caused by man-made pollution
and environmental damage. Population health environmental risk factors, especially air and water
pollution, are also important reasons for the high incidence of tumors in China.
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Some scholars have sought rational explanations behind
the factors leading to the promotion of government officials.
China has long used GDP growth as the main basis for these
promotions. The political market in which these officials operate
has a strong lock-in effect, which makes it difficult for them
to find other job opportunities once they leave the political
job market. While facing a dilemma between surrendering
their rights and retaining them, government officials are forced
to take actions that stimulate economic growth in their
jurisdictions to gain promotion opportunities. China’s current
system of administrative decentralization gives local officials
strong influence and control over local economic development.
Local governments have free rein over important resources such
as administrative approval, land acquisition, loan guarantees, and
various preferential policies. To gain promotion opportunities,
local governments will use the resources they have at their
disposal for economic development and invest more in heavy
industries. The local government will take the initiative to lower
population health environmental protection thresholds and
environmental regulations so that they can provide protection to
sewage enterprises and attract foreign investments in the future.
This has led to a series of population health environmental
problems, such as wasting resources, air pollution, and soil
degradation, and greatly endangers people’s health.

In light of the increasingly serious problem of population
health environmental pollution, the “Decision of the State
Council on Implementing Scientific Viewpoint of Development
and Strengthening Environmental Protection” in December 2005
explicitly included population health environmental protection
in the assessment system of leadership teams and leading cadres.
It also made the assessment a basis for the selection and
appointment of leaders, as well as a basis for their rewards
and punishments. In May 2007, the State Council circulated
the “Notice on Issuing the Comprehensive Working Schemes
on Energy Conservation and Emission Reduction.” It states that
achieving energy conservation and emission reduction targets
should be an aim in the comprehensive assessment system of
local economic and social developments. These should also
be included as key elements in the comprehensive assessment
and evaluation of government-led cadres. Furthermore, the
notice included the implementation of a “one-vote veto”
system. The new “Environmental Protection Law of the People’s
Republic of China,” which came into effect in 2015, also
emphasizes the need to use the achievement of population health
environmental protection goals as an important basis for the
assessment and evaluation of local government officials. The
18th National Congress of the Chinese Communist Party made
the construction of an ecological civilization one of the focal
points of China’s modernization. It emphasized the inclusion of
resource consumption, population health environmental damage
and ecological benefits in the national economic development
assessment system and the establishment of assessment methods
and incentive mechanisms that reflect the requirements of an
ecological civilization.

At present, population health environmental protection has
been given an important position in relation to national
development. To make the population health environmental

index assessment of local officials work, it is necessary to link
the population health environmental index with the selection
and appointment of local officials. Local officials strive to get
promoted, which also serves as a personal development goal for
them. Therefore, linking the population health environmental
index with promotions is the key to providing population health
environmental incentives for government officials by realizing
sustainable development goals.

This paper, on the basis of theoretical analysis, examines the
regions of the provinces from 1995 to 2015 and studies whether
such influences differ between different provinces. Our empirical
results show that ecological and population health environmental
indices have been integrated into the assessment and competition
system for governors and that the improved population health
environmental index has had a significant positive effect on the
promotion of governors. Moreover, the positive effects of this
improved population health environmental index on governor
promotion are more pronounced in the eastern region than in
the western region.

The contribution of this study lies in the fact that the
existing literature only analyzes the impact of population health
environmental protection on the promotion of officials in terms
of the degree of population health environmental pollution
investment in the population health environment. This study
combines the two indicators and constructs a comprehensive
index that uses data envelopment analysis to characterize the
population health environmental index in each province, which
deepens the understanding of the promotion assessment system
of officials from an empirical aspect.

The structure of the study is as follows: the second part is
the theoretical analysis; the third part is the construction of the
model, data sources, and descriptive statistics of the variables; the
fourth part is the analysis of empirical results; and the last part is
the conclusion of the study.

LITERATURE REVIEW

Promotion of Officials and Economic
Growth
Although China’s economy has experienced rapid growth, certain
growth conditions emphasized by economic growth theory, such
as natural resource endowment, physical and human capital
accumulation, and technological innovation capacity, are not
unique to China compared to other countries. Some scholars
(1–3) have explained the reasons for China’s economic growth
from the perspective of the government system. They noted
that administrative decentralization and fiscal decentralization
reforms, which consist of financial responsibility, motivate local
governments to maintain market order and promote local
economic growth (1–3).

Easterly (4) stated that growth required the “appropriate
incentive” because people respond to it, and any factor
that affects that incentive will have an impact on economic
growth. Zhou (5) believed that conducting “competition for
promotion”-based GDP growth for local officials was one of
the most important means to explain government incentives
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and economic growth. China’s M-shaped economic structure
allows for a considerable degree of comparability of the economic
performance across provinces and regions. Competition among
local officials to maintain their positions becomes a norm with
the presence of centralized personnel administration power at
the central and higher levels of the government. Li and Zhou
(6) studied data on Chinese provincial officials from 1979 to
1995 and concluded that there exists a correlation between
economic growth and the probability of provincial officials
being promoted during their tenure. They extended the data
sample to the period of 1979–2002 and verified the central
government’s adoption of a related performance assessment
system that was focused on the economic performance of
provincial officials (6, 7). Similar points were made by Xu
and Wang (8), Feng and Wu (9), and Wu and Chen (10),
among others.

However, some scholars have called into question the logic
behind the theory of “competition for promotion.” Tao Ran
et al. (11) conducted an empirical re-evaluation of the panel data
of Chinese provincial officials from 1979 to 2002. They found
that there was no official assessment system that directly links
economic growth with political selection. Moreover, they pointed
out that under everchanging central-regional and government-
enterprise relationships, the incentives of local governments to
maximize fiscal revenue explain the economic growth in China’s
transformation process (11).

Opper and Brehm (12) were the first to explain government
officials’ promotions from the perspective of political network
strength. They constructed a “network relationship index”
based on the interrelation of the three aspects of hometown
(born in the same province), school (graduated from the same
school), and colleague (worked in the same administration),
which represented the strength of the relationship between
provincial officials and the Politburo Standing Committee. The
researchers found a positive correlation between the index and
the probability of government officials receiving a promotion
when examining the data from 1987 to 2005 (12). The empirical
analysis of Shin et al. (13) also shows that factional ties to senior
leaders are the key to determining promotions.

Although the academic community has not reached a
consensus on whether economic performance affects the
promotion of government officials, the display of political
achievements plays an important role in their political
goals, mainly to protect their current positions and receive
promotions in the future. These goals require a certain level of
economic performance.

Promotion of Officials and the Population
Health Environment
During China’s period of miraculous growth, local officials played
an important role in promoting economic reform, strengthening
regional cooperation, building infrastructure, developing the
private economy, and attracting investment. Although the central
government’s assessment of local officials has shifted from a
political performance-based approach to an economic approach
to keep them motivated during their tenure, it has also brought

about a series of negative effects, such as overlapping projects and
cross-regional pollution.

The “Interim Provisions on Tenure of Leading Party and
Government Cadres” emphasize that the provincial governor’s
term of office is 5 years. To make their performance noticeable
in the short term, they tend to choose projects with highly visible
results. In contrast, projects such as environmental protection,
which are long-term and difficult to measure, are marginalized
(14, 15). In addition, officials compete with each other to gain
economic growth in their jurisdictions. For example, to attract
foreign capital, local governments adopt tax incentives (16) and
policies to protect businesses, even though these policies may
come at the expense of the environment (17). Officials at all
levels are more likely to invest in infrastructure to increase local
GDP, but such investments tend to harm the environment and
health; the greater the infrastructure investment is, the worse the
environmental quality (18–20).

In recent years, the central government has recognized the
importance and necessity of population health environmental
protection and has explicitly combined the population health
environmental index with the assessment system for officials.
Some scholars have studied whether this incentive works.
Kahn (21) found that since the Eleventh 5-year Plan (2006–
2010) emphasized linking promotion opportunities for officials
to water pollution, there has been a significant decrease
in chemical oxygen demand emissions and an improvement
in water pollution levels. Liang (22) studied data from 31
provinces in China from 2001 to 2010 and found that the
inclusion of environmental pollution in officials’ performance
assessments resulted in a significant reduction in air pollutant
emissions. In addition, Wu et al. (19) noted that mayors’ and
municipal party secretaries’ probability of receiving a promotion
was negatively correlated with their investments in improving
the environment. Through empirical studies, Sun et al. (23)
found that improvements in environmental quality and energy
efficiency have had a positive effect on the promotion of mayors.
These results indicate that the reformation of the performance
assessment system for local officials has had a positive effect.
Changing the impetus for promoting officials prompted them
to strengthen the economic development of their jurisdictions,
which is conducive to achieving green development.We consider
the following hypothesis in this context:

Hypothesis 1: The population health environmental index
within an official’s jurisdiction during their tenure is positively
correlated with their promotion.

China is a vast country, with major differences between
the eastern and western regions of the country in terms of
their geographical location, natural resources, and talent pool.
Since the Chinese economic reform, China’s economy has seen
rapid development in the eastern regions and underdevelopment
in the western regions. The more underdeveloped a region
is, the more economic development is prioritized there, and
thus the promotion of officials becomes more dependent on
economic growth. It is difficult to consider the population
health environmental index due to the limited resources
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available in these regions. In contrast, in the more economically
developed regions, the promotion of officials is less dependent on
economic performance but rather on more stringent regulation
of the population health environment. This study examines the
differences in the impact of the population health environmental
index on the promotion of government officials in different
regions based on the regional classification criteria issued by
the National Bureau of Statistics. We consider the following
hypothesis in this context:

Hypothesis 2: The difference in the regional population health
environmental index has a significant positive correlation with
the promotion of officials.

In November 2005, the central government issued the
“Decision on Implementing the Scientific Outlook on
Development and Strengthening Environmental Protection,”
which made it clear that population health environmental
protection is an important indicator in the promotion
assessment of government officials. To investigate whether
this policy works, this study analyzes the impact of the
population health environmental index on the promotion
of government officials. In this context, consider the
following hypothesis:

Hypothesis 3: The inclusion of the population health
environmental index in local assessment indicators will
significantly affect the promotion of government officials.

RESEARCHMODELS AND DATA SOURCES

Model Specifications
Consider the following ordered probit model:

Promotionit = β0 + β1∗PHEIit + β2∗gdpit−1 + β3∗xit + εit (1)

The model uses a panel data structure, with the annual province
sample as the unit of analysis. The subscripts and represent
province and year, respectively. The dependent variable is a
ternary variable representing the promotion of provincial officials
during their tenure,=2 represents a promotion,=1 represents no
change, and =0 represents a demotion or other circumstances.
The explanatory variable represents the population health
environmental index of government officials during their tenure,
gdp represents the average annual growth rate of GDP, is the set
of control variables, and is the random error term.

Research Sample and Data Sources
The variables used in this study were gathered from the
population health environmental index, economic growth
performance, and personal characteristics of government officials
in 30 provinces, autonomous regions, and municipalities directly
under the central government (excluding the Tibet Autonomous
Region due to data unavailability) from 1995 to 2016. Governors,
regional presidents, and mayors of municipalities (hereinafter
collectively referred to as governors) were included in the sample.

Figure 1 represents the average environmental health index
of each province in china during the period of 1996 to
2015. The population health environmental index data were

obtained from the “China Statistical Yearbook,” provincial
statistical yearbooks, “China Environmental Yearbook,” and
“China Statistical Yearbook on Environment” issued by the
Ministry of Ecology and Environment of China. Some of the
missing data from the yearbooks were supplemented by the
“Annual Report on Environmental Quality Conditions” from
each province.

The economic data for the period of 1995 to 2004
were derived from the “1952-2004: Data of Gross
Domestic Product of China,” adjusted by the National
Bureau of Statistics according to the national economic
census. The GDP data were taken from the “China
Statistical Yearbook.”

Personal data such as the age, tenure, and educational
background of local officials were gathered from their official
biographies on Xinhuanet and People’s Daily Online and search
engines such as Baidu.

Variables
Variables for Promoting Government Officials
Zhou (5), Wang and Xu (24), and Tao et al. (11) delineated the
destinations of provincial governors as follows. (1) Transfer to
the Central Government, that is, appointed as a national leader
or to a regular position, such as Premier, Vice-Premier, member
of the Politburo Standing Committee, Secretary of the Central
Secretariat, Chairman/Vice Chairperson of the Chinese People’s
Political Consultative Conference, Chairman/Vice Chairperson
of the National People’s Congress, Head of the United Front
Work Department, Minister responsible for the National
Development and Reform Commission, and other positions in
a central ministry or department. (2) Promotion to another
province, that is, to become the secretary of that province. (3)
Promotion in their current province, that is, to become the
secretary of their current province. (4) A lateral transfer, that
is, a promotion to another province, serving as the governor of
their current province, or promotion to a deputy post in a central
ministry. (5) Retirement to second-tier positions, that is, no
longer holding substantive party or political positions, but only
deputy positions in bodies such as the National People’s Congress
or the Chinese People’s Political Consultative Conference, among
other positions. (6) Demotion, that is, to serve as the chairman
of the Chinese People’s Political Consultative Conference of
either their current or another province, or to serve as the
chairman of the Standing Committee of the National People’s
Congress, among other positions. (7) Incumbent, that is, the
official will still be in office at the end of 2015. (8) Others, which
include samples of disciplinary violations, deaths, or unknown
whereabouts of individuals. A transfer to the central government
or a promotion to the post of secretary of the current or another
province is considered a promotion and has a value of 2. A
lateral promotion has a value of 1, and other cases have a value
of 0.

Population Health Environmental Index
In this study, data envelopment analysis (DEA) was employed
to measure the population health environmental level of
officials from various provinces during their tenure. DEA
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FIGURE 1 | Average environmental health index of each province from 1996 to 2015.

is a non-parametric estimation method created by Charnes
and Cooper in the 1970s. It is widely used in the field
of performance measurement and has gained significant
popularity in its application for measuring population health
environmental indices in recent years (25, 26). The DEA
model has many advantages. Assumptions regarding the
production function are not required. It only has to measure
the linear programming based on the corresponding input
output data to obtain performance levels. At the same time,
it can compare the efficiency changes of different decision-
making units in different periods. The DEA-Malmquist
index used in this paper is an improvement on the existing
static DEA. It can compare the efficiency of different
decision-making units in the same period, compare the
efficiency changes of the same unit in different periods,
and analyze the overall efficiency to determine the cause of
efficiency changes.

For the purpose of conducting performance measurements,
each province and district is considered a decision-making unit.
The Malmquist index of the population health environmental
index by region computed as an output-oriented calculation
for each province and district as a decision unit from

period t to t+1, assuming constant returns to scale, is
as follows:

M0(x
t , xt+1, yt , yt+1) =

[

Dt
0(x

t+1, yt+1)

Dt
0(x

t , yt)
∗
Dt+1
0 (xt+1, yt+1)

Dt+1
0 (xt , yt)

]1/2

(2)

In Formula (2), t and t+1 represent two adjacent years. ( x t , y t)
and ( x t +1, y t +1) denote the investment and production input
output vectors in year t + 1. D t

0 and D t +1
0 denote the distance

function based on the technology in year t for both years. When
>1, the overall efficiency of the population health environmental
index in the region improves, while the opposite is true when
<1. At the same time, the Malmquist index can be further
broken down into technical efficiency (TE) and technological
change (TC):

M0(x
t , xt+1, yt , yt+1) =

Dt+1
0 (xt+1, yt+1)

Dt
0(x

t , yt)

∗

[

Dt
0(x

t+1, yt+1)

Dt+1
0 (xt , yt)

∗
Dt
0(x
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Dt+1
0 (xt , yt)

]1/2

= TE ∗ TC (3)
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TABLE 1 | Description of variables.

Variable name Variable code Variable definition

Change of position Promotion Changes in official positions, a value of 2 represents promotion; a value of 1 represents no change; a

value of 0 represents demotion or other cases

Environmental health

index

PHEI Based on DEA, a comprehensive index that characterizes and calculates the population health

environmental index in each province

Environment health

index_ Policy indicators

PHEII_policy The interaction term between population health environmental index and the policy year dummy variable

Average annual GDP

growth rate

Gdp The average annual GDP growth rate during an official’s tenure

Term of office Tenure An official’s time in office

Age Age Difference between the year an official’s position changes and the year of birth

Line at 55 years old Age 55 Dummy variable: takes the value of 1 if the age is ≥55; takes the value of 0 otherwise

Education background Degree Takes the value of 0 for a college degree and below; takes the value of 1 for an undergraduate degree;

takes the value of 2 for a post-graduate degree and above

Respective region West Dummy variable: takes the value of 1 for western province; takes the value of 0 otherwise

Policy effects Policy Dummy variable: takes the value of 0 from 1995 to 2005; takes the value of 1 from 2006 to 2015

In Formula (3), TE examines the change in the efficiency of the
region from t to t+1 relative to the production possibility frontier,
and TC reflects the change in the average technological level in all
the regions during the period of change. Similarly, a TE or TC>1
indicates a technology efficiency improvement, and the opposite
is true when it is <1.

In this study, the amount of investment in population
health environmental pollution control and the total number
of personnel in the population health environmental protection
system at the end of the year are considered as the input
after taking into account the number of funds and the human
resources invested in the population health environmental
index. Industrial wastewater emissions, industrial sulfur dioxide
emissions, and industrial smoke or dust emissions are regarded
as the outputs.

Economic Growth Performance
All data on GDP in this study have had the effects of inflation
stripped away, and the average GDP growth rate during an
official’s tenure was used as the measure of a region’s economic
growth performance. The study also uses the lagged values of
these variables as the explanatory variables, thus avoiding any
possible endogeneity problems.

The formula for calculating the annual average GDP growth
rate is as follows:

gT =
1

T

∑T

t=1
gt (4)

where T represents tenure, t represents year and t (t = 1,2......
T), represents the GDP growth rate for year t, and represents the
average annual GDP growth rate during the official’s tenure.

Personal Characteristics of Officials
The personal characteristics of local officials include age, tenure,
and educational background.

The classification criteria of Wang et al. (27) have been taken
into consideration when determining a government official’s
tenure. If the official takes office between January and June, the

same year shall be deemed to be the starting year of the tenure;
if the official takes office between July and December, then the
following year shall be deemed the starting year of the tenure.
This means that if an official resigns between January and June,
then the year before the resignation is recorded as the last year of
the term; if the official resigns between July and December, then
the same year is recorded as the last year of the term.

Age (age) is the difference between the year an official’s
position changes and the year of birth. In 1980, Comrade
Deng Xiaoping abolished the lifelong tenure of leading cadres
and implemented mandatory retirement, proposing that cadres
should be younger, more knowledgeable, and more professional.
As such, cadres appointed to party and government positions
tend to be younger than those before. Therefore, the probability
of an official receiving a promotion decreases if the age exceeds
a certain threshold. In light of this proposition, the study sets a
dummy variable to check whether the age is over 55 years (age
55). The value is 1 if the age is≥55 and 0 otherwise. For the details
of variables, please refer to Table 1.

Descriptive Statistics
Table 2 shows the descriptive statistics of the variables that
were considered in the analysis. A maximum population health
environmental index score of 4.36 and a minimum of 0.031
indicate significant regional differences in the population health
environmental index. Economic growth performance also varies
considerably across regions. The highest average annual GDP
growth rate is 18.92%, while the lowest is only 4.4%. In terms of
tenure and age of governors, the average term of office is 5.09
years, with a maximum term of 12 years and a minimum term
of only 1 year concentrated between November 2002 and March
2003. Since the 16th National Congress of the Communist Party
of China was held in November 2002, there has been a massive
reshuffling of leadership at the provincial level. The average age
of provincial governors is 59.80 years, ranging from 46 to 66
years, with the majority over 55 years of age. The average value of
educational background is 1.39, which indicates that most leaders
hold a University degree or a higher degree.
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TABLE 2 | Descriptive statistics of the variables.

Variables Obs Mean Std. Dev Min Max

Promotion 626 1.230 0.909 0 2

PHEI 599 0.982 0.402 0.031 4.358

Gdp 601 11.228 2.070 4.400 18.915

Age 630 59.803 4.013 46 66

Age 55 630 0.892 0.311 0 1

Tenure 630 5.087 2.051 1 12

Degree 630 1.394 0.613 0 2

East 630 0.367 0.482 0 1

West 630 0.367 0.482 0 1

Policy 630 0.524 0.500 0 1

Correlation Analysis
The results of the Pearson correlation coefficient test among
the values in this study are shown in Table 3. The correlation
coefficient between the population health environmental index
and the promotion of governors is 0.067, which is significant
at the 10% level. Preliminary verification confirms Hypothesis
1, that is, the population health environmental index has a
positive impact on governor promotion; the better the population
health environmental index is, the greater the probability that the
governor will be promoted. The relationship between economic
growth performance and governor promotion is found to be
insignificant, whereas literature from other sources confirms the
opposite, and thus further research and analysis are required
in this case. The control variables, the governor’s age dummy
variable, and tenure, are shown to be negatively correlated
with promotion.

ANALYSIS OF EMPIRICAL RESULTS

Base Results
Table 4 shows the regression results of the ordered probit model
given in equation (1), showing the probabilities of a governor’s
promotion. In column (1), only the average GDP growth
rate during the governor’s tenure and the governor’s personal
characteristics have been added. The average GDP growth rate
has a significant impact on a governor’s promotion at the 1% level
of significance; that is, the probability of a governor’s promotion
increases by 2.8% for a unit increase in GDP. This indicates that
economic performance still plays an important role in officials’
promotion. Generally, age has a significant negative effect on the
probability of a governor receiving a promotion; that is, the older
the governor gets, the less likely his chance of being promoted.
However, with each additional increase after 55 years of age, the
probability of a promotion increases by 53%, and the probability
of a demotion is reduced by 50%, indicating that the probability
of being promoted at the age of 55 is still high. Tenure also has a
significantly negative effect on the promotion of governors. With
a unit increase in tenure, the probability of getting a promotion
decreases by 2.8%, suggesting that longer tenure is not a good
sign and may reflect a lack of abilities. The impact of educational

background on promotion is positively correlated at the 5% level
of significance.

Column (2) adds indicators that characterize the population
health environmental index of governors. The average annual
GDP growth rate and individual characteristics continue
to be highly significant. The governor’s population health
environmental index during his tenure is positively correlated
with his promotion at the 10% level of significance. For every
increase in the population health environmental index by 1 unit,
the probability of his receiving a promotion increases by 6.1%.
This shows that the policy of incorporating the population health
environmental index in the promotion assessment of officials has
worked. Hence, Hypothesis 1 is accepted.

Comparison of Different Regions
Considering the vast differences in the level of economic
development and the degree of population health environmental
pollution among the different regions of China, this study
examines the influence of regional heterogeneity on the
population health environmental index and the promotion of
officials. Columns (3) and (4) of Table 4 present the regression
results for the eastern and western regions. The results show
that in the eastern region, the population health environmental
index coefficient is significantly positive at the 5% level of
significance; the better the population health environmental
index is, the more it will aid in promoting governors. However,
in the western region, the population health environmental
governance performance coefficient is not significant. To some
extent, this suggests that the positive effect of the population
health environmental index on the probability of the governor
receiving a promotion is more significant in the eastern region
than in the western region. This is related to the difference
in economic development between the regions. The eastern
region is able to invest a part of its economic output to protect
the environment due to its relatively high level of economic
development, whereas promoting economic development is still
the primary goal for the western region.

Investigating Policy Effects in Stages
We observe the policy effects of the “Decision on Implementing
the Scientific Outlook on Development and Strengthening
Environmental Protection” issued by the State Council in
December 2005, which explicitly makes population health
environmental protection work an important indicator in
the assessment of officials for promotions. The results of
the interaction of the dummy variables of the population
health environmental index and policy year represented by
the interaction dummy variable PHEI_policy is shown in
column (5) of Table 4. The coefficient on the population health
environmental index (PHEI) is 0.399, which is significant at the
10% level of significance, and the coefficient of the interaction
term PHEI_policy, which denotes the interaction between the
population health environmental index (PHEI) and policy effect
(policy), is −0.222 and is insignificant. Before the policy was
issued in 2005, the population health environmental index
already had a significant impact on the promotion of governors.
After the promulgation of the policy, the positive impact of the
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TABLE 3 | Pearson correlation coefficient matrix.

Variables Promotion PHEI Gdp Age Age 55 Tenure Degree Policy

Promotion 1.000

PHEI 0.067* 1.000

Gdp −0.001 0.029 1.000

Age −0.467*** −0.014 0.027 1.000

Age 55 −0.081** −0.021 −0.072* 0.676*** 1.000

Tenure −0.327*** 0.024 0.084** 0.411*** 0.170*** 1.000

Degree 0.051 0.008 0.148*** −0.122*** −0.111*** −0.015 1.000

Policy 0.091** 0.001 0.291*** −0.025 0.024 −0.050 0.503*** 1.000

***, **, and * indicate statistical significance at 1, 5, and 10 percent, respectively.

TABLE 4 | Regression results of the ordered Probit model.

Basic result Eastern region Western region Policy effects

(1) (2) (3) (4) (5)

Promotion Promotion Promotion Promotion Promotion

PHEI 0.271* (0.153) 0.909** (0.422) 0.133 (0.204) 0.399* (0.239)

Gdp 0.123*** (0.034) 0.121*** (0.035) 0.232*** (0.075) 0.119** (0.054) 0.120*** (0.035)

Age −0.289*** (0.027) −0.289*** (0.027) −0.362*** (0.052) −0.343*** (0.045) −0.289*** (0.028)

Age 55 2.354*** (0.308) 2.380*** (0.315) 2.116*** (0.612) 3.265*** (0.489) 2.381*** (0.318)

Tenure −0.123*** (0.041) −0.133*** (0.042) −0.083 (0.077) −0.121* (0.064) −0.134*** (0.042)

Degree 0.239** (0.115) 0.284** (0.119) −0.277 (0.215) −0.072 (0.227) 0.279* (0.144)

PHEI_policy −0.222 (0.312)

Policy 0.228 (0.344)

Cutoff point 1 −14.812*** (1.412) −14.486*** (1.435) −17.939*** (2.595) −17.339*** (2.450) −14.374*** (1.445)

Cutoff point 2 −14.208*** (1.401) −13.891*** (1.423) −17.475*** (2.573) −16.360*** (2.420) −13.778*** (1.434)

Sigma2_u:_cons 1.008*** (0.348) 0.981*** (0.341) 1.576* (0.941) 0.535* (0.298) 0.987*** (0.345)

Obs. 598 583 213 209 583

***, **, and * indicate statistical significance at 1, 5, and 10 percent, respectively.

Figures in parentheses represent standard errors.

population health environmental index on the probability of
promotion of governors was strengthened, but not significantly.
This indicates that the policy of incorporating population health
environmental protection into officials’ performance appraisals
has played an initial role, but further monitoring is still needed.

CONCLUSION

This study examines whether ecological and population health
environmental indices are truly integrated into the assessment
and promotion system of provincial governors by using a panel
data analysis for 30 Chinese provinces (autonomous regions
and municipalities directly under the central government)
between 1995 and 2015. The study also examines the impact
of regional heterogeneity and the enactment of population
health environmental assessment policies on the promotion
of governors. Our empirical results show that ecological and
population health environmental indices have been integrated
into the assessment and competition system for governors and
that the improved population health environmental index has
a significant positive effect on the promotion of governors.

Moreover, the positive effects of this improved population
health environmental index on governor promotion are more
pronounced in the eastern region than in the western region.
Finally, while the “Decision on Implementing the Scientific
Outlook on Development and Strengthening Environmental
Protection” issued in 2005 increased the negative impact that
population health environmental pollution has on provincial
governors, it is still not significant.

It has been well-documented that while the “GDP-only”
performance assessment model allows local officials to promote
economic development in their jurisdictions, it also brings about
a series of population health environmental problems, such
as energy consumption, air pollution, soil degradation and a
high incidence of cancer. To reduce the worsening population
health environmental problems, China issued documents such
as the “Decision on Implementing the Scientific Outlook on
Development and Strengthening Environmental Protection” in
2001, which explicitly included population health environmental
protection in the promotion assessment system for officials.

Although the jurisdiction’s economic growth performance still
plays an important role in the governor’s promotion assessment,
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ecological and population health environmental factors have also
begun to play a vital part in the assessment, indicating that the
policy of reforming the official promotion assessment system has
achieved its intended initial results. Therefore, to build a green
China, it is necessary to further improve the assessment system
for government officials to refine various environmental health
protection assessment indicators and to establish a long-term
system for green promotion.
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This study expands on the impact of local government environmental regulation on

enterprise environmental protection investment. Furthermore, it analyzes the influence

promotion pressure of officials has on the scale of enterprise environmental investment.

The results show that the environmental protection investment of companies in China

is generally insufficient. The attitude of companies toward environmental protection is

passive under the policy regulation. The environmental supervision of the government

is also still at a low level. Both of these observations are far from the intentions of

the government. There is a U-shaped relationship between the pressure of official

promotion and the scale of enterprise environmental protection investment. Only when

the pressure of official promotion exceeds a certain limit can it positively stimulate

enterprises to invest in environmental protection. Environmental regulation also exerts

a threshold effect on the environmental protection investment by enterprises. This

research provides a new way to understand the decision-making behavior of local

officials and the environmental protection responsibility of enterprises. This study provides

recommendations for improving the environment appraisal and government supervision

system in China.

Keywords: environmental regulation, environmental protection investment, green GDP, China, officials’ promotion

pressure

INTRODUCTION

Over the past 40 years of reform and opening up, the economy of China has realized sustainable
growth (1–4), with fiscal decentralization and strong incentive policies as some of the most
important reasons for this growth according to scholars. On the other hand, the behavior of officials
toward promoting competition also connives at the development models of high investment,
high expansion, high emission, and low efficiency at the cost of serious environmental pollution
and ecological destruction (5). Therefore, green transformation is indispensable. As the economic
cell of production, microenterprises are the backbone of the economic growth of China and, at
the same time, its main producer of environmental pollutants. However, due to the externality
of the ecological environment and the imbalance between pollution and protection, enterprises
lack sufficient motivation for environmental treatment. Therefore, the promotion of corporate
environmental governance fundamentally based on the internalization of environmental external
costs through laws, policies, and other regulatory methods is one of the most important ways to
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protect the environment (6, 7). In order to solve the problems
of high energy consumption and high pollution in the process
of urban economic development, China has put forward
the idea of “green development,” “beautiful China,” and
“ecological civilization,” with a strategy constructed for the
latter. Environmental protection performance should be
added to the performance assessment system and influence
the appointment and promotion of officials, for the sake of
alleviating the distortion of incentives the local governments
enacted that, in turn, influenced the environmental governance
behavior of enterprises. But does the inclusion of environmental
achievements really affect the promotion of local officials?
Can these promotion incentives positively improve corporate
environmental behavior? What is the impact of the intensity
of local government environmental regulation on corporate
environmental protection investment? This is of great practical
significance to the promotion and improvement of the
environment-friendly economic development of China. This
paper studies the impact of promotion incentives in official
environmental assessment and environmental regulation
intensity of local governments on the scale of environmental
protection investment by enterprises.

LITERATURE REVIEW AND HYPOTHESES

Environmental Regulation Intensity and
Environmental Protection Investment
The scarcity of environmental resources leads to the
contradiction between economic development and
environmental protection. At the same time, the nature of
public goods and the externality of environmental protection
give rise to the potential imbalance between pollution costs of
enterprises and governance benefits. Therefore, enterprises lack
motivation for environmental governance (8). Environmental
protection and ecological governance should be included in
the scope of government regulation, and internalizing external
costs through laws and policies is one of the most important
ways of promoting environmental governance practices (9). As a
special form of investment, the investment cycle of enterprises
in environmental protection is long, the economic benefit
is small, and the return on investment is low. All of these
characteristics run counter to the goals of pursuing profit
maximization (10). Therefore, the enterprises are reluctant to
invest in environmental protection. Most of their environmental
protection behaviors are passive reactions based on motivations
of compliance or gaining competitive advantages (11). As a
mandatory method of the government, whether environmental
regulation can actually promote increased investment in
environmental protection by enterprises has not reached a
unified conclusion in academic circles.

The pollution paradise hypothesis holds that the mandatory
environmental regulation policies of the government will
force enterprises to increase investment in environmental
protection and protect the environment, thus increasing the
production cost of enterprises and reducing their profits (12).
In order to avoid high-intensity environmental regulation

policies, enterprises then choose to set up factories in areas
with relatively weak regulation intensity. Governments in
different regions have different intensities in environmental
regulation on local enterprises; thus, the higher the intensity
of government environmental regulation is, the more
environmental governance costs enterprises are forced to
bear. In contrast, Porter hypothesis states that appropriate
environmental regulation will stimulate enterprises to increase
investment and technological innovation, break the inherent
mode of production and product structure, and promote
the carrying out of environmental protection investment by
enterprises. Not only can environmental regulation improve
production efficiency, but it can also help enterprises realize
the win-win situation involved in environmental and economic
development (13). However, the factor endowment hypothesis
also points out that environmental investment decisions
by enterprises are made after comparing the costs paid by
them and the benefits brought to them by complying with
environmental regulations (14). When the return brought
by environmental regulation is higher than the cost of
environmental compliance, strict environmental regulation
can promote investment in environmental protection. However,
if the cost of environmental compliance is so high that the
benefits of environmental regulation cannot compensate for the
cost, enterprises will be reluctant to take the initiative to invest
in environmental protection.

Although the above three hypotheses do not reach a
consensus on the relationship between environmental regulation
and corporate environmental investment, they all indicate
that the intensity of government environmental regulation has
an important impact on corporate environmental investment
behavior. Environmental regulation can encourage enterprises
to actively participate in environmental governance and invest
in environmental protection through promotion pressure.
However, excessive regulatory pressure may also lead to negative
behaviors, such as production reduction and factory relocation,
which is not conducive to environmental governance. Therefore,
if enterprises suffer from the external stress of environmental
regulation while lacking internal motivation, the investments
they make in environmental protection are likely to be the
result of tradeoffs between benefits and costs of complying with
environmental regulation (14).

When the environmental regulation intensity of the
government is at a low level, loose environmental regulation
will lead to low enthusiasm for environmental governance
and less environmental expenditure from enterprises (15).
Based on the consideration of maximizing economic benefits,
enterprises prefer to accept the punishment for violation
rather than actively increase their investment in environmental
protection after weighing the advantages and disadvantages of
actively investing in environmental protection and purchasing
environmental protection equipment to meet the pollution
emission standards. On the basis of a low level of environmental
regulation intensity, even if the environmental regulation
intensity increases, these regulations still cannot stimulate the
enterprises to invest in environmental protection. Obviously,
this is passive environmental governance. At this time, the
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environmental regulation intensity of the government has
reached a certain stage where effects on the scale of enterprise
environmental protection investment are diminishing. However,
when environmental regulation reaches a certain intensity,
the attitude enterprises have in response may change. The
elaboration of the environmental control policies and the
great effort to enforce the environmental law from the
government has progressed, the cost of environmental
pollution of enterprises has increased, and the gap between
the environmental taxes and fines paid and the amount
required for environmental investment is has gotten smaller
and smaller. Therefore, enterprises can no longer escape their
own pollution control problems. Enterprises will maintain
a high degree of compliance with environmental policies
and take the initiative to invest in environmental protection
until the pollutant discharge reaches the environmental
protection standard set by the government; no matter if
they do it out of compliance with requirements of legality
or as a means of showing goodwill to the government to
gain competitive advantages. In other words, the intensity
of government environmental regulation has an increasing
effect on the scale of enterprise environmental investment
(16). After reaching the inflection point, strong environmental
control by the government is not only conducive to reducing
pollutant emissions, but it can also stimulate the technological
innovation of polluters, generate industrial competitive
advantages, and even partially or completely compensate for
the environmental costs of enterprises. Therefore, setting
reasonable environmental policy standards and effectively
controlling the intensity of environmental regulation play
an important role in improving the level of environmental
protection investment of enterprises (17). Based on the above
analysis, the correlation between government environmental
regulation and enterprise environmental investment is not a
simple linear relationship, but a curved one. Based on this, this
paper proposes research hypothesis 1:

H1: There is a U-shaped relationship between the intensity
of government environmental regulation and corporate
investment in environmental protection.

Promotion Pressure of Officials and
Environmental Protection Investment
Scholars believe that the contradiction between the rapid
economic growth and resource consumption of China is
closely related to the assessment system of local officials
by the central government. Under the background of the
political centralization and fiscal decentralization of China,
the official promotion incentive of GDP growth is often the
core motivation for local officials to work hard. In order
to obtain political promotions, officials make full use of the
economic and administrative resources under their control
and pursue the rapid economic growth of the areas under
their jurisdiction. This kind of one-dimensional incentive with
GDP growth as the core motivation greatly encourages local
officials to provide special channels for enterprises with high
energy consumption and high pollution. As a result, they ignore

environmental quality, weakening their social responsibility
to fulfill environmental protection (18). But as the calls for
economic growth and environmental protection coordination
development are rising, the Chinese government has gradually
realized the problem with the traditional performance appraisal
system in the view of environmental governance, seeing that
the system distorts the direction of performance rewards.
The government needs to work quickly to establish a new
index system for performance evaluation, which should not
only consider regional GDP growth. The implementation of
environmental laws and regulations, pollution emission intensity,
environmental quality, and public satisfaction must be included
in the official performance assessment system. The one vote veto
system and accountability system should be used to strengthen
constraints on the environmental governance behavior of
officials and guide them in establishing a correct view of their
achievements. We have to change the past development path
that only sacrifices the environment for the sake of economic
growth (19).

Under the constraints of the new performance appraisal index,
local officials have to pay more attention to environmental
governance and investment and implement strict environmental
supervision for the purpose of promotion. This reform, however,
carries potential costs and its effectiveness remains to be
tested. On the one hand, the time lag of the implementation
of environmental protection assessment policy and the long-
term nature of environmental governance have a direct impact
on the promotion and incentive effects on officials, which
then affect the progress of environmental governance in
enterprises. In the early stage of the reform of the assessment
system, the weight of environmental protection assessment
will still be at a relatively low level, which would not
significantly improve the incentive intensity of officials or
effectively guide local officials to distribute equal attention
to economic growth and environmental governance. Thus,
local officials will still put more effort into promoting local
economic growth. In addition, due to the time lag in the
implementation of environmental protection assessment policies
and spillover of environmental quality, the effect of policy
implementation may not be immediate, so the environmental
investment of enterprises may still remain at a low level
in the early stages of improving environmental protection
assessment intensity. On the other hand, compared with
economic performance, which is easy to measure and has
obvious implementation effects, environmental performance
assessments of officials have greater subjectivity and potential
in terms of technical measurement and supervision; thus,
its policy effect may be greatly reduced. Therefore, only
when environmental protection assessment is strict enough
to compete with GDP assessment will the incentive intensity
of the new assessment increase significantly. If successful,
local officials will be more likely to reverse the traditional
development concept, pay attention to environmental protection,
and guide and urge enterprises within their jurisdiction to
actively invest in environmental protection to improve the
regional ecological environment. Therefore, the relationship
between official promotion pressure and enterprise investment
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in environmental protection may not be a simple linear
relationship, but a non-linear U-shaped one. Based on this, this
paper proposes research hypothesis 2:

H2: There is a U-shaped relationship between official
promotion pressure and enterprise investment in
environmental protection.

METHODOLOGY AND MEASUREMENT

Sample and Data Collection
This study selected Shanghai and Shenzhen A-share listed
companies from 2013 to 2017 as samples after eliminating
the companies with missing data, obtaining a panel data
of 355 companies. The data sources for the variables are
as follows: data on the amount of investment in corporate
environmental protection were collected from the Corporate
Social Responsibility Report, Sustainability Report, and
Corporate Environmental Report publicly disclosed by Shanghai
and Shenzhen Stock Exchange; data used to calculate green
GDP growth rate were from the China Statistical Yearbook on
Environment and China Statistical Yearbook; relevant data on
official promotion pressure were from the China City Statistical
Yearbook; the data on control variables were all from the China
Stock Market & Accounting Research (CSMAR) database.

Definition and Measurement
Environmental Protection Investment
This study used the amount of investment in environmental
protection announced by the listed companies to measure
investment in corporate environmental protection. In order to
eliminate the impact of the size of the enterprises, the scale
of investment in corporate environmental protection of the
listed companies was measured by the ratio of the amount
of environmental investment of the listed companies to the
arithmetic average of total assets at the beginning and end of
the year. The study assumed that the larger the ratio, the larger
the scale of investment in corporate environmental protection of
listed companies.

Environmental Regulation (Reg)
This study used the ratio of total investment in pollution
control to total industrial output value for the measurement of
environmental regulation. The reasons were as follows: First, one
of the important manifestations of the intensity of environmental
regulation is whether the investment in pollution control
and environmental protection of enterprises has increased.
Accordingly, it is reasonable to use the amount of investment in
industrial pollution control to measure environmental regulation
intensity. Second, considering the differences between different
enterprises in terms of size and business performance, we used
the ratio of environmental protection investment to the total
output value of enterprises for the elimination of the interference
caused by enterprise size. Thus, this study made two inferences:
the higher the ratio of industrial pollution control investment
to gross industrial product, the stronger the environmental
regulation intensity; the higher the ratio of industrial pollution

control investment to the total industrial output value, the
stronger the environmental regulation intensity.

Promotion Pressure Index of Officials (Ps)
This index applied in this study was used by Qian and Cao (20) to
calculate the promotion pressure index of officials. Therefore, this
study examined the promotion pressure of officials from three
aspects: the green GDP growth rate, unemployment rate, and
fiscal surplus of the province where the companies are located;
which are also the main concerns of local governments. The
resource consumption cost in the formula was measured by
the actual gross industrial output value of each province. The
environmental loss cost wasmeasured by the sum of the pollution
loss value per unit of three wastes multiplied by the emissions of
three wastes in each province. The data comes from the China
Green National Accounting Study Report. For the green GDP
growth rate and fiscal surplus, the value 1 was assigned to indices
greater than the weighted average value of the year; otherwise,
the value was 0. Finally, the three index values were added up to
get the promotion pressure index of officials. Ps could range from
0 to 3; the higher the Ps, the greater the promotion pressure of
officials. Combined with the actual assessment rules of the local
governments, we used the one-period lag of these variables as the
level of promotion pressure of officials receive in t based on the
performance level of officials in t-1.

Control Variables
Referring to previous research, other external factors such
as operating risk, solvency, and business performance were
controlled as they could affect the investment in corporate
environmental protection. This study controlled the financial
leverage (Lev), operating cash flow (Flow), and operating income
(Income) of the enterprise. Through data analysis, we saw
that multicollinearity was not a significant issue between these
control variables.

Regression Model
The following equation describes the basic structural model
of analysis:

EPIit = ωi + γt + α1Regit + α2Reg
2
it + α3Controlit

+
∑

m

λmCompanym +
∑

n

ϕnYearn + εit (1)

EPIit = ωi + γt + β1Psit + β2Ps
2
it + β3Controlit

+
∑

m

λmCompanym +
∑

n

ϕnYearn + εit (2)

Equation (1) represents the relationship between environmental
protection investment and environmental regulation. Equation
(2) represents the relationship between environmental protection
investment and the promotion pressure index of officials. The
control represents financial leverage, operating cash flow, and
operating income of the enterprise, i represents company, t
represents time, ωi represents the fixed effect of company, and
γt represents the fixed effect of time trends.
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TABLE 1 | Descriptive statistics.

Variable Unit Min. Max. Mean SD

EPI % 0.0042 6.7100 0.9400 0.0103

Reg % 0.0002 0.0077 0.0011 0.0012

Ps – 0 3 1.2600 0.8960

Lev % 0.1063 1.3447 0.5096 0.1955

Flow Million −50.5350 265,000 4,276.7852 21,556.5000

Income Million 394.2200 2,018,883 38,925.7108 176,212.2673

All monetary values are in millions of RMB.

RESULTS

Descriptive Statistics
Table 1 presents the descriptive statistics of the variables in
this study. Descriptive statistics showed that the enthusiasm of
Chinese enterprises for investing in environmental protection is
not high and a general underinvestment in environmental
protection. Table 1 indicates that the enforcement of
environmental regulation is still at a low level in China, far
from the level that would encourage companies to take initiative
investments in environmental protection.

In order to investigate the impact of environmental regulation
intensity and the promotion pressure of officials on enterprise
environmental protection investment, the regression results are
shown in Table 2. As shown in Table 2, the coefficient of
Reg is −0.075, and the coefficient of Reg2 is 0.223, which is
significant at the level of 1%. This shows that there is also a non-
linear U-curve relationship between environmental regulation
intensity and environmental protection investment. At the
same time, the coefficient between enterprise environmental
protection investment and Reg is negative, which indicates that,
before the inflection point, the low intensity of environmental
regulation has a negative impact on enterprise environmental
protection investment. Combined with the current situation of
generally insufficient environmental protection investment in
the listed Chinese companies, we can judge that the intensity
of the environmental regulation of the Chinese government
is still on the left side of the inflection point of the U-
curve. When the intensity of environmental regulation is low,
the cost of active environmental protection investment will
likely be higher than the fine and environmental taxes paid
by enterprises. Enterprises prefer to pay fines rather than
invest in environmental protection. At this time, the increase
of the intensity of environmental regulation cannot play a
role in promoting the environmental protection investment
of enterprises. However, when the intensity of environmental
regulation increases beyond the inflection point and enterprises
cannot bear the environmental pollution fines and taxes,
they begin to take the initiative to invest in environmental
protection to promote the pollutant emission standards.With the
increasingly stringent requirements of environmental regulation
on environmental protection standards, enterprises invest more
and more in environmental protection. The empirical results
show that the relationship between environmental regulation

TABLE 2 | Results of regression analysis.

Variables EPI

Reg −0.075

Reg2 0.223***

Ps −0.148

Ps2 0.127**

Lev −0.071 −0.003

Flow −0.099 0.002

Income −0.066 0.001

R2 0.045 0.013

F-values 10.944*** 5.432**

N 355 355

***P < 0.01, **P < 0.05.

and environmental protection investment is U-shaped, with an
obvious interval effect. So, hypothesis 1 is verified.

As shown in Table 2, the coefficient of Ps is −0.148, and
the coefficient of Ps2 is 0.127, which is significant at the
level of 5%. This shows that the relationship between official
promotion pressure and enterprise environmental protection
investment is not a simple linear relationship, but a U-curve
relationship, which verifies the judgment of this paper; that
is, there is an inflection point between official promotion
pressure and enterprise environmental protection investment
behavior. Before the inflection point, GDP assessment still
occupies a larger weight in the official performance assessment,
and the lower environmental assessment weight cannot
significantly improve the incentive intensity for officials. The
attention local officials give to environmental governance
still paves the way to economic growth. At this time, the
promotion pressure of officials has a negative impact on
enterprise environmental protection investment behavior,
and the initiative of enterprises to carry out environmental
protection investment behavior is not strong. After the inflection
point, with the improvement of environmental performance
appraisal standards and the further increase of promotion
pressure of officials, officials are likely to gradually pay more
attention to environmental protection out of the desire for
promotion, which has a positive impact on the scale of
environmental protection investment of enterprises. Hypothesis
2 is verified.

CONCLUSIONS AND DISCUSSION

The conclusions and discussion are as follows: First,
there is a U-shaped relationship between the intensity of
environmental regulation and the scale of environmental
protection investment; so, there is an interval effect. When the
intensity of environmental regulation is low, the supervision
is not strict or the punishment for violation is low. Most
enterprises prefer to accept punishment for environmental
pollution rather than actively invest in environmental
protection. However, as the supervision of government
gradually standardizes and exceeds the inflection point,
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enterprises weigh the pros and cons; concluding that it
is better to take the initiative to invest in environmental
protection to reduce emissions of pollutants than to pay fines for
punishment. Therefore, enterprises begin to increase the scale
of environmental protection investment. Second, there is a U-
shaped relationship between the promotion pressure of officials
and the scale of environmental protection investment. With
the environmental performance appraisal standards improving
and the promotion pressure of local officials increasing, the
effective performance appraisal and promotion incentive
system of the central government for local officials will play a
positive guiding role in the policy selection and implementation
of local governments. It is feasible to bring environmental
performance into official performance appraisal and carry
out appropriate promotion incentives to improve regional
environmental governance.

This paper draws three policy implications: First, strengthen
the enforcement of government environmental control. This
paper finds that the intensity of government environmental
regulation and the scale of enterprise environmental protection
investment are at a low level. Therefore, environmental policies,
protection laws, and regulations are the main driving forces
to solve the environmental problems of enterprises. On the
one hand, the government should improve environmental
protection policies and laws, speed up the establishment
of legal system and policy guidance to regulate the green
production of enterprises, and strengthen the mandatory
environmental regulation of the government. On the other hand,
we should strengthen the supervision and implementation of
environmental protection.

Second, improve the performance appraisal system of
local officials. This study shows that, when the promotion
pressure of local officials reaches a certain level, the effective
performance appraisal and promotion incentive system of
the central government for local officials begin to play a
positive role in guiding the policy choice and implementation
of local government. Therefore, we should emphasize the
importance of green performance appraisal, improve the
design of promotion incentive systems for local government
officials, bring the content of ecological environment protection
and green development efficiency into the scope of official
performance appraisal, and build an official performance
appraisal system that coordinates economy and environment.

When the environment is well protected can the local economy
achieve high-quality development.

Third, encourage enterprises to actively invest in
environmental protection technology. Environmental regulation
intensity can ensure a win-win situation for the economy
and the environment, as it not only effectively reduces the
waste of resources and protect the ecological environment,
but also promotes technological innovation, reduction of
environmental compliance costs, and improvement of the
industry competitiveness within these enterprises. Enterprises
are willing to take the initiative to invest in environmental
protection and technological innovation, which is also a key
factor in solving the problem of environmental pollution in
China. Enterprises should realize the long-term social and

environmental benefits of environmental protection investment,
establish the awareness of environmental protection, actively
carry out environmental protection investment, develop green
technology, and drive the green and high-quality development
of enterprises.
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This paper empirically examined whether participation in the Basic Medical Insurance

for Urban and Rural Residents impacted families’ allocation to risk assets and risk-free

assets using the Heckman two-step method, which is based on the China Household

Finance Survey micro data of 2013, 2015, and 2017. The results showed that

participation in the Basic Medical Insurance for Urban and Rural Residents can promote

families’ reasonable choice between risk assets and risk-free assets to a certain

extent. To be specific, the risk asset investments are squeezed out for the originally

risk-seeking families, while the risk-free asset investments are squeezed out for the

originally risk-adverse families. We tested the robustness of the benchmark model

and the mediating effect model with different definitions of risk assets and risk-free

assets. Also, the analysis of the mechanism showed that this increases families’ risk

perception—turning their risk attitude more cautious and their investment attitude

more rational. To further consolidate the social security attributes of the Basic Medical

Insurance for Urban and Rural Residents, behind its high coverage, we should also pay

attention to its influence on the investment preferences of families with different social and

economic statuses, thereby giving full play to its role in promoting the development of

China’s financial market. In future research, we can also try to use measurement models

such as PSM-DID models, and find the connections and progressive relations between

different models, in order to obtain the inquiry results of different dimensions. For the

direction of further research in the future, we believe that can be used to test whether the

conclusion whose data configuration of the basic medical insurance for family financial

assets choice influence is a universal in developing countries, to explore the developing

countries to promote the health security system for the influence of its national household

financial asset allocation and the corresponding policy recommendations.
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INTRODUCTION

With the gradual promotion of a market-oriented reform, China’s
financial market continues to release new vitality and financial
products, and allocable combinations are further enriched and
diversified. The asset choice and allocation behavior of a family,
which is an important basic unit of economy and society, plays
a major role in the long-term living standard of the family; thus,
the importance of the effective allocation of family financial assets
is becoming increasingly prominent. According to the classical
investment theory, a family will choose to allocate some of its
assets to risky financial assets to realize the best balance between
risk and return. However, contrary to the traditional theory,
some families do not participate in perilous financial market
investments, even if the participating investment does not hold
the portfolio calculated according to the traditional theory, which
shows the characteristics of a single asset structure and risk-
free asset allocation. The phenomenon of “limited participation”
has attracted academic attention. Several scholars have studied it
from different perspectives and found that the background risk of
being unable to trade is an important reason that the traditional
theory is contrary to the actual situation, and the background risk
research for health status is an important part of families’ “limited
participation” in financial market theory (1, 2).

Compared with developed countries, the phenomenon of
“limited participation” in China’s financial market is more
obvious, and the proportion of risky financial asset allocation in
most households is generally low: the participation rate of risky
financial assets is only 12.77%, while the participation rate of risk-
free financial assets has risen to 74.09%1. Which factors cause the
phenomenon of “limited participation” of families in the financial
market in China, and which factors can explain the heterogeneity
differences between urban and rural areas and regions in the
allocation of household financial assets? Many scholars have
extensively discussed the background that makes risk analysis
a key research direction. Therefore, from the perspective of the
social security system and insurance economics, this study holds
that whether residents allocate urban and rural basic medical
insurance may be an important factor affecting family venture
financial investment decisions and causing urban, rural, and
regional heterogeneity of market participation.

In the process of asset allocation, households are faced with
economic shocks from various aspects such as consumption and
employment, among which health shocks are one of the major
uncertainties faced by Chinese households. Relevant data2 show
that in 2017, the per capita medical expenses of inpatients in
hospitals were U 8,890.7, while the per capita disposable income
of the national residents was U 25,974. The risk of medical
expenditure is likely to lead families into economic distress,
which will undoubtedly have an important impact on household
asset allocation. Hence, medical insurance can influence the
allocation of family asset through medical expenses.

According to “the Challenge of Population Aging in China,”
issued by the CHARLS research team, although China has

1Data comes from CHFS (China Household Finance Survey).
2Data are from China Health Statistics Yearbook (2018).

made great progress in medical insurance coverage3, there is
also the problem of low coverage of the low-income groups
and the elderly living alone4. Different classes enjoy different
levels of protection, especially when the groups with the more
vulnerable economic status and social security levels are exposed
to health risks. This phenomenon has been studied from the
perspective of intuitionistic behavior, such as the allocation
of medical insurance affecting household consumption and
investment, revealing that insurance has the greatest influence
on the promotion of non-medical consumption expenditure of
low-income families, whereas it has little effect on high-income
families (3). Participating in medical insurance has considerably
increased the possibility and ratio of investing in risky financial
assets (4). In contrast, some scholars have studied the influence
of health status and social security degree on family investment
risk attitude and financial asset allocation from the perspective
of health risk, social security degree, and other risk-related
background factors to indirectly draw the conclusion that the
basic medical insurance system in urban and rural areas should
be strengthened to protect groups that are vulnerable to health
risks (5). In sum, although there are many studies on families’
“limited participation” in the financial market, the literature on
the intermediary effect of risk attitude is still rare from the
perspective of basic medical insurance allocation.

This study makes four main contributions to the literature.
First, we analyse the impact mechanism of urban and rural
residents’ basic medical insurance on the allocation of family
financial assets from the perspective of risk perception. Second,
by studying the evolution of the basic medical insurance system
and using China Household Finance Survey (CHFS) 2013, 2015,
and 2017 panel data, our research draws conclusions and policy
suggestions with intense practical significance. Third, we use data
about the new rural cooperative medical system (NCMS), urban
residents’ medical insurance, and other social security systems,
which do not only concern the heterogeneity between urban and
rural areas, but also naturally divides urban and rural residents’
family samples into two groups—with and without medical
insurance—through those systems with voluntary insurance
characteristics, which makes the research conclusion more
reasonable. Fourth, according to the concept of universal health
coverage proposed at the 58th World Health Assembly, the
realization of “universal health insurance” consists of three stages:
lack of financial protection, the intermediate stage of coverage,
and universal health insurance. Most developing countries are
committed to establishing a fairer and more effective basic

3The medical insurance coverage of the elderly (those aged ≥ 60 years) is close

to full coverage. The proportion of the elderly with at least one kind of medical

insurance in the urban household registration is 92.1%, and the rural household

registration is 94.0%. The coverage rate for the 45–59-year-old population is

also very high, with 89% of urban residences registered and 93.8% of rural

residences registered.
4According to the Challenge of Population Aging in China, the insurance coverage

rate of poor elderly people in the urban household registration population is 6.0

percentage points lower than that of non-poor people, and the elderly living alone

are 5.3 percentage points lower than those who do not. Among the rural household

registration population, the coverage rate of poor elderly people is 2.6 percentage

points lower than that of the non-poor, and that of elderly people living alone is 6.1

percentage points lower than that of elderly people who do not live alone.
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health insurance system, Whose financing channel, coverage
and subsidy levels have significant similarities, e.g., Thailand
proposed “30 baht plan” for universal health coverage in 2001
(6, 7), Mexico in 2003, established the informal employment
population in public health insurance coverage to achieve
universal health coverage (8, 9). As a result, we use the Heckman
two-stepmodel to explore the impact of participation in the Basic
Medical Insurance in Urban and rural areas Rural Residents on
families’ reasonable choice between risk assets and risk-free assets
from China perspective to It is enlightening to the research of
basic medical security system in developing countries.

The remainder of this paper is organized as follows.
Section Institutional Background provides a review of the
relevant literature. Section Literature Review presents empirical
methods and data sources. Section Methods and Data presents
our empirical results. Section Results presents a robustness
test. Section Robustness Test concludes the paper and offers
policy recommendations.

INSTITUTIONAL BACKGROUND

After more than 70 years of reform and development, China
has established a basic medical insurance system whose coverage
is nearly all urban and rural residents in the country. At
present, China’s basic medical security system “three vertical
lines and three horizontal lines” backbone structure has been
clearly shown. The “three vertical lines” refers to the New
Rural Cooperative Medical (NRCM), the Urban Residents’ Basic
Medical Insurance (URBMI) and the Basic Medical insurance
for urban and rural residents. These three systems are social
insurance systems organized and implemented by the state, and
they are also the main parts of the basic medical security system.
At the same time, these three systems reside in the middle layer
of the “three horizontal lines.” The “bottom horizontal line”
of the “horizontal line” is mainly targeted at people in need,
which needs to be supplemented by urban and rural medical
assistance and social charitable donations. “Top horizontal” is
aimed at the people’s higher medical needs, which need to be
met through supplementary medical insurance and commercial
health insurance.

Introduction to the NRCM
The new rural cooperative medical insurance is a mutual aid
system for farmers that is organized, guided and supported
by the government, attended voluntarily by farmers, raised by
individuals, collectivists and the government, and coordinated
by serious diseases as a whole. It adopts the means of
individual pay fees, collective support and government funding
to raise funds.

In October 2002, China made it clear that governments
at all levels should actively guide farmers to establish a
new type of rural cooperative medical care system based on
overall planning for serious diseases. In 2009, China made an
important strategic plan to deepen the reform of the medical
and health care system, and established the new agricultural
cooperation as the basic medical security system in rural areas.
On January 29, 2015, the National Health and Family Planning

Commission and the Ministry of Finance issued a notice on
doing well the work of the new rural cooperative medical care
in 2015, and proposed that the per capita subsidy standard
of the new rural cooperative medical care at all levels of
finance was increased by 60 yuan based on 2014, reaching
380 yuan.

In 2017, per capita subsidies for the new rural cooperative
medical care system from governments at all levels were
increased by 30 yuan over 2016 to 450 yuan. The central
government will provide subsidies for 80% of the new rural
cooperative medical care system in the western region and 60%
of the new rural cooperative medical care system in the central
region, and a certain proportion of the new rural cooperative
medical care system for the provinces in the eastern region.
Individual contributions to farmers will be raised by 30 yuan
over the 2016 figure, to about 180 yuan on average nationwide
in principle. We will explore the establishment of a stable and
sustainable financing mechanism that is commensurate with the
level of economic and social development and the affordability of
all parties.

Introduction to the URBMI
Since the founding of the People’s Republic of China, China’s
labor insurance and public medical care systems have clearly
defined the scope of direct family members supported by
state-owned enterprise employees and state staff, and realized
the “half-cost” medical insurance system for direct family
members, which has largely solved the medical security problem
for urban residents. But it is undoubtedly the product of
exceptional political and economic times. Since the reform and
opening, especially the construction of socialist market economic
system, great changes have taken place in China’s economic
and social environment. With the gradual establishment and
improvement of the basic medical insurance system for urban
workers since 1998, the medical insurance system for urban
workers has realized the transformation from the “state-unit”
security system to the “state-society” insurance system. With the
continuous changes of medical security reform, the traditional
labor insurance system for family members no longer exists,
and the original public medical care system also exists in
name only. The half-cost medical care system for the relatives
and children of urban workers and the public medical care
system for college and technical secondary school students
account for a small proportion of the population that should
be covered.

After the reform, the coverage of medical security is limited
and low. According to the Ministry of Health’s third national
health service survey in 2004, many urban residents are excluded
from the institutional protection system. The proportion of
urban population enjoying basic medical insurance for urban
workers was 30.2 percent. Freemedical care 4.0%, labor insurance
4.6%, commercial insurance 5.6%, and no medical insurance
44.8%. However, international experience shows that in the
health insurance system, once employees are insured, their
immediate family members (spouse and children) who are not
working are generally automatically insured. By contrast, this is
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the biggest institutional defect of the basic medical insurance for
urban workers in China.

Therefore, in order to achieve the goal of establishing a
medical security system that basically covers all urban and rural
residents, the State Council decided to carry out a pilot program
of basic medical insurance for urban residents from 2007. The
guidance of the State Council on the pilot of basic medical
insurance for urban residents requires that the pilot will be
launched in 2–3 cities in eligible provinces in 2007, expanded
in 2008, and strive to reach more than 80% of the pilot cities
in 2009. In 2010, the pilot will be fully rolled out across the
country and gradually cover all non-working urban residents.
“Since then, the state has issued a series of policy documents on
the construction and improvement of basic medical insurance
policies for urban residents. Among them, the “Opinions on the
Management of Medical Service of the Basic Medical Insurance
for Urban Residents” made it clear that the medical service
management of the basic medical insurance for urban residents
includes the scope of medical service, fixed-point management
and the settlement and management of medical expenses. The
Ministry of Human Resources and Social Security’s notice on
the work of basic medical insurance for urban residents in 2008
stipulated that the scope of the pilot will be expanded to 50% of
the cities. “In 2008, the government subsidy for insured residents
in pilot cities will be raised from no <40 yuan in 2007 to no <80
yuan per person. The central government will provide 40 yuan
per person for the central and western regions, and the subsidy
for the eastern regions will be raised in parallel with the new rural
cooperative medical care system.”

Implementation of the Integration Policy
In January 2016, the State Council issued the Opinions on the
Integration of the Basic Medical Insurance System for Urban and
Rural Residents, which combines the basic medical insurance
for urban residents and the new rural cooperative medical care
system into a unified basic medical insurance for urban and
rural residents, covering all urban and rural residents except
those who should be covered by the basic medical insurance
for employees. At present, except for Tibet, all provinces have
made plans and arrangements under the framework of the
Opinions or issued policy documents on integrating urban and
rural medical insurance. Among them, Tianjin, Chongqing,
Ningxia and other provinces had already combined urban and
rural medical insurance before the Opinions were issued, and
further refined and improved after the Opinions were issued.
Whether the first exploration in accordance with local conditions
before the issue of the Opinions, or the self-improvement under
the top-level design and unified arrangement after the issue
of the Opinions, there are some common rules and some
local characteristic practices. According to the policy documents
of coordinated urban and rural medical insurance in various
regions, the contents of the integration process of urban and rural
medical insurance systems include:

All localities take “six unifications” as the basic guidance, that
is, unified coverage, unified financing policies, unified security
treatment, unified medical insurance catalog, unified fixed-point
management, and unified white fund management. Individual

provinces outside of the “six” and put forward the “unity” seven
“eight unified” nine “and so on, including organization of unified
management system,management, health supervision, as a whole
layer pick, information system and guarantee mechanism of a
serious illness, etc.”

In Heilongjiang, Shandong, Chongqing, Shanghai, Tianjin,
Hebei and other 22 provinces and the Xinjiang Production and
Construction Corps, the basic medical insurance for urban and
rural residents has been integrated and handed over to local social
departments for unified management. In addition, the medical
insurance management of urban and rural residents in Shaanxi
Province is centralized to the health department. At the same
time, some regions set up medical insurance offices outside the
human resources, social security and health departments for
overall management, such as Fujian Province. In addition, some
provincial-level documents do not specify the specific ownership
of medical insurance management, requiring the establishment
of coordination groups and other organizations to promote
the implementation of medical insurance for urban and rural
residents, or to explore their own practices in local cities.

In addition to the proportion of payment in Shanghai, various
places according to their actual situation put forward a system
of one file, one system of two files or one system of three
files and other fixed financing methods, or in the provincial
documents did not stipulate specific payment levels, allowing
each prefecture-level city to set up their own different levels, with
2–3 years of transition period to achieve the final unification of
payment. At the same time, various places put forward to increase
the proportion of individual contribution, or clear the lower limit
of the proportion of individual contribution in the total amount
of financing, such as Fujian Province put forward that the part of
individual contribution should not be <25% of the total level of
financing in principle.

The general adoption of “treatment is not high on the low,
the catalog is not wide on the narrow” principle, emphasizing the
treatment and integration before the comparison is not reduced.
Overall, after the integration of medical insurance for urban and
rural residents, the proportion of hospitalization expenses paid
will remain around 75%, and the proportion of outpatient care
will be around 50%, so as to narrow the gap with the actual
reimbursement rate as much as possible. The specific payment
ratio varies according to the level of medical institutions, with
a preference for primary medical and health institutions. Some
provinces also stipulate the payment ratio difference between
different medical institutions.

LITERATURE REVIEW

Theoretical research on the distribution of household financial
assets can be traced back to the portfolio theory advanced
by (10), which analyses asset selection under the condition of
single-phase perspective and uncertainty, measures asset risk and
return by variance and expectation, and concludes that rational
investors allocate their assets based on the optimal portfolio of
mean, variance, and hedge risk by diversifying their investments.
Tobin (11) introduced the concept of risk-free assets based on
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Markowitz’s research and proposed the “two-fund separation
theorem.” Based on Tobin and Markowitz’s theoretical research,
Sharpe (12) further divides portfolio risk into non-decentralized
systemic risk and dispersible non-systematic risk and develops
the capital asset pricing model (capital asset pricing model).
Samuelson and Merton (13) extend the predecessor’s proposed
single-phase static model over multiple periods to make it
more responsive to real investment. According to the traditional
investment theory, rational investors choose to allocate part
of their funds to risky financial assets, depending on their
risk attitude, which is contrary to the reality of the families’
“limited participation” in the financial market phenomenon. This
phenomenon has invited in-depth study and extensive discussion
of the reasons for the deviation between traditional theory and
reality, among which the study of background risk is vital.

In addition to the risk of tradable asset price fluctuations,
which are mainly studied by the classical investment theory,
investors also face non-tradable background risks, including
health risks, social security degree, labor income risks, real estate
risks, and so on. The first is research on health risks, which
has a negative impact on household venture asset investment
by making investors more cautious about risk (14); households
with poor health are less likely to hold risky financial assets than
their healthier counterparts (15, 16) studied the influence of the
health status on the allocation of family financial assets from
the point of view of the health status of the middle-aged and
the elderly, concluding that the health status had a significant
negative impact on the proportion of investment real estate
holders. However, the impact on liquidity risk assets was not
significant, further supporting Edwards (17), who concluded that
the health status of the elderly had the most significant impact
on the choice of family assets. Some scholars have put forward
different views, arguing that the health status of family members
and the degree of risk aversion have no significant impact on their
venture capital (18–20).

The second concerns the study of the degree of social security.
The study of the allocation of family financial assets by the degree
of social security can be traced back to (21), who notes that social
security has an asset substitution effect and retirement effect. The
asset substitution effect refers to the crowding-out effect of social
security on family preventive savings, and the retirement effect
means that people with social security are more inclined to retire
early. Consequently, the influence of the degree of social security
on the allocation of household financial assets is the relative
size of the effects of asset allocation and retirement. Therefore,
before the social security systemwas highly popularized in China,
the social security system showed hierarchical characteristics,
in which families with different economic and social statuses
enjoyed different conditions of social security, and the impact
of social security on family financial asset allocation was mainly
reflected in crowding-out residents’ consumption and investment
(22, 23). With the continuous improvement of the social security
system and the gradual improvement of the popularization rate,
some scholars who study the factor of social security have come
to the opposite conclusion; that is, the social security system can
stimulate the growth of household consumption expenditure and
risky investment to a certain extent (24). The third relates to the

study of labor income risk and real estate risk. Scholars find that
the labor income risk of family financiers will make investors
more inclined to risk aversion, and have a negative impact on
risk asset allocation (25, 26), while real estate risk has two effects
on risky financial assets: the crowding-out effect and the asset
allocation effect (27–29).

Some research on families’ “limited participation” in the
financial market are based on other perspectives besides
background risk: one of which is that preventive saving has
a negative effect on the allocation of risky financial assets
by promoting households to accumulate more liquid risk-
free assets and reducing financial risk exposure (30). China’s
family investment presents certain life cycle effect characteristics;
however, the performance of different kinds of financial assets
is inconsistent (31–33) concluded that the proportion of the
elderly population has a positive effect on the holding of risk-
free assets, represented by bank savings, and a negative impact on
the holding of risk-free assets, represented by stocks, to a certain
extent by further subdividing age groups. The above scholars’
achievements further improve the research system of families’
“limited participation” in the financial market.

The impact of the social security factor on the allocation of
family financial assets has been widely studied. Most scholars
agree that the allocation of insurance can enhance, to some
extent, the depth and breadth of household venture capital
investment (34). From the perspective of the endowment
insurance, families are motivated to make financial and
investment arrangements in their life cycle through savings
or endowment insurance, where the latter can replace the
former to a certain extent (35). Further research shows that the
positive effect of health insurance allocation on family financial
asset allocation has a significant impact on highly educated
population, but not on their less-educated counterparts (36);
moreover, urban and rural basic medical insurance (including
new rural cooperative medical insurance, urban workers’
medical insurance, etc.) drives urban and rural household
consumption (34).

In conclusion, existing researchmainly studies the influence of
factors such as health status, risk attitude, social security degree,
and so on, based on life cycle theory and preventive savings,
which has made an important contribution to further enrich
the theoretical research on household financial asset allocation.
Although there is a certain relationship between health status and
basic medical insurance, they have completely different channels
of influence on families’ choice of financial assets; that is, health
status may affect the allocation of family financial assets through
medical expenditures, and basic medical insurance may affect the
choice of family financial assets through individual risk attitudes.
Current research mainly focuses on the impact of health risk
factors but less on basic medical insurance, highlighting the
practical value of studying basic medical insurance. However,
existing literature on basic medical insurance commonly studies
a single type of insurance in urban and rural basic medical
insurance systems and ignores the details of system evolution.
This study examines the influence of basic medical insurance
on family financial asset allocation from the perspective of the
evolution of the basic medical insurance system by using the
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TABLE 1 | Descriptive statistics of variables.

Variable type Variable name Variable symbol Mean value Standard

deviation

Minimum

value

Maximum

value

Explained variables Whether to hold risky assets (hdra, yes =

1, no = 0)

Risk_take 0.19 0.39 0 1

Whether to hold risk-free assets (hdrfa,

yes = 1, no = 0)

Lasset_take 0.95 0.21 0 1

Proportion of risky assets (propra, risky

assets/total assets)

Risk_ratio 0.05 0.15 0 1

Proportion of risk-free assets (proprfa,

risk-free assets/total assets)

Lasset_ratio 0.39 0.43 0 1

Explanatory variables Medical insurance for urban residents

(hdins-urban, yes = 1, no = 0)

Urban_ins 0.13 0.34 0 1

NCMS (hdins-rural, yes = 1, no = 0) Rural_ins 0.49 0.5 0 1

Basic Medical Insurance for Urban and

Rural Residents (hdins, yes = 1, no = 0)

UrRural_ins 0.58 0.49 0 1

Intermediary variable Risk attitudea (rat) Risk_atti 2.64 0.57 1 3

Individual level control variables Sex (M = 1, F = 0) Sex 0.78 0.41 0 1

Age (years) Age 53.14 13.89 3 113

Level of education (reference group is not

in school)

Edu

Primary or junior high school education

(pri-jun edu)

Edu1 0.57 0.5 0 1

High school or college (hi-co edu) Edu2 0.27 0.45 0 1

Bachelor’s degree or above (ba edu) Edu3 0.08 0.27 0 1

Years of education (y-edu) Eduyear 9.09 4 0 23

Local account (la, yes = 1, no = 0) Hukou 0.63 0.48 0 1

Marital status (base group unmarried) Marr

Married (m) Marr1 0.87 0.33 0 1

Divorce or widowhood (d-w) Marr2 0.1 0.29 0 1

Brothers and sisters (bro-sis) Siblings 1.57 2.04 0 16

Working conditions (wco, yes = 1, no = 0) Work 0.67 0.47 0 1

Self-assessment of health status (hs, 1–5,

healthy-unhealthy)

Health 2.97 1.12 1 5

Family level control variables Whether to hold the commercial health

insurance (pri-hi)

pr_ins 0.033 0.179 0 1

Family income (in) Hh_income 67,686 83,123 0 550,440

Income logarithm (in-log) Ln_hh_income 10.31 1.88 −1.74 13.22

Family assets (as) L_asset 38,451 83,428 0 530,000

Asset logarithm (as-log) Lnasset 10.95 2.88 0 15.67

Household liabilities (hl) Hh_debt 34,992 114,305 0 797,537

Debt logarithm (de-log) Lndebt 2.84 4.8 −4.2 13.59

Medical expenditure (me) Med_exp 2,664 13,474 0 1.5 × 106

Logarithm of medical expenditure (me-log) Lnmed_exp 2.86 3.78 −0.69 14.22

Number of families (fn) Fam_num 3.58 1.75 1 11

Average family years of education (fay-edu) a_edu 8.141 3.762 0 23

Average family age (fa-ag) A_age 47.17 15.54 4 113

The proportion of men in the family

(fpropm)

R_man 0.5 0.2 0 1

Proportion of households receiving

pensions(fpropp)

R_pension 0.25 0.38 0 1

The proportion of working persons in the

family (fpropw)

R_job 0.42 0.42 0 1

Family dependency ratio (fpropr) R_raise 0.25 0.34 0 1

aRisk attitude measured by the willingness to invest after winning the lottery; risk aversion = 1, risk preference = 0.
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TABLE 2 | Benchmark regression.

Explanatory variable Risk assets/Risk-free assets Risk assets/Risk-free assets Risk assets/Risk-free assets

hdra propra hdra propra hdra propra

(1) (2) (3) (4) (5) (6)

Part 1: Risk assets

hdins −0.1210***

(0.0244)

−0.0149***

(0.0019)

hdins urban 0.0252

(0.0305)

−0.0012

(0.0024)

hdins-rural 0.0005

(0.0594)

−0.0040

(0.0025)

Pri-hi 0.6070***

(0.0439)

0.0402***

(0.0056)

0.6520***

(0.0489)

0.0298***

(0.0065)

0.3570***

(0.108)

0.0499***

(0.0088)

Bro-sis 0.0138**

(0.0067)

0.0004

(0.0004)

0.0100

(0.0071)

−0.0003

(0.0006)

0.0201

(0.0126)

0.0025***

(0.0006)

gender 0.0066

(0.0278)

−0.0013

(0.0022)

0.0192

(0.0303)

−0.0007

(0.0028)

−0.0089

(0.0747)

−0.0024

(0.0028)

age −0.0087***

(0.0015)

−0.0005***

(0.0001)

−0.0062***

(0.0016)

−0.0001

(0.0002)

−0.0109***

(0.0027)

−0.0017***

(0.0002)

Pri-jun edu −0.1160

(0.0866)

−0.0243***

(0.0041)

−0.1870

(0.1170)

−0.0340***

(0.0065)

0.0082

(0.1350)

−0.0024

(0.0042)

Hi-co edu −0.0347

(0.1150)

−0.0164**

(0.0064)

−0.0918

(0.1480)

−0.0313***

(0.0096)

−0.0167

(0.1940)

−0.0036

(0.0071)

Ba edu −0.1080

(0.1450)

0.0007

(0.0092)

−0.1990

(0.1810)

−0.0175

(0.0131)

−0.1310

(0.4380)

0.0376

(0.0421)

Y-edu 0.0426***

(0.0089)

0.0036***

(0.0007)

0.0561***

(0.0107)

0.0039***

(0.0010)

0.0208

(0.0158)

0.0030***

(0.0007)

La 0.0611***

(0.0218)

0.0172***

(0.0020)

0.0464*

(0.0261)

0.0103***

(0.0025)

0.0806

(0.0690)

0.0155***

(0.0038)

M 0.1030*

(0.0598)

−0.0011

(0.0051)

0.1440**

(0.0648)

−0.0018

(0.0064)

−0.1970

(0.1510)

−0.0318***

(0.0078)

D-w 0.1040

(0.0714)

−0.0026

(0.0056)

0.1170

(0.0784)

−0.0057

(0.0072)

−0.1090

(0.1720)

−0.0176**

(0.0074)

Wco 0.0847***

(0.0315)

−0.0021

(0.0020)

0.0782**

(0.0370)

−0.0054*

(0.0029)

0.1660**

(0.0648)

0.0215***

(0.0035)

Hs −0.0477***

(0.0100)

−0.0008

(0.0007)

−0.0329***

(0.0118)

0.0001

(0.0010)

−0.0790***

(0.0185)

−0.0101***

(0.0014)

Me-log 0.0056*

(0.0032)

0.0001

(0.0002)

0.0051

(0.0037)

−0.0001

(0.0003)

0.0101

(0.0071)

0.00126***

(0.0003)

Me −0.0001

(0.0001)

−0.0001

(0.0001)

−0.0001

(0.0001)

−0.0001

(0.0001)

−0.0001

(0.0001)

−0.0001***

(0.0001)

In-log 0.1270***

(0.0095)

0.0046***

(0.0011)

0.1230***

(0.0107)

0.0009

(0.0013)

0.1350***

(0.0203)

0.0188***

(0.0025)

As-log 0.2880***

(0.0063)

0.0070***

(0.0025)

0.2800***

(0.0072)

−0.0022

(0.0028)

0.3010***

(0.0135)

0.0399***

(0.0056)

Fn −0.0575***

(0.0075)

−0.0046***

(0.0006)

−0.0648***

(0.0092)

−0.0042***

(0.0009)

−0.0344**

(0.0134)

−0.0058***

(0.0008)

Fa-ag −0.0109***

(0.0014)

−0.0004***

(0.0001)

−0.0117***

(0.0016)

−0.0001

(0.0002)

−0.0072***

(0.0026)

−0.0010***

(0.0002)

Fpropm 0.0624

(0.0564)

0.0013

(0.0040)

0.0533

(0.0632)

−0.0037

(0.0055)

0.1100

(0.1250)

0.0194***

(0.0047)

Fpropp 0.0624

(0.0564)

0.0013

(0.0041)

0.0533

(0.0632)

−0.0037

(0.0055)

0.1100

(0.1250)

0.0194***

(0.0047)

Fpropw −0.1970***

(0.0399)

−0.0010

(0.0029)

−0.1880***

(0.0464)

0.0031

(0.0039)

−0.1380

(0.0933)

−0.0159***

(0.0034)

Fpropr −0.0486

(0.0416)

−0.0034

(0.0027)

−0.0844*

(0.0479)

−0.0043

(0.0039)

0.0581

(0.0944)

0.0132***

(0.0026)

(Continued)
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TABLE 2 | Continued

Explanatory variable Risk assets/Risk-free assets Risk assets/Risk-free assets Risk assets/Risk-free assets

hdra propra hdra propra hdra propra

(1) (2) (3) (4) (5) (6)

Fay-edu 0.0415***

(0.0049)

0.0005

(0.0005)

0.0392***

(0.0058)

−0.0007

(0.0006)

0.0384***

(0.0101)

0.0050***

(0.0008)

De-log −0.0101***

(0.0020)

−0.0012***

(0.0002)

−0.0061***

(0.0023)

−0.0011***

(0.0002)

−0.0213***

(0.0041)

−0.0031***

(0.0004)

Part 2: Risk-free assets

hdins 0.0189

(0.0294)

−0.0352***

(0.00323)

hdins urban −0.0094

(0.0414)

0.0003

(0.0040)

hdins-rural 0.1560***

(0.0506)

−0.0494***

(0.0076)

Pri-hi 0.0727

(0.0827)

0.0215***

(0.0057)

0.0075

(0.0909)

0.0257***

(0.0061)

0.2190

(0.1710)

0.0332**

(0.0157)

Bro-sis −0.0150**

(0.0073)

0.0009

(0.0009)

−0.0134

(0.0105)

0.0005

(0.0010)

−0.0134

(0.0102)

0.0017

(0.0015)

gender 0.0066

(0.0278)

−0.0013

(0.0022)

0.0192

(0.0303)

−0.0007

(0.0028)

−0.0089

(0.0747)

−0.0024

(0.0028)

age −0.0053***

(0.0017)

0.0009***

(0.0002)

−0.0046*

(0.0025)

0.0013***

(0.0002)

−0.0049**

(0.0022)

0.0009***

(0.0003)

Pri-jun edu −0.0244

(0.0745)

−0.0746***

(0.0097)

0.0455 (0.114) −0.1090***

(0.0139)

−0.0142

(0.1020)

−0.0665***

(0.0147)

Hi-co edu −0.1390

(0.1150)

−0.0576***

(0.0136)

−0.0926

(0.1640)

−0.0758***

(0.0179)

−0.0930

(0.1660)

−0.0782***

(0.0225)

Ba edu −0.3820**

(0.1590)

−0.0362**

(0.0174)

−0.3370

(0.2200)

−0.0336

(0.0221)

−0.0447

(0.4010)

−0.1070**

(0.0481)

Y-edu 0.0273***

(0.0099)

0.0001

(0.0011)

0.0287**

(0.0142)

−0.0012

(0.0014)

0.0184

(0.0138)

0.0049***

(0.0019)

La −0.1270***

(0.0296)

0.0123***

(0.0031)

−0.0950**

(0.0380)

0.0132***

(0.0038)

−0.1910***

(0.0657)

0.0273***

(0.0090)

M 0.0980

(0.0700)

−0.0150*

(0.0084)

0.0969

(0.0933)

−0.0122

(0.0091)

0.0838

(0.1060)

−0.0288

(0.0195)

D-w 0.0794

(0.0781)

−0.0301***

(0.0097)

0.0774

(0.1040)

−0.0289***

(0.0107)

0.0505

(0.1180)

−0.0335

(0.0213)

Wco 0.0130

(0.0346)

−0.0152***

(0.0040)

0.0984*

(0.0510)

−0.0321***

(0.0049)

−0.0637

(0.0488)

−0.0011

(0.0073)

Hs −0.0196*

(0.0116)

−0.0081***

(0.0013)

−0.0145

(0.0165)

−0.0051***

(0.0015)

−0.0174

(0.0161)

−0.0116***

(0.0023)

Me-log 0.0092**

(0.0038)

−0.0019***

(0.0004)

0.0087

(0.0054)

−0.0022***

(0.0005)

0.0105*

(0.0057)

−0.0019**

(0.0009)

Me −0.0001***

(0.0001)

0.0001***

(0.0001)

−0.0001

(0.0001)

0.0001***

(0.0001)

−0.0001**

(0.0001)

0.0001**

(0.0001)

In-log 0.0380***

(0.0056)

0.0027***

(0.0009)

0.0273***

(0.0077)

0.0028***

(0.0010)

0.0510***

(0.0087)

0.0022

(0.0016)

As-log 0.1780***

(0.0049)

−0.1410***

(0.0011)

0.1580***

(0.0069)

−0.1570***

(0.0014)

0.1990***

(0.0072)

−0.1190***

(0.0022)

Fn −0.0247***

(0.0071)

0.0010

(0.0009)

−0.0248**

(0.0112)

0.0024**

(0.0012)

−0.0156*

(0.0094)

−0.0015

(0.0014)

Fa-ag −0.0003

(0.0014)

−0.0001

(0.0002)

−0.0022

(0.0021)

0.0006***

(0.0002)

0.0029

(0.0020)

−0.0005*

(0.0003)

Fpropm −0.1360**

(0.0630)

0.0135*

(0.0074)

−0.1330

(0.0840)

0.0223***

(0.0086)

−0.1150

(0.0954)

−0.0018

(0.0140)

Fpropp 0.0656

(0.0414)

−0.0169***

(0.0052)

0.1180**

(0.0590)

−0.0440***

(0.0062)

0.0128

(0.0588)

0.0130

(0.0094)

(Continued)
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TABLE 2 | Continued

Explanatory variable Risk assets/Risk-free assets Risk assets/Risk-free assets Risk assets/Risk-free assets

hdra propra hdra propra hdra propra

(1) (2) (3) (4) (5) (6)

Fpropw −0.0108

(0.0475)

−0.0046

(0.0053)

−0.0091

(0.0693)

0.0072

(0.0063)

0.0756

(0.0695)

0.0047

(0.0106)

Fpropr 0.0717

(0.0440)

0.0116**

(0.0052)

0.0917

(0.0625)

0.0091

(0.0063)

0.0553

(0.0623)

−0.0018

(0.0093)

Fay-edu 0.0205***

(0.0059)

0.00147**

(0.0007)

0.0130

(0.0085)

0.0010

(0.0008)

0.0207**

(0.0085)

0.0001

(0.0012)

De-log −0.0294***

(0.0025)

−0.0009***

(0.0003)

−0.0231***

(0.0035)

−0.0012***

(0.0003)

−0.0353***

(0.0035)

−0.0001

(0.0005)

Standard errors in parentheses.

*p < 0.1, **p < 0.05, ***p < 0.01.

micro data of the NCMS, urban residents’ medical insurance, and
urban and rural residents’ basic medical insurance.

METHODS AND DATA

Microcosmic data at the household level selected in this study
are derived from the 2013, 2015, and 2017 issues of the CHFS.
We selected the data after 2013 because 2012 was just the tenth
anniversary of the urban residents’ medical insurance pilot which
started in 2002, and the fifth anniversary of the NCMS pilot
started in 2007. So far, the implementation of these two medical
insurance systems tends to be perfect, which may enhance the
representativeness of the research results. Therefore, the CHFS
micro data in 2013 and the latter two periods were selected.

We use the Heckman two-step model to investigate the
micro information of the allocation of family risk assets and
non-risk assets, participation in basic medical insurance, risk
attitude, years of education, work conditions, health status,
family expenditures, and household registration status. China’s
household finance database, whose basic characteristics of the
survey samples are similar to those of the 2010 national census,
has excellent data quality and is widely used by researchers.

Model Setting
In order to study the impact of the participation of urban and
rural basic medical insurance on the family asset allocation,
we need to set the core explained variable to whether the
family held financial assets and the family held financial
assets. However, this order of study is not interchangeable.
Because if we first study the proportion of families holding
financial assets, then the whole family sample will include
families who do not hold financial assets, which will produce
endogenous problems, resulting in deviation in the results.
Therefore, we should solve the endogenous problem caused by
the deviation of sample selection. Specifically, we need to perform
a sample correction.

Since Heckman two-step method can well-solve the
endogenous problem caused by sample selection deviation.
Therefore, this paper chooses it as the main model. The
null hypothesis of the model is that participation in medical

insurance for urban and rural residents has no impact on the
family financial asset allocation. If a small probability event
occurs in our regression trial, we doubt the correctness of
the null hypothesis. We can then get the influence of medical
insurance for urban and rural residents on family financial
asset allocation.

The first step of the Heckman two-step method is to select
the equation, in which we estimate the impact of participating in
urban and rural residents’ medical insurance on whether families
hold financial assets, and simultaneously obtain the inverse Mills
ratio λ estimated by a probit model. The second step concerns
the quantitative equation, in which the inverse Mills ratio λ

obtained from Equation (1) is substituted into the quantity
equation as the control variable to ensure that the sample
households in this step are all households holding financial assets,
as follows:

pro{Yit = 1} = α0 + α1Pu_insit + α2Xit + φt + ρp + µit (1)

ln assetit = α0 + α1Pu_insit + α2Xit + φt + ρp + µit (2)

i in the equation represents the family, and t represents the
period. The explained variable Yit in Equation (1) is a virtual
variable as to whether family i holds risky or risk-free assets
in period t. The explained variable in Equation (2) measures
the proportion of financial assets held by households. The first
term α0 on the right is a constant term. The second Pu <

uscore > insit is the core explanatory variable, indicating whether
to participate in medical insurance for urban and rural residents,
medical insurance for urban residents, or NCMS in different
regressions. The third term Xit represents the control variables at
the individual and household levels, including years of education,
work status, health status, family expenditure, household status,
and so on. The fourth term is the time-control variable. The
fifth term ρp reflects the fixed effects of the province. The last
term µit means residual, which is assumed to be distributed
independently, identically, and normally.

Description of Variables
1. The allocation of financial assets can be measured from four
aspects: (1) whether the sample households hold risky assets,
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TABLE 3 | Intermediary effect regression (risk assets).

Explanatory variable Risk assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdra

Fixed rat

depends on hdra

The influence of

rat on the propra

Fixed rat to look

at the propra

Part 1: Medical insurance for urban and rural residents

hdins 0.0217

(0.0195)

−0.1200***

(0.0245)

−0.0150***

(0.0019)

Rat −0.1200***

(0.0248)

−0.1200***

(0.0248)

−0.0101***

(0.00222)

−0.0099***

(0.0022)

Pri-hi −0.0937**

(0.0470)

0.6040***

(0.0439)

0.6040***

(0.0439)

0.0404***

(0.0057)

0.03990***

(0.0057)

Bro-sis 0.0131***

(0.0045)

0.0149**

(0.0062)

0.0151**

(0.0062)

0.0004

(0.0004)

0.0005

(0.0004)

gender −0.1260***

(0.0230)

−0.0044

(0.0279)

0.0004

(0.0279)

−0.0027

(0.0022)

−0.0021

(0.0022)

age 0.0041***

(0.0013)

−0.0080***

(0.0015)

−0.0082***

(0.0014)

−0.0004***

(0.0001)

−0.0005***

(0.0001)

Pri-jun edu 0.0001

(0.0572)

−0.1210

(0.0873)

−0.0986

(0.0872)

−0.0261***

(0.0041)

−0.0230***

(0.0041)

Hi-co edu −0.1010

(0.0818)

−0.0292

(0.1160)

−0.0168

(0.1160)

−0.0161**

(0.0065)

−0.0145**

(0.0065)

Ba edu −0.0999

(0.1060)

−0.1010

(0.1460)

−0.0915

(0.1450)

0.0022

(0.0093)

0.0031

(0.0093)

Y-edu 0.0097

(0.0069)

0.0458***

(0.0089)

0.0422***

(0.0089)

0.0039***

(0.0007)

0.0035***

(0.0007)

La −0.0162

(0.0209)

0.0572***

(0.0219)

0.0677***

(0.0221)

0.0163***

(0.0020)

0.0178***

(0.0020)

M 0.1550***

(0.0417)

0.1010*

(0.0604)

0.0997*

(0.0603)

−0.0011

(0.0052)

−0.0009

(0.0052)

D-w 0.0781

(0.0501)

0.0992

(0.0719)

0.0965

(0.0718)

−0.0027

(0.0057)

−0.0027

(0.0056)

Wco 0.0070

(0.0307)

0.0798**

(0.0315)

0.0856***

(0.0316)

−0.0028

(0.0020)

−0.0019

(0.0020)

Hs 0.0314***

(0.0077)

−0.0475***

(0.0100)

−0.0476***

(0.0100)

−0.0010

(0.0007)

−0.0009

(0.0007)

Me-log 0.0015

(0.0027)

0.0062*

(0.0033)

0.0058*

(0.0033)

0.0001

(0.0002)

0.0001

(0.0002)

Me −0.0001

(0.0001)

−0.0001

(0.0001)

−0.0001

(0.0001)

−0.0001

(0.0001)

−0.0001

(0.0001)

In-log −0.0087**

(0.0044)

0.1290***

(0.0095)

0.1250***

(0.0094)

0.0052***

(0.0012)

0.0047***

(0.0011)

As-log −0.0137***

(0.0031)

0.2890***

(0.0064)

0.2870***

(0.0064)

0.0075***

(0.0025)

0.0069***

(0.0025)

Fn 0.0048

(0.0052)

−0.0608***

(0.0075)

−0.0563***

(0.0076)

−0.0051***

(0.0007)

−0.0045***

(0.0006)

Fa-ag 0.0055***

(0.0012)

−0.0111***

(0.0014)

−0.0108***

(0.0014)

−0.0004***

(0.0001)

−0.0004***

(0.0001)

Fpropm −0.1600***

(0.0439)

0.0603

(0.0569)

0.0650

(0.0568)

0.0015

(0.0041)

0.0019

(0.0041)

Fpropp 0.0137

(0.0294)

0.1070***

(0.0402)

0.0926**

(0.0402)

0.0148***

(0.0023)

0.0137***

(0.0023)

Fpropw −0.0794**

(0.0361)

−0.2200***

(0.0400)

−0.2040***

(0.0401)

−0.0043

(0.0030)

−0.0015

(0.0030)

Fpropr 0.0331

(0.0332)

−0.0364

(0.0418)

−0.0435

(0.0418)

−0.0032

(0.0026)

−0.0039

(0.0027)

(Continued)
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TABLE 3 | Continued

Explanatory variable Risk assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdra

Fixed rat

depends on hdra

The influence of

rat on the propra

Fixed rat to look

at the propra

Part 1: Medical insurance for urban and rural residents

Fay–edu −0.0082**

(0.0041)

0.0425***

(0.0050)

0.0402***

(0.0050)

0.0009*

(0.0005)

0.0005

(0.0005)

De-log −0.0024

(0.0016)

−0.0104***

(0.0020)

−0.0104***

(0.0020)

−0.00125***

(0.0002)

−0.0012***

(0.0002)

Part 2: Medical insurance for urban residents

hdins-urban −0.0459

(0.0300)

0.0187

(0.0307)

−0.0010

(0.0024)

Rat −0.1190***

(0.0280)

−0.1180***

(0.0281)

−0.0096***

(0.0029)

−0.0096***

(0.0029)

Pri-hi −0.0753

(0.0514)

0.6520***

(0.0490)

0.6520***

(0.0490)

0.0300***

(0.0065)

0.0300***

(0.0066)

Bro-sis 0.0231***

(0.0059)

0.0108

(0.0072)

0.0108

(0.0072)

−0.0002

(0.0006)

−0.0002

(0.0006)

gender −0.1590***

(0.0266)

0.0127

(0.0305)

0.0131

(0.0305)

−0.0014

(0.0029)

−0.0015

(0.0028)

age 0.0043***

(0.0016)

−0.0055***

(0.0018)

−0.0055***

(0.0018)

−0.0001

(0.0001)

−0.0001

(0.0002)

Pri-jun edu 0.0271

(0.0837)

−0.1590

(0.1180)

−0.1600

(0.1180)

−0.0336***

(0.0065)

−0.0335***

(0.0065)

Hi-co edu −0.0673

(0.1120)

−0.0590

(0.1490)

−0.0603

(0.1490)

−0.0302***

(0.0097)

−0.0301***

(0.0097)

Ba edu −0.0439

(0.1410)

−0.1610

(0.1820)

−0.1630

(0.1820)

−0.0156

(0.0131)

−0.0156

(0.0131)

Y-edu 0.0071

(0.0090)

0.0542***

(0.0108)

0.0546***

(0.0108)

0.0039***

(0.0010)

0.0039***

(0.0010)

La −0.0169

(0.0240)

0.0543**

(0.0258)

0.0511*

(0.0264)

0.0102***

(0.0025)

0.0104***

(0.0025)

M 0.1480***

(0.0485)

0.1340**

(0.0652)

0.1340**

(0.0652)

−0.0018

(0.0065)

−0.0018

(0.0065)

D-w 0.0428

(0.0597)

0.106 (0.0788) 0.106 (0.0789) −0.00592

(0.00722)

−0.00594

(0.00722)

Wco −0.00431

(0.0380)

0.0783**

(0.0371)

0.0783**

(0.0371)

−0.00508*

(0.00289)

−0.00508*

(0.00289)

Hs 0.0408***

(0.0097)

−0.0335***

(0.0118)

−0.0334***

(0.0118)

0.0001

(0.0010)

0.0001

(0.0010)

Me-log 0.00191

(0.0034)

0.0053

(0.0037)

0.0054

(0.0037)

−0.0001

(0.0003)

−0.0001

(0.0003)

Me 0.0001

(0.0001)

−0.0001

(0.0001)

−0.0001

(0.0001)

−0.0001

(0.0001)

−0.0001

(0.0001)

In-log −0.0061

(0.0053)

0.1200***

(0.0106)

0.1210***

(0.0106)

0.0011

(0.0013)

0.0011

(0.0013)

As-log −0.0170***

(0.0041)

0.2780***

(0.0072)

0.2780***

(0.0072)

−0.0021

(0.0029)

−0.0021

(0.0029)

Fn 0.0183**

(0.0074)

−0.0614***

(0.0092)

−0.0615***

(0.0092)

−0.0042***

(0.0009)

−0.0042***

(0.0009)

Fa-ag 0.0060***

(0.0015)

−0.0117***

(0.0016)

−0.0117***

(0.0016)

−0.0001

(0.0001)

−0.0001

(0.0001)

Fpropm −0.1420***

(0.0526)

0.0560

(0.0636)

0.0559

(0.0636)

−0.0030

(0.0055)

−0.0030

(0.0055)

(Continued)
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TABLE 3 | Continued

Explanatory variable Risk assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdra

Fixed rat

depends on hdra

The influence of

rat on the propra

Fixed rat to look

at the propra

Fpropp 0.0222

(0.0378)

0.1250***

(0.0462)

0.1270***

(0.0462)

0.0108***

(0.0034)

0.0107***

(0.0034)

Fpropw −0.0744

(0.0463)

−0.1970***

(0.0466)

−0.1960***

(0.0467)

0.0024

(0.0039)

0.0024

(0.0039)

Fpropr 0.0653

(0.0425)

−0.0786

(0.0482)

−0.0785

(0.0482)

−0.0050

(0.0039)

−0.0050

(0.0039)

Fay-edu −0.0088

(0.0054)

0.0382***

(0.0059)

0.0382***

(0.0059)

−0.0007

(0.0006)

−0.0007

(0.0006)

De-log −0.0024

(0.0020)

−0.0064***

(0.0023)

−0.0065***

(0.0023)

−0.0012***

(0.0002)

−0.0012***

(0.0002)

Part 3: New rural cooperative medical

hdins-rural 0.0506

(0.0418)

0.0130

(0.0596)

−0.0025

(0.0026)

Rat −0.1360**

(0.0539)

−0.1370**

(0.0539)

−0.0180***

(0.0034)

−0.0179***

(0.0034)

Pri-hi −0.1980

(0.1280)

0.3430***

(0.1070)

0.3430***

(0.1070)

0.0470***

(0.0085)

0.0467***

(0.0085)

Bro-sis −0.0048

(0.0069)

0.0213*

(0.0127)

0.0213*

(0.0127)

0.0027***

(0.0006)

0.0027***

(0.0006)

gender −0.0027

(0.0492)

−0.0184

(0.0747)

−0.0188

(0.0746)

−0.0041

(0.0028)

−0.0040

(0.0028)

age 0.0027

(0.0019)

−0.0111***

(0.0027)

−0.0111***

(0.0027)

−0.0018***

(0.0002)

−0.0018***

(0.0002)

Pri-jun edu −0.0539

(0.0823)

0.0017

(0.1360)

0.0012

(0.1360)

−0.0025

(0.0042)

−0.0024

(0.0042)

Hi-co edu −0.1300

(0.1280)

−0.0251

(0.1950)

−0.0249

(0.1950)

−0.0034

(0.0070)

−0.0034

(0.0070)

Ba edu −0.3960

(0.2920)

−0.1420

(0.4410)

−0.1370

(0.4410)

0.0401

(0.0429)

0.0393

(0.0429)

Y-edu 0.0113

(0.0110)

0.0225

(0.0158)

0.0226

(0.0158)

0.0032***

(0.0007)

0.0032***

(0.0007)

La −0.0670

(0.0517)

0.0829

(0.0697)

0.0819

(0.0700)

0.0162***

(0.0039)

0.0163***

(0.0039)

M 0.0507

(0.0939)

−0.1720

(0.1530)

−0.1720

(0.1530)

−0.0284***

(0.0077)

−0.0280***

(0.0077)

D-w 0.0667

(0.1040)

−0.0978

(0.1740)

−0.0985

(0.1740)

−0.0160**

(0.0074)

−0.0157**

(0.0074)

Wco 0.0607

(0.0529)

0.1800***

(0.0647)

0.1790***

(0.0648)

0.0234***

(0.0037)

0.0233***

(0.0037)

Hs 0.0196

(0.0126)

−0.0767***

(0.0186)

−0.0767***

(0.0186)

−0.0099***

(0.0014)

−0.0098***

(0.0014)

Me-log −0.0005

(0.0044)

0.0106

(0.0071)

0.0106

(0.0071)

0.0014***

(0.0003)

0.0014***

(0.0003)

Me −0.0001**

(0.0001)

−0.0001

(0.0001)

−0.0001

(0.0001)

−0.0001***

(0.0001)

−0.0001***

(0.0001)

In-log −0.0214***

(0.0081)

0.1340***

(0.0204)

0.1340***

(0.0204)

0.0188***

(0.0025)

0.0187***

(0.0025)

As-log −0.0121**

(0.0049)

0.3010***

(0.0138)

0.3010***

(0.0138)

0.0401***

(0.0057)

0.0398***

(0.0057)
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TABLE 3 | Continued

Explanatory variable Risk assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdra

Fixed rat

depends on hdra

The influence of

rat on the propra

Fixed rat to look

at the propra

Fn −0.0091

(0.0072)

−0.0375***

(0.0136)

−0.0376***

(0.0136)

−0.0063***

(0.0009)

−0.0062***

(0.0009)

Fa-ag 0.0032*

(0.0018)

−0.0071***

(0.0026)

−0.0071***

(0.0026)

−0.0010***

(0.0002)

−0.0010***

(0.0002)

Fpropm −0.2410***

(0.0831)

0.1180

(0.1270)

0.1180

(0.1270)

0.0212***

(0.0048)

0.0210***

(0.0048)

Fpropp 0.0267

(0.0493)

−0.0678

(0.0932)

−0.0677

(0.0932)

−0.0072***

(0.0022)

−0.0070***

(0.0022)

Fpropw −0.0057

(0.0615)

−0.1330

(0.0942)

−0.1340

(0.0943)

−0.0154***

(0.0034)

−0.0152***

(0.0034)

Fpropr −0.0021

(0.0548)

0.0707

(0.0954)

0.0711

(0.0954)

0.0151***

(0.0027)

0.0150***

(0.0027)

Fay-edu −0.0078

(0.0070)

0.0377***

(0.0102)

0.0378***

(0.0102)

0.0050***

(0.0008)

0.0049***

(0.0008)

De-log −0.0017

(0.0028)

−0.0216***

(0.0041)

−0.0216***

(0.0041)

−0.0032***

(0.0004)

−0.0032***

(0.0004)

Standard errors in parentheses. *p < 0.1, **p < 0.05, ***p < 0.01.

(2) the proportion of risky assets held, (3) whether they hold
riskless assets, and (4) the proportion of riskless assets held.
Risky assets are composed of stocks, loans, funds, derivatives,
Internet financial management, financial management, non-
RMB assets, gold, and other risky assets. Risk-free assets
are composed of cash, bonds, demand deposits, and time
deposits. Consequently, we select whether to hold risky assets or
riskless assets, and the corresponding holding ratio as the core
explained variable.

2. Participation in basic medical insurance for urban and
rural areas. The State Council’s opinions on integrating the
basic medical insurance system of urban and rural residents
issued on 12 January 2016 integrated the medical insurance of
urban residents with the new rural integration into urban and
rural residents’ medical insurance. Consequently, we extract from
2013 to 2015 CHFS microdata the two variables of whether to
participate in urban residents’ medical insurance and whether
to participate in the new rural cooperative. If one of the two
values is 1, then the virtual variable “whether to participate in
urban and rural residents” medical insurance’ is assigned a value
of 1. Additionally, we extracted from the 2017 CHFS microdata
the three variables of whether to participate in urban residents’
medical insurance, whether to participate in NCMS, and whether
to participate in urban and rural residents’ medical insurance as
the core explanatory variables.

3. Risk attitude, which affects the probability and proportion
of households holding financial assets, is selected as the
intermediary variable to test the intermediary effect. We use
the answer to the following question in the CHFS survey
questionnaire: “Suppose there are two lottery tickets for you to

choose from; if you choose the first one, you have a 100% chance
to get 4,000 yuan; if you choose the second one, you have a 50%
chance to get 10,000 yuan and 50% chance to get nothing. Which
one would you like to choose as an indicator of risk attitude?”
The risk attitude index of the families who choose “the first one”
is 1, and that of the families who choose “the second one” is 0. In
this way, risk attitude = 0 indicates risk preference, and 1 means
risk aversion.

4. Other control variables: demographic variables and family
economic situation will also affect the allocation of family
financial assets; thus, the demographic variables selected in
this study include age, sex, marital status, resident education
level, and family structure (including the total family population
and whether there are children). In addition, given that China
has a vast territory and there are great cultural and economic
differences among provinces, we also control for the fixed effect
of provinces.

Description of Data Validity Processing
Considering themulti-selection of CHFS questionnaire data used
in this study and different annual policies, we address the original
data as follows:

1. For family data: only tracking samples from 2015 to 2017
data starting in 2013 are retained, and non-tracking samples
are deleted.

2. For the variable of whether to participate in urban and rural
residents’ medical insurance: In 2016, the State Council put
forward “opinions on integrating the basic medical insurance
system of urban and rural residents,” requiring that urban
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TABLE 4 | Intermediary effect regression (risk-free assets).

Explanatory variable Risk-free assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdrfa

Fixed rat depends on

hdrfa

The influence of rat

on the proprfa

Fixed rat to look

at the proprfa

Part 1: Medical insurance for urban and rural residents

hdins 0.0217

(0.0195)

0.0170

(0.0298)

−0.0349***

(0.0033)

Rat −0.0106

(0.0328)

−0.0107

(0.0328)

0.0065*

(0.0035)

0.0067*

(0.0035)

Pri-hi −0.0937**

(0.0470)

0.0616

(0.0830)

0.0619

(0.0830)

0.0223***

(0.0057)

0.0222***

(0.0057)

Bro-sis 0.0131***

(0.0045)

−0.0133*

(0.0074)

−0.0134*

(0.0074)

0.0003

(0.0009)

0.0004

(0.0009)

gender −0.1260***

(0.0230)

0.0536

(0.0354)

0.0529

(0.0353)

−0.0087**

(0.0036)

−0.0075**

(0.0036)

age 0.0041***

(0.0013)

−0.0048***

(0.0017)

−0.00480***

(0.0017)

0.0009***

(0.0002)

0.0008***

(0.0002)

Pri-jun edu 0.0001

(0.0572)

−0.0193

(0.0753)

−0.0222

(0.0754)

−0.0802***

(0.0098)

−0.0735***

(0.0098)

Hi-co edu −0.1010

(0.0818)

−0.1340

(0.1160)

−0.1350

(0.1160)

−0.0614***

(0.0137)

−0.0579***

(0.0137)

Ba edu −0.0999

(0.1060)

−0.3710**

(0.1610)

−0.3700**

(0.1610)

−0.0424**

(0.0175)

−0.0406**

(0.0175)

Y-edu 0.0097

(0.0069)

0.0258***

(0.0100)

0.0261***

(0.0100)

0.0013

(0.0011)

0.0004

(0.0011)

La −0.0162

(0.0209)

−0.1280***

(0.0301)

−0.1300***

(0.0303)

0.0087***

(0.0031)

0.0126***

(0.0032)

M 0.1550***

(0.0417)

0.1020

(0.0708)

0.1000

(0.0708)

−0.0163*

(0.0084)

−0.0158*

(0.0084)

D-w 0.0781

(0.0501)

0.0781

(0.0791)

0.0769

(0.0791)

−0.0315***

(0.0098)

−0.0312***

(0.0097)

Wco 0.0070

(0.0307)

0.0061

(0.0349)

0.0049

(0.0351)

−0.0171***

(0.0040)

−0.0149***

(0.0040)

Hs 0.0314***

(0.0077)

−0.0193*

(0.0117)

−0.0196*

(0.0117)

−0.0083***

(0.0013)

−0.0080***

(0.0013)

Me-log 0.0015

(0.0027)

0.0094**

(0.0039)

0.0095**

(0.0039)

−0.0019***

(0.0004)

−0.0020***

(0.0004)

Me −0.0001

(0.0001)

−0.0001***

(0.0001)

−0.0001***

(0.0001)

0.0001***

(0.0001)

0.0001***

(0.0001)

In-log −0.0087**

(0.0044)

0.0376***

(0.0057)

0.0378***

(0.0057)

0.0036***

(0.0009)

0.0027***

(0.0009)

As-log −0.0137***

(0.0031)

0.1750***

(0.0050)

0.1750***

(0.0050)

−0.1390***

(0.0011)

−0.1400***

(0.0011)

Fn 0.0048

(0.0052)

−0.0249***

(0.0071)

−0.0253***

(0.0072)

−0.0005

(0.0009)

0.0007

(0.0009)

Fa-ag 0.0055***

(0.0012)

−0.0007

(0.0015)

−0.0007

(0.0015)

−0.0001

(0.0002)

−0.0001

(0.0002)

Fpropm −0.1600***

(0.0439)

−0.1400**

(0.0638)

−0.1410**

(0.0638)

0.0115

(0.0074)

0.0130*

(0.0074)

Fpropp 0.0137

(0.0294)

0.0673

(0.0420)

0.0674

(0.0420)

−0.0168***

(0.0052)

−0.0190***

(0.0052)

Fpropw −0.0794**

(0.0361)

0.0020

(0.0479)

−0.0008

(0.0481)

−0.0110**

(0.0053)

−0.0049

(0.0054)

(Continued)
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TABLE 4 | Continued

Explanatory variable Risk-free assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdrfa

Fixed rat depends on

hdrfa

The influence of rat

on the proprfa

Fixed rat to look

at the proprfa

Fpropr 0.0331

(0.0332)

0.0733

(0.0446)

0.0741*

(0.0447)

0.0135**

(0.0053)

0.0117**

(0.0053)

Fay-edu −0.0082**

(0.0042)

0.0209***

(0.0059)

0.0212***

(0.0059)

0.0021***

(0.0007)

0.0014**

(0.0007)

De-log −0.0024

(0.0016)

−0.0293***

(0.0025)

−0.0293***

(0.0025)

−0.0011***

(0.0003)

−0.0011***

(0.0003)

Part 2: Medical insurance for urban residents

hdins-urban −0.0459

(0.0300)

−0.0189

(0.0421)

0.0019

(0.0041)

Rat 0.0514

(0.0442)

0.0511

(0.0442)

−0.0072*

(0.0041)

−0.0072*

(0.0041)

Pri-hi −0.0753

(0.0514)

0.00189

(0.0907)

0.00152

(0.0907)

0.0260***

(0.00614)

0.0261***

(0.00615)

Bro-sis 0.0231***

(0.0059)

−0.0125

(0.0107)

−0.0125

(0.0107)

0.0002

(0.0010)

0.0002

(0.0010)

gender −0.159***

(0.0266)

0.0590

(0.0433)

0.0582

(0.0434)

−0.0082**

(0.0040)

−0.0082**

(0.0040)

age 0.0043***

(0.0016)

−0.0042

(0.0026)

−0.0042

(0.0026)

0.0013***

(0.0002)

0.0013***

(0.0002)

Pri-jun edu 0.0271

(0.0837)

0.0549

(0.1150)

0.0568

(0.1150)

−0.1100***

(0.0140)

−0.1110***

(0.0141)

Hi-co edu −0.0673

(0.1120)

−0.0806

(0.1660)

−0.0792

(0.1660)

−0.0777***

(0.0181)

−0.0781***

(0.0181)

Ba edu −0.0439

(0.1410)

−0.3060

(0.2230)

−0.3060

(0.2230)

−0.0401*

(0.0223)

−0.0403*

(0.0223)

Y-edu 0.0071

(0.0090)

0.0268*

(0.0144)

0.0265*

(0.0143)

−0.0010

(0.0014)

−0.0009

(0.0014)

La −0.0169

(0.0240)

−0.0987***

(0.0373)

−0.0946**

(0.0384)

0.0135***

(0.0037)

0.0132***

(0.0038)

M 0.1480***

(0.0485)

0.0807

(0.0946)

0.0813

(0.0946)

−0.0098

(0.0091)

−0.0098

(0.0091)

D–w 0.0428

(0.0597)

0.0631

(0.1060)

0.0637

(0.1060)

−0.0283***

(0.0108)

−0.0284***

(0.0108)

Wco −0.0043

(0.0380)

0.0874*

(0.0515)

0.0876*

(0.0514)

−0.0305***

(0.0050)

−0.0305***

(0.0050)

Hs 0.0408***

(0.0097)

−0.0176

(0.0167)

−0.0175

(0.0167)

−0.0043***

(0.0016)

−0.0044***

(0.0016)

Me–log 0.0019

(0.0034)

0.0092*

(0.0055)

0.0092*

(0.0055)

−0.0022***

(0.0005)

−0.0022***

(0.0005)

Me 0.0001

(0.0001)

−0.0001

(0.0001)

−0.0001

(0.0001)

0.0001***

(0.0001)

0.0001***

(0.0001)

In-log −0.0061

(0.0053)

0.0272***

(0.0077)

0.0270***

(0.0078)

0.0028***

(0.0010)

0.0028***

(0.0010)

As-log −0.0170***

(0.0041)

0.1530***

(0.0071)

0.1530***

(0.0071)

−0.1560***

(0.0014)

−0.1560***

(0.0014)

Fn 0.0183**

(0.0074)

−0.0226**

(0.0113)

−0.0226**

(0.0113)

0.0018

(0.0012)

0.0018

(0.0012)

Fa-ag 0.0060***

(0.0015)

−0.0024

(0.0021)

−0.0024

(0.0021)

0.0006***

(0.0002)

0.0006***

(0.0002)

(Continued)
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TABLE 4 | Continued

Explanatory variable Risk-free assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdrfa

Fixed rat depends on

hdrfa

The influence of rat

on the proprfa

Fixed rat to look

at the proprfa

Fpropm −0.1420***

(0.0526)

−0.1370

(0.0847)

−0.1370

(0.0848)

0.0219**

(0.0086)

0.0219**

(0.0086)

Fpropp 0.0222

(0.0378)

0.1150*

(0.0595)

0.1140*

(0.0595)

−0.0448***

(0.0063)

−0.0447***

(0.0063)

Fpropw −0.0744

(0.0463)

0.0015

(0.0698)

0.0003

(0.0699)

0.0066

(0.0063)

0.0067

(0.0063)

Fpropr 0.0653

(0.0425)

0.0948

(0.0633)

0.0947

(0.0634)

0.0094

(0.0064)

0.0094

(0.0064)

Fay-edu −0.0088

(0.0054)

0.0144*

(0.0086)

0.0144*

(0.0086)

0.0006

(0.0008)

0.0006

(0.0008)

De-log −0.0024

(0.0020)

−0.0233***

(0.0036)

−0.0233***

(0.0036)

−0.0012***

(0.0003)

−0.0012***

(0.0003)

Part 3: New rural cooperative medical

hdins-rural 0.0506

(0.0418)

0.1400***

(0.0522)

−0.0458***

(0.0077)

Rat −0.0763

(0.0473)

−0.0777

(0.0473)

0.0200***

(0.0068)

0.0202***

(0.0068)

Pri-hi −0.1980

(0.1280)

0.2110 (0.172) 0.2120

(0.1720)

0.0361**

(0.0157)

0.0362**

(0.0157)

Bro-sis −0.0048

(0.0069)

−0.0121

(0.0103)

−0.0120

(0.0103)

0.0012

(0.0015)

0.0012

(0.0016)

Gender −0.0027

(0.0492)

0.0813

(0.0596)

0.0762

(0.0595)

−0.0048

(0.0086)

−0.00344

(0.0086)

age 0.0027

(0.0019)

−0.0046**

(0.0023)

−0.0046**

(0.0023)

0.0009***

(0.0003)

0.0008***

(0.0003)

Pri-jun edu −0.0539

(0.0823)

−0.0138

(0.1030)

−0.0197

(0.1030)

−0.0690***

(0.0148)

−0.0668***

(0.0148)

Hi-co edu −0.1300

(0.1280)

−0.0845

(0.1680)

−0.0839

(0.1680)

−0.0804***

(0.0227)

−0.0810***

(0.0227)

Ba edu −0.3960

(0.2920)

−0.1110

(0.4080)

−0.0668

(0.4040)

−0.0924*

(0.0480)

−0.1100**

(0.0481)

Y-edu 0.0113

(0.0110)

0.0176

(0.0139)

0.0182

(0.0139)

0.0055***

(0.0019)

0.0053***

(0.0019)

La −0.0670

(0.0517)

−0.2000***

(0.0708)

−0.2090***

(0.0697)

0.0248***

(0.0093)

0.0280***

(0.0093)

M 0.0507

(0.0939)

0.1190

(0.1080)

0.1030

(0.1080)

−0.0360*

(0.0200)

−0.0317

(0.0200)

D-w 0.0667 (0.104) 0.0716 (0.119) 0.0571 (0.119) −0.0401*

(0.0218)

−0.0359*

(0.0218)

Wco 0.0607

(0.0529)

−0.0671

(0.0494)

−0.0717

(0.0495)

−0.0034

(0.0073)

−0.0013

(0.0073)

Hs 0.0196

(0.0126)

−0.0140

(0.0163)

−0.0153

(0.0163)

−0.0119***

(0.0023)

−0.0116***

(0.0023)

Me-log −0.0005

(0.0044)

0.0108*

(0.0057)

0.0107*

(0.0057)

−0.0021**

(0.0009)

−0.0021**

(0.0007)

Me −0.0002**

(0.0001)

−0.0001**

(0.0001)

−0.0001**

(0.0001)

0.0001**

(0.0001)

0.0001**

(0.0001)

In-log −0.0214***

(0.0081)

0.0509***

(0.0089)

0.0506***

(0.0089)

0.0032**

(0.0016)

0.0032**

(0.0016)

(Continued)
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TABLE 4 | Continued

Explanatory variable Risk-free assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdrfa

Fixed rat depends on

hdrfa

The influence of rat

on the proprfa

Fixed rat to look

at the proprfa

As-log −0.0121**

(0.0049)

0.1980***

(0.0073)

0.1980***

(0.0073)

−0.1170***

(0.0022)

−0.1170***

(0.0022)

Fn −0.0091

(0.0072)

−0.0180*

(0.0096)

−0.0185*

(0.0096)

−0.0019

(0.0014)

−0.0017

(0.0014)

Fa-ag 0.0032*

(0.0018)

0.0022

(0.0020)

0.0023

(0.0020)

−0.0005

(0.0003)

−0.0005

(0.0003)

Fpropm −0.2410***

(0.0831)

−0.1220

(0.0970)

−0.1180

(0.0969)

−0.0035

(0.0141)

−0.0038

(0.0141)

Fpropp 0.0267

(0.0493)

0.0308

(0.0603)

0.0243

(0.0603)

0.0097

(0.0096)

0.0111

(0.0095)

Fpropw −0.0057

(0.0615)

0.1000

(0.0705)

0.0912

(0.0705)

0.0026

(0.0108)

0.0054

(0.0108)

Fpropr −0.0021

(0.0548)

0.0553

(0.0632)

0.0578

(0.0632)

−0.0003

(0.0094)

−0.0014

(0.0094)

Fay-edu −0.0078

(0.0070)

0.0209**

(0.0085)

0.0211**

(0.0085)

0.0003

(0.0012)

0.0002

(0.0012)

De-log −0.00174

(0.0028)

−0.0348***

(0.0036)

−0.0348***

(0.0036)

−0.000454

(0.0005)

−0.000525

(0.0005)

Standard errors in parentheses. *p < 0.1, **p < 0.05, ***p < 0.01.

and rural residents’ medical insurance should cover all urban
residents’ medical insurance and all new rural residents.
Therefore, the variable of “participating in urban and rural
residents” medical insurance’ in this paper is integrated in the
following ways. For the question, “which medical insurance
do you currently have?” in the 2013 CHFS questionnaire,
we combined the data of “basic medical insurance for urban
residents” and “new rural cooperative medical insurance”
as “participating in medical insurance for urban and rural
residents.” This is because “vigorously promoting medical
insurance for urban and rural residents” was proposed by the
State Council on May 18, 2013, and then there is no option
of “Basic Medical Insurance for Urban and Rural Residents”
in the 2013 questionnaire. In the questionnaire for 2015 and
2017, we combine the data of “basic medical insurance for
urban residents,” “new rural cooperative medical insurance,”
and “Basic Medical Insurance for Urban and Rural Residents”
as “participating in medical insurance for urban and
rural residents.”

3. For family size variable: if the respondent is still one of
the family members, then we add one to the number of
family members other than the respondent and record it as
“family number.”

4. For education level variable, we merge “primary school” and
“junior high school” and record them as “primary or junior
high school diploma.” We merge “high school,” “technical
secondary school/vocational high school” and “college/higher
vocational education” and record them as “high school or

college.” We merge “undergraduate degree,” “master’s degree,”
and “doctoral degree” and record them as “undergraduate
degree or above.”

5. For household asset variables, “liquidity assets,” “fixed assets,”
and “financial investment” are merged and recorded as
“household assets.”

6. For risk attitude variables: In the 2013, 2015, and 2017 CHFS
questionnaire, we use the answer to the lottery question above
as an indicator of risk attitude. The risk attitude of the families
who choose “the first one” is recorded as risk aversion and the
opposite is risk preference.

7. For missing values, if the variable data of current assets,
fixed assets, and financial investment variables are missing,
the corresponding value is 0. If the sex and age of the
sample are missing and the household income is negative, then
there are missing answers or obvious logical errors in these
questionnaires, and we delete them.

Table 1 is the descriptive statistical results of all variables which
undergo descriptive regression after selection and cleaning.

RESULTS

Benchmark Empirical Model
Table 2 reports the benchmark regression results of the Heckman
two-step model. During the experiment process, we add the
time dummy variable and province variable for the core control
variables in the regression. Column (1) indicates that the impact
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TABLE 5 | Benchmark regression (replacing definitions of financial assets).

Explanatory variable Risk assets/Risk-free assets Risk assets/Risk-free assets Risk assets/Risk-free assets

hdra propra hdra propra hdra propra

(1) (2) (3) (4) (5) (6)

Part 1: Risk assets

hdins −0.1170***

(0.0245)

−0.0160***

(0.0020)

hdins urban 0.0203

(0.0306)

−0.0010

(0.0025)

hdins-rural −0.0027

(0.0599)

−0.0044*

(0.0026)

Pri-hi 0.6020***

(0.0437)

0.0472***

(0.0061)

0.6510***

(0.0488)

0.0388***

(0.0071)

0.3240***

(0.1080)

0.0482***

(0.0104)

Bro-sis 0.0191***

(0.0062)

0.0007

(0.0004)

0.0156**

(0.0072)

−0.0002

(0.0006)

0.0231*

(0.0127)

0.0030***

(0.0007)

gender 0.0122

(0.0279)

−0.0004

(0.0023)

0.0226

(0.0305)

0.0001

(0.0028)

0.0127

(0.0748)

0.0010

(0.0028)

age −0.0083***

(0.0015)

−0.006***

(0.0001)

−0.0057***

(0.0018)

−0.0002

(0.0002)

−0.0109***

(0.0027)

−0.00174***

(0.0003)

Pri-jun edu −0.128

(0.0870)

−0.0249***

(0.0042)

−0.1830

(0.1180)

−0.0345***

(0.0066)

−0.0149

(0.136)

−0.0056

(0.0042)

Hi-co edu −0.0467

(0.1150)

−0.0161**

(0.0066)

−0.0919

(0.1490)

−0.0302***

(0.0098)

−0.0225

(0.196)

−0.0051

(0.0071)

Ba edu −0.1370

(0.1450)

0.0001

(0.0095)

−0.2140

(0.1820)

−0.0175

(0.0134)

−0.1320

(0.4410)

0.0368

(0.0422)

Y-edu 0.0438***

(0.0089)

0.0040***

(0.0007)

0.0565***

(0.0108)

0.0046***

(0.0010)

0.0220

(0.0159)

0.00317***

(0.0008)

La 0.0655***

(0.0220)

0.0187***

(0.0021)

0.0524**

(0.0262)

0.0113***

(0.0026)

0.0909

(0.0699)

0.0178***

(0.0044)

M 0.0845

(0.0602)

−0.0009

(0.0052)

0.1220*

(0.0652)

−0.0004

(0.0065)

−0.2140

(0.1510)

−0.0351***

(0.0090)

D-w 0.0963

(0.0721)

−0.0027

(0.0057)

0.1070

(0.0793)

−0.0057

(0.0072)

−0.1130

(0.1720)

−0.0188**

(0.0080)

Wco 0.0897***

(0.0316)

−0.0008

(0.0021)

0.0874**

(0.0371)

−0.0042

(0.0030)

0.1700***

(0.0654)

0.0227***

(0.0044)

Hs −0.0440***

(0.0100)

−0.0012

(0.0008)

−0.0296**

(0.0118)

−0.00030

(0.0010)

−0.0746***

(0.0186)

−0.0096***

(0.0018)

Me-log 0.0053

(0.0033)

0.0001

(0.0002)

0.0049

(0.0037)

0.0001

(0.0003)

0.0092

(0.0072)

0.0017***

(0.0003)

Me −0.0001

(0.0001)

−3.30e−08

(3.86e−08)

−0.0001

(0.0001)

−3.33e−08

(4.90e−08)

−0.0001

(0.0001)

−0.0001***

(6.87e−08)

In-log 0.1290***

(0.0097)

0.0063***

(0.0013)

0.1240***

(0.0109)

0.0029*

(0.0015)

0.1360***

(0.0207)

0.0193***

(0.0033)

As-log 0.2900***

(0.0064)

0.0111***

(0.0028)

0.2820***

(0.0072)

0.0026

(0.0032)

0.3010***

(0.0137)

0.0405***

(0.00720)

Fn −0.0578***

(0.0076)

−0.0052***

(0.0007)

−0.0635***

(0.0092)

−0.0050***

(0.0010)

−0.0364***

(0.0136)

−0.0061***

(0.0010)

Fa-ag −0.0109***

(0.0013)

−0.0005***

(0.0001)

−0.0117***

(0.0016)

−0.0003

(0.0002)

−0.0070***

(0.0026)

−0.0010***

(0.0002)

Fpropm 0.0629

(0.0566)

0.0011

(0.0042)

0.0532

(0.0634)

−0.0043

(0.0056)

0.1180

(0.1270)

0.0206***

(0.0052)

Fpropp 0.0650

(0.0401)

0.0137***

(0.0022=)

0.1010**

(0.0461)

0.0118***

(0.0034)

−0.1180

(0.0924)

−0.0135***

(0.0033)

Fpropw −0.2100***

(0.0401)

−0.0043

(0.0032)

−0.2090***

(0.0466)

−0.0007

(0.0041)

−0.1060

(0.0943)

−0.0121***

(0.0034)

Fpropr −0.0453

(0.0418)

−0.0048*

(0.0028)

−0.0852*

(0.0481)

−0.0065

(0.0040)

0.0869

(0.0956)

0.0169***

(0.0031)

(Continued)
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TABLE 5 | Continued

Explanatory variable Risk assets/Risk-free assets Risk assets/Risk-free assets Risk assets/Risk-free assets

hdra propra hdra propra hdra propra

(1) (2) (3) (4) (5) (6)

Fay-edu 0.0421***

(0.0049)

0.0011**

(0.0005)

0.0404***

(0.0058)

−0.0001

(0.0007)

0.0371***

(0.0102)

0.0050***

(0.0010)

De-log −0.0103***

(0.0020)

−0.0013***

(0.0002)

−0.0062***

(0.0023)

−0.0013***

(0.0002)

−0.0219***

(0.0041)

−0.0032***

(0.0005)

Part 2: Risk-free assets

hdins 0.0192

(0.0294)

−0.0310***

(0.0030)

hdins urban −0.0091

(0.0414)

−0.0073**

(0.0037)

hdins-rural 0.1560***

(0.0506)

−0.0120*

(0.0067)

Pri-hi 0.0727

(0.0827)

0.0340***

(0.0057)

0.0077

(0.0908)

0.0301***

(0.0060)

0.2190

(0.1710)

0.0679***

(0.0156)

Bro-sis −0.0154**

(0.0073)

0.0003

(0.0007)

−0.0140

(0.0105)

−0.0003

(0.0009)

−0.0134

(0.0102)

0.0008

(0.0013)

gender 0.0489

(0.0350)

0.0035

(0.0033)

0.0481

(0.0432)

0.0043

(0.0037)

0.0837

(0.0588)

0.0176**

(0.0074)

age −0.0053***

(0.0017)

0.0005***

(0.0002)

−0.0046*

(0.0025)

0.0007***

(0.0002)

−0.0049**

(0.0022)

0.0003

(0.0003)

Pri-jun edu −0.1370

(0.1140)

−0.0316***

(0.0121)

−0.0866

(0.1640)

−0.0253

(0.0159)

−0.0957

(0.1660)

−0.0581***

(0.0197)

Hi-co edu −0.3790**

(0.1590)

−0.0432***

(0.0157)

−0.3280

(0.2200)

−0.01580

(0.01990)

−0.0491

(0.4010)

−0.0988**

(0.0465)

Ba edu −0.3790**

(0.1590)

−0.0432***

(0.0157)

−0.3280

(0.2200)

−0.0158

(0.0199)

−0.0491

(0.4010)

−0.0988**

(0.0465)

Y-edu 0.0271***

(0.0099)

0.00339***

(0.00109)

0.0283**

(0.0142)

0.0018

(0.0013)

0.0185

(0.0138)

0.0068***

(0.0017)

La −0.1280***

(0.0296)

−0.0268***

(0.0029)

−0.0956**

(0.0380)

−0.0102***

(0.0036)

−0.1910***

(0.0657)

−0.0130*

(0.0076)

M 0.0996

(0.0700)

0.0178**

(0.0073)

0.0995

(0.0932)

0.0153*

(0.0083)

0.0838

(0.1060)

0.0086

(0.0154)

D-w 0.0789

(0.0781)

−0.0054

(0.0084)

0.0757

(0.1040)

−0.0070

(0.0096)

0.0510

(0.1180)

−0.0178

(0.0170)

Wco 0.0122

(0.0346)

−0.0129***

(0.0036)

0.0969*

(0.0510)

−0.0132***

(0.0045)

−0.0638

(0.0488)

−0.0109*

(0.0062)

Hs −0.0194*

(0.0116)

−0.0170***

(0.0012)

−0.0146

(0.0164)

−0.0109***

(0.0014)

−0.0170

(0.0161)

−0.0229***

(0.0020)

Me-log 0.0091**

(0.0038)

−0.0007*

(0.0004)

0.0086

(0.0054)

−0.0006

(0.0005)

0.0104*

(0.0057)

−0.0004

(0.0007)

Me −0.0001***

(0.0001)

0.0001***

(7.53e−08)

−0.0001

(0.0001)

0.0001***

(9.05e-08)

−0.0001**

(0.0001)

−0.0001

(0.0001)

In-log 0.0379***

(0.0056)

0.0147***

(0.0008)

0.0274***

(0.0078)

0.0122***

(0.00039)

0.0506***

(0.0087)

0.0215***

(0.0014)

As-log 0.1780***

(0.0050)

−0.1360***

(0.0009)

0.1580***

(0.0069)

−0.1460***

(0.0012)

0.1990***

(0.0072)

−0.1140***

(0.0020)

Fn −0.0248***

(0.0071)

−0.0015*

(0.0008)

−0.0250**

(0.0112)

−0.0002

(0.0011)

−0.0157*

(0.0094)

−0.0038***

(0.0012)

Fa-ag −0.0003

(0.0014)

−0.0005***

(0.000152)

−0.0022

(0.0021)

−0.0001

(0.0002)

0.0029

(0.0020)

−0.0005**

(0.0002)

Fpropm −0.1330**

(0.0630)

−0.0016

(0.0066)

−0.1280

(0.0840)

0.0092

(0.0077)

−0.1150

(0.0953)

−0.0185

(0.0122)

Fpropp 0.0660

(0.0413)

−0.0115**

(0.0046)

0.1160**

(0.0589)

−0.0211***

(0.0056)

0.0159

(0.0588)

0.0138*

(0.0081)

(Continued)
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TABLE 5 | Continued

Explanatory variable Risk assets/Risk-free assets Risk assets/Risk-free assets Risk assets/Risk-free assets

hdra propra hdra propra hdra propra

(1) (2) (3) (4) (5) (6)

Fpropw −0.0106

(0.0475)

−0.0196***

(0.0047)

−0.0079

(0.0692)

−0.0082

(0.0057)

0.0746

(0.0695)

0.0048

(0.0088)

Fpropr 0.0693

(0.0440)

0.0197***

(0.0047)

0.0870

(0.0625)

0.0203***

(0.0058)

0.0543

(0.0623)

0.0030

(0.0081)

Fay-edu 0.0205***

(0.0059)

0.0069***

(0.0006)

0.0127

(0.0085)

0.0051***

(0.0007)

0.0209**

(0.0085)

0.0067***

(0.0010)

De-log −0.0293***

(0.0025)

−0.0044***

(0.0002)

−0.0230***

(0.0035)

−0.0041***

(0.0003)

−0.0353***

(0.0035)

−0.0057***

(0.0005)

Standard errors in parentheses. *p < 0.1, ** p < 0.05, ***p < 0.01.

of participation in urban and rural residents’ medical insurance
on whether households hold risky assets is significant at the
1% confidence level. Households with urban and rural residents’
medical insurance are 12.1% less likely to hold risky assets
than those without medical insurance, which indicates that the
allocation of medical insurance for urban and rural residents has
a significant negative impact on household risky financial assets,
whereas the allocation of medical insurance for urban residents
and NCMS have a positive but less significant impact. In Column
(2), the effect of holding urban and rural residents’ medical
insurance on the proportion of risk assets held by families is
significant at the 1% confidence level; that is, holding urban and
rural residents’ medical insurance has a certain impact on the
decline of the proportion of household risky assets. Further, the
impact of the allocation of urban residents’ medical insurance
and NCMS is similar. Columns (3) and (4) reveal the regression
results from the perspective of risk-free assets; the allocation of
urban and rural basic medical insurance has a certain positive
impact on the probability of family holding risk-free assets but
has a certain negative impact on the proportion. Therefore, at
present, urban and rural basic medical insurance has a certain
asset substitution effect on household financial investment and
preventive savings, which is consistent with the theory put
forward by (21).

Intermediary Effect Test
The practice of allocating basic medical insurance in urban and
rural areas may increase residents’ perception of risk, make
families more cautious in allocating risky financial assets, and
thus reduce the probability and proportion of holding risky assets
such as stocks (37, 38). Therefore, based on the benchmark
regression model, we further explore the intermediate variables
of the impact of urban and rural basic medical insurance
participation on the allocation of household financial assets.
To test the intermediary effect, we set whether families hold
risk assets and non-risk assets and the corresponding holding
ratio as the core explanatory variable; risk attitude as an
intermediary variable; and whether they participate in urban and
rural residents’ medical insurance, whether they participate in

urban and rural residents’ medical insurance, and whether they
participate in NCMS as the core explanatory variables.

As shown in Column (1) of Table 3, in urban and rural basic
medical insurance, the allocation of urban and rural residents’
medical insurance and NCMS will increase the degree of risk
aversion, which can be decreased by the allocation of urban
residents’ medical insurance, and also explains the results of the
benchmark regression model to a certain extent.

From the perspective of risk assets, by comparing the results
of (2), (4), (3), and (5), the coefficient of the core explanatory
variable “whether to participate in urban and rural basic medical
insurance” is still significant after introducing the intermediate
variable of risk attitude into the original regression equation;
however, its absolute value is slightly reduced, indicating that the
risk attitude plays an intermediary role.

From the perspective of risk-free assets (Table 4), by
comparing the results of (1), (3), (2), and (4), the coefficient of
the explanatory variable “whether to participate in urban and
rural basic medical insurance” is significant after the introduction
of intermediary variables; but the absolute value of the variable
increases slightly, indicating that the risk attitude plays a certain
intermediary role. The allocation of urban and rural residents’
medical insurance and NCMS has a certain negative effect on
the holding probability of family risk-free assets, whereas urban
residents’ medical insurance has a positive impact. For the
proportion of risk-free assets, the allocation of urban and rural
basic medical insurance generally has a certain positive effect,
which further verifies the dual role of asset substitution and the
retirement effect of urban and rural basic medical insurance as a
part of the social security system.

ROBUSTNESS TEST

Basic Regression Analysis
Risk assets are defined as stocks, loans, funds, derivatives,
Internet financial management, financial finance, non-RMB
assets, gold and other risk assets; while risk-free assets include
cash, bonds, demand deposits, and time deposits. We reframe
the categories of risk and risk-free assets for the robustness test;
that is, for risky assets, only stocks, bonds, funds, banks, and
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TABLE 6 | Intermediary effect regression (replacing definitions of financial assets, risk assets).

Explanatory variable Risk assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdra

Fixed rat depends on

hdra

The influence of rat

on the propra

Fixed rat to look at

the propra

Part 1: Medical insurance for urban and rural residents

hdins 0.0217

(0.0195)

−0.1160**

(0.0246)

−0.0161***

(0.0020)

Rat −0.1200**

(0.0249)

−0.1190**

(0.0249)

−0.0122***

(0.002)

−0.0120***

(0.0024)

Pri-hi −0.0937**

(0.0470)

0.5980**

(0.0438)

0.5980**

(0.0437)

0.0478***

(0.0062

0.0476***

(0.0062)

Bro-sis 0.0131***

(0.00447)

0.0202***

(0.0062)

0.0204***

(0.0062)

0.0008

(0.0005

0.00083*

(0.0005)

gender −0.1260**

(0.0230)

0.0019

(0.0280)

0.0064

(0.0280)

−0.0018

(0.0023

−0.0012

(0.0023)

age 0.0041**

(0.0013

−0.0075***

(0.0015)

−0.0078**

(0.0015

−0.0005***

(0.0001)

−0.0005***

(0.0001)

Pri-jun edu 0.0001

(0.0572)

−0.1300

(0.0877)

−0.1090

(0.0876)

−0.0264***

(0.0042)

−0.0232***

(0.0042)

Hi-co edu −0.101

(0.0818)

−0.0384

(0.1160)

−0.0269

(0.1160)

−0.0152**

(0.0066)

−0.0135**

(0.0066)

Ba edu −0.0999

(0.1060)

−0.1260

(0.1460)

−0.1180

(0.1460)

0.0022

(0.0096)

0.0030

(0.0095)

Y-edu 0.0097

(0.0069)

0.0467***

(0.0089)

0.0432***

(0.0089)

0.0044***

(0.0007)

0.0040***

(0.0007)

La −0.0162

(0.0209)

0.0620***

(0.0221)

0.0720***

(0.0222)

0.0177***

(0.002)

0.0193***

(0.0021)

M 0.1550***

(0.0417)

0.0825

(0.0608)

0.0809

(0.0606)

−0.0007

(0.0053)

−0.00059

(0.0053)

D-w 0.0781

(0.0501)

0.0908

(0.0726)

0.0884

(0.0725)

−0.0027

(0.0058)

−0.0027

(0.0057)

Wco 0.0070

(0.0307)

0.0845***

(0.0316)

0.0900***

(0.0317)

−0.0014

(0.0021)

−0.0004

(0.0021)

Hs 0.0314***

(0.0077)

−0.0439***

(0.0101)

−0.0440***

(0.0101)

−0.0015*

(0.0008)

−0.00135*

(0.0008)

Me-log 0.0015

(0.0027)

0.0058*

(0.0033)

0.0055*

(0.0033)

0.0002

(0.0002)

0.0002

(0.0002)

Me −0.0001

(0.0001)

−0.0001

(0.0001)

−0.0001

(0.0001)

−3.64e−08

(3.87e−08)

−3.71e−08

(3.87e−08)

In-log −0.0087**

(0.0044)

0.1310***

(0.0097)

0.1270***

(0.0097)

0.0070***

(0.0014)

0.0065***

(0.0013)

As-log −0.0137***

(0.0031)

0.2900***

(0.0065)

0.2880***

(0.0064)

0.01170***

(0.0029)

0.0114***

(0.0030)

Fn 0.0048

(0.0052)

−0.0609***

(0.0076)

−0.0566***

(0.0076)

−0.0058***

(0.0007)

−0.0052***

(0.0007)

Fa-ag 0.0055***

(0.0012)

−0.0111***

(0.0014)

−0.0108***

(0.0014)

−0.00053***

(0.0001)

−0.0005***

(0.0001)

Fpropm −0.1600***

(0.0439)

0.0608

(0.0571)

0.0653

(0.0570)

0.0009

(0.0042)

0.00155

(0.0042)

Fpropp 0.0137

(0.0294)

0.0865**

(0.0404)

0.0725*

(0.0404)

0.01530***

(0.0023)

0.0141***

(0.0023)

Fpropw −0.0794**

(0.0361)

−0.2330***

(0.0402)

−0.2180***

(0.0403)

−0.0082**

(0.0034)

−0.0054*

(0.0033)
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TABLE 6 | Continued

Explanatory variable Risk assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdra

Fixed rat depends on

hdra

The influence of rat

on the propra

Fixed rat to look at

the propra

Fpropr 0.0331

(0.0332)

−0.0328

(0.0420)

−0.0396

(0.0420)

−0.0044

(0.0027)

−0.0052*

(0.0027)

Fay-edu −0.0082**

(0.0042)

0.0432***

(0.0050)

0.0410***

(0.0050)

0.0015***

(0.0006)

0.00115**

(0.0005)

De-log −0.0024

(0.0016)

−0.0107***

(0.0020)

−0.0108***

(0.0020)

−0.0014***

(0.0002)

−0.00137***

(0.0002)

Part 2: Medical insurance for urban residents

hdins-urban −0.0459

(0.0300)

0.0138

(0.0308)

−0.0008

(0.0025)

Rat −0.1180***

(0.0281)

−0.1180***

(0.0281)

−0.0123***

(0.0031)

−0.0123***

(0.0030)

Pri-hi −0.0753

(0.0514)

0.6510***

(0.0488)

0.6510***

(0.0488)

0.0399***

(0.0072)

0.0398***

(0.0072)

Bro-sis 0.0231***

(0.0059)

0.0165**

(0.0072)

0.0166**

(0.0072)

−0.0001

(0.0006)

−0.0001

(0.0006)

gender −0.1590***

(0.0266)

0.0165

(0.0306)

0.0168

(0.0306)

−0.0006

(0.0028)

−0.0006

(0.0028)

age 0.0043***

(0.0016)

−0.0051***

(0.0018)

−0.0051***

(0.0018)

−0.0001

(0.0002)

−0.0001

(0.0002)

Pri-jun edu 0.0271

(0.0837)

−0.1550

(0.1190)

−0.1570

(0.1190)

−0.0336***

(0.0067)

−0.0336***

(0.0066)

Hi-co edu −0.0673

(0.1120)

−0.0587

(0.1500)

−0.0596

(0.1500)

−0.0283***

(0.0100)

−0.0282***

(0.0098)

Ba edu −0.0439

(0.1410)

−0.1750

(0.1830)

−0.1760

(0.1830)

−0.0152

(0.0134)

−0.0151

(0.0134)

Y-edu 0.0071

(0.0090)

0.0545***

(0.0108)

0.0548***

(0.0108)

0.0046***

(0.0010)

0.0046***

(0.0010)

La −0.0169

(0.0240)

0.0597**

(0.0259)

0.0573**

(0.0265)

0.0114***

(0.0026)

0.0115***

(0.0026)

M 0.1480***

(0.0485)

0.1120*

(0.0656)

0.1120*

(0.0656)

−0.0002

(0.0065)

−0.0002

(0.0065)

D-w 0.0428

(0.0597)

0.0947

(0.0797)

0.0950

(0.0797)

−0.0058

(0.0073)

−0.0058

(0.0073)

Wco −0.0043

(0.0380)

0.0871**

(0.0372)

0.0871**

(0.0372)

−0.0036

(0.0020)

−0.0037

(0.0030)

Hs 0.0408***

(0.0097)

−0.0301**

(0.0119)

−0.0301**

(0.0119)

−0.0004

(0.0010)

−0.0004

(0.0010)

Me-log 0.0019

(0.0034)

0.0051

(0.0037)

0.0051

(0.0038)

0.0001

(0.0003)

0.0001

(0.0003)

Me 0.000000654

(0.00000102)

−0.000000321

(0.000000680)

−0.000000318

(0.000000680)

−3.81e−08

(4.94e−08)

−3.82e−08

(4.94e−08)

In-log −0.0060

(0.0053)

0.1210***

(0.0108)

0.1210***

(0.0108)

0.0032**

(0.0015)

0.0032**

(0.0015)

As-log −0.0170***

(0.0040)

0.2800***

(0.0073)

0.2800***

(0.0073)

0.0032

(0.0032)

0.0032

(0.0032)

Fn 0.0183**

(0.0074)

−0.0601***

(0.0093)

−0.0602***

(0.0093)

−0.0050***

(0.0010)

−0.0050***

(0.0010)

Fa-ag 0.0060***

(0.0015)

−0.0117***

(0.0017)

−0.0117***

(0.0017)

−0.0003

(0.0002)

−0.0003

(0.0002)
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TABLE 6 | Continued

Explanatory variable Risk assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdra

Fixed rat depends on

hdra

The influence of rat

on the propra

Fixed rat to look at

the propra

Fpropm −0.1420***

(0.0526)

0.0560

(0.0638)

0.0558

(0.0638)

−0.0038

(0.0056)

−0.0038

(0.0056)

Fpropp 0.0222

(0.0378)

0.1110**

(0.0463)

0.1120**

(0.0464)

0.0128***

(0.0034)

0.0127***

(0.0034)

Fpropw −0.0744

(0.0463)

−0.2180***

(0.0468)

−0.2170***

(0.0468)

−0.0019

(0.0042)

−0.0020

(0.0042)

Fpropr 0.0653

(0.0425)

−0.0789

(0.0483)

−0.0789

(0.0483)

−0.0073*

(0.0040)

−0.0073*

(0.0040)

Fay-edu −0.0088

(0.0054)

0.0396***

(0.0059)

0.0396***

(0.0059)

0.0001

(0.0007)

0.0001

(0.0007)

De-log −0.0024

(0.0020)

−0.0066***

(0.0023)

−0.0066***

(0.0023)

−0.0013***

(0.0002)

−0.00133***

(0.0002)

Part 3: New rural cooperative medical

Hdins-rural 0.0506

(0.0418)

0.0130

(0.0596)

−0.00241

(0.00261)

Rat −0.1420***

(0.0544)

−0.1370**

(0.0539)

−0.0191***

(0.0040)

−0.0180***

(0.0040)

Pri-hi −0.198

(0.128)

0.310***

(0.107)

0.343***

(0.107)

0.0456***

(0.0101)

0.0483***

(0.0106)

Bro-sis −0.00479

(0.00693)

0.0239*

(0.0128)

0.0213*

(0.0127)

0.00321***

(0.000753)

0.0028***

(0.0007)

gender −0.00267

(0.0492)

0.00457

(0.0747)

−0.0188

(0.0746)

−0.000410

(0.0028)

−0.0031

(0.0028)

age 0.0027

(0.0019)

−0.0108***

(0.0027)

−0.0111***

(0.0027)

−0.0018***

(0.0003)

−0.0018***

(0.0003)

Pri-jun edu −0.0539

(0.0823)

−0.0193

(0.1360)

0.0012

(0.1360)

−0.0051

(0.0042)

−0.0024

(0.0042)

Hi-co edu −0.1300

(0.1280)

−0.0291

(0.1970)

−0.0249

(0.1950)

−0.0042

(0.0071)

−0.0036

(0.0071)

Ba edu −0.3960

(0.2920)

−0.1380

(0.4430)

−0.1370

(0.4410)

0.0402

(0.0430)

0.0396

(0.0430)

Y-edu 0.0113

(0.0110)

0.0235

(0.0159)

0.0226

(0.0158)

0.0033***

(0.0008)

0.0031***

(0.0008)

La −0.0670

(0.0517)

0.0945

(0.0706)

0.0819

(0.0700)

0.0187***

(0.0045)

0.0173***

(0.0043)

M 0.0507

(0.0939)

−0.1890

(0.1530)

−0.1720

(0.1530)

−0.0321***

(0.0087)

−0.0292***

(0.0085)

D-w 0.0667

(0.1040)

−0.1040

(0.1740)

−0.0985

(0.1740)

−0.0176**

(0.0080)

−0.0164**

(0.0080)

Wco 0.0607

(0.0529)

0.1810***

(0.0654)

0.1790***

(0.0648)

0.0247***

(0.0046)

0.0241***

(0.0045)

Hs 0.0196

(0.0126)

−0.0725***

(0.0188)

−0.0767***

(0.0186)

−0.0096***

(0.0017)

−0.0100***

(0.0018)

Me-log −0.0005

(0.0044)

0.0095

(0.0072)

0.0106

(0.0071)

0.0013***

(0.0003)

0.0014***

(0.0003)

Me −0.0001**

(0.0001)

−0.0001

(0.0001)

−0.0001

(0.0001)

−0.0001***

(6.94e−08)

−0.0001***

(6.99e−08)

In-log −0.0214***

(0.0080)

0.1360***

(0.0208)

0.1340***

(0.0204)

0.0196***

(0.0033)

0.0189***

(0.0032)
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TABLE 6 | Continued

Explanatory variable Risk assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdra

Fixed rat depends on

hdra

The influence of rat

on the propra

Fixed rat to look at

the propra

As-log −0.0121**

(0.0049)

0.3010***

(0.0139)

0.3010***

(0.0138)

0.0412***

(0.0072)

0.0403***

(0.0072)

Fn −0.0091

(0.0072)

−0.0401***

(0.0137)

−0.0376***

(0.0136)

−0.0067***

(0.0011)

−0.0063***

(0.0011)

Fa-ag 0.0032*

(0.0018)

−0.0071***

(0.0026)

−0.0071***

(0.0026)

−0.0010***

(0.0002)

−0.0010***

(0.0002)

Fpropm −0.2410***

(0.0831)

0.1240

(0.1280)

0.1180

(0.1270)

0.0220***

(0.0054)

0.0208***

(0.0053)

Fpropp 0.0267

(0.0493)

−0.1240

(0.0944)

−0.0677

(0.0932)

−0.0152***

(0.0034)

−0.0080***

(0.0024)

Fpropw −0.0057

(0.0615)

−0.1010

(0.0952)

−0.134

(0.0943)

−0.0118***

(0.00338)

−0.0154***

(0.0039)

Fpropr −0.00210

(0.0548)

0.101 (0.0966) 0.0711

(0.0954)

0.0192***

(0.00333)

0.0152***

(0.0029)

Fay-edu −0.00782

(0.00701)

0.0366***

(0.0103)

0.0378***

(0.0102)

0.00503***

(0.000951)

0.0050***

(0.0010)

De-log −0.0017

(0.0028)

−0.0224***

(0.0041)

−0.0216***

(0.0041)

−0.0034***

(0.0006)

−0.0032***

(0.0005)

Standard errors in parentheses. *p < 0.1, **p < 0.05, ***p < 0.01.

other major items are retained, and for risk-free assets, the bonds
are removed.

Column (1) in Table 5 shows that the probability of risk
assets held by families with urban and rural medical insurance
and urban medical insurance under the new definition increases
by 0.3 and 0.5%, respectively, compared with those without
corresponding insurance. Column (2) shows that under the new
definition, the proportion of risk assets held by households in
total assets remains basically unchanged regardless of whether the
insurance is allocated.

Columns (3) and (4) report that both the probability and
proportion of risk-free assets held by families with urban and
rural residents’ medical insurance, urban residents’ medical
insurance, and NCMS under the new definition are basically
stable compared to those without corresponding insurance
types, and the main coefficients are significant at the 5% level,
which is consistent with the symbol and size of the benchmark
regression results.

Intermediary Effects Tests
After adjusting the definition of financial assets, as shown in
Tables 6, 7, we perform a regression analysis with risk attitude
as the mediating variable to further investigate the robustness of
the model.

In Table 6, Column (1) reports the influence of urban
and rural basic medical insurance participation on family
risk attitude under the new definition, which shows that the
allocation of urban and rural residents’ medical insurance and

NCMS has a positive effect on risk attitude, and the allocation
of urban residents’ medical insurance has a negative impact
on risk attitude. The symbols and absolute values of the
main coefficient are in accordance with the original medium
effect model.

From the perspective of risky assets, we further explore
whether the results are still significant after introducing the
intermediate variable of risk attitude into the regression equation
under the framework of the new definition by comparing the
results of Columns (2) and (4) and Columns (3) and (5) listed
in Tables 3, 6. By comparing the results of the intermediary
effect and direct effect, we find that although the main coefficient
symbols and sizes are basically stable and the intermediary effect
produced by risk attitude still exists, the absolute value of the
intermediary effect and direct effect is slightly lower than that
of the original intermediary effect model, which indicates that
the intermediary effect of risk attitude has been weakened to a
certain extent.

From the perspective of risk-free assets, by comparing the
results of Columns (1) and (3) and Columns (2) and (4)
listed in Tables 4, 7, we find that under the new definition,
after the introduction of intermediary variables, the coefficient
significance of the explanatory variable “whether to participate
in urban and rural basic medical insurance” is basically
stable, and the main coefficient symbols remain unchanged—
all of which are significant at the 10% confidence level.
However, the main coefficient of individual insurance, such
as NCMS, decreases slightly, which indicates that the change
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TABLE 7 | Intermediary effect regression (replacing definitions of financial assets, risk-free assets).

Explanatory variable Risk-free assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdrfa

Fixed rat depends on

hdrfa

The influence of rat

on the proprfa

Fixed rat to look at

the proprfa

Part 1: Medical insurance for urban and rural residents

hdins 0.0217

(0.0195)

0.0173

(0.0298)

−0.0311***

(0.0030)

Rat −0.0085

(0.0328)

−0.0087

(0.0328)

0.0056*

(0.0031)

0.0058*

(0.0031)

Pri-hi −0.0937**

(0.0470)

0.0616

(0.0830)

0.0619

(0.0830)

0.0329***

(0.0057)

0.0328***

(0.0057)

Bro-sis 0.0131***

(0.0045)

−0.0137*

(0.0074)

−0.0137*

(0.0074)

0.0001

(0.0007)

0.0002

(0.0007)

gender −0.1260***

(0.0230)

0.0538

(0.0353)

0.0531

(0.0353)

0.0019

(0.0033)

0.0030

(0.0033)

age 0.0041***

(0.0013)

−0.0049***

(0.0017)

−0.0049***

(0.0017)

0.0005***

(0.0002)

0.0005***

(0.0002)

Pri-jun edu 0.0001

(0.0572)

−0.0194

(0.0752)

−0.0224

(0.0753)

−0.0354***

(0.0085)

−0.0295***

(0.0086)

Hi-co edu −0.1010

(0.0818)

−0.1320

(0.1160)

−0.1330

(0.1160)

−0.0333***

(0.0122)

−0.0303**

(0.0122)

Ba edu −0.0999

(0.1060)

−0.3680**

(0.1610)

−0.3660**

(0.1610)

−0.0465***

(0.0158)

−0.0448***

(0.0158)

Y-edu 0.0097

(0.0070)

0.0256**

(0.1000)

0.0259***

(0.0100)

0.0041***

(0.0010)

0.0033***

(0.0010)

La −0.0162

(0.0209)

−0.1280***

(0.0301)

−0.1300***

(0.0303)

−0.0292***

(0.0029)

−0.0256***

(0.0029)

M 0.1550***

(0.0417)

0.1030

(0.0708)

0.1020

(0.0708)

0.0156**

(0.0074)

0.0160**

(0.0074)

D-w 0.0781

(0.0501)

0.0776

(0.0790)

0.0764

(0.0790)

−0.0082

(0.0085)

−0.0080

(0.0085)

Wco 0.0070

(0.0307)

0.0054

(0.0349)

0.0041

(0.0350)

−0.0157***

(0.0036)

−0.0137***

(0.0036)

Hs 0.0314***

(0.0077)

−0.0191

(0.0117)

−0.0194*

(0.0117)

−0.0171***

(0.0012)

−0.0168***

(0.0012)

Me-log 0.0015

(0.0027)

0.0093**

(0.0039)

0.0093**

(0.0039)

−0.0006*

(0.0004)

−0.0007*

(0.0004)

Me −0.0001

(0.0001)

−0.0001***

(0.0001)

−0.0001***

(0.0001)

0.0001***

(7.61e−08)

0.0001***

(7.54e−08)

In-log −0.0087**

(0.0044)

0.0374***

(0.0057)

0.0377***

(0.0058)

0.0155***

(0.0008)

0.0146***

(0.0008)

As-log −0.0137***

(0.0031)

0.1750***

(0.0050)

0.1750***

(0.0050)

−0.1350***

(0.0010)

−0.1360***

(0.0009)

Fn 0.0048

(0.0052)

−0.0250***

(0.0071)

−0.0254***

(0.0072)

−0.0025***

(0.0008)

−0.0014*

(0.0008)

Fa-ag 0.0055***

(0.0012)

−0.0007

(0.0015)

−0.0007

(0.0015)

−0.0005***

(0.0002)

−0.0005***

(0.0002)

Fpropm −0.1600***

(0.0439)

−0.1370**

(0.0638)

−0.1370**

(0.0638)

−0.0035

(0.0066)

−0.0021

(0.0066)

Fpropp 0.0137

(0.0294)

0.0676

(0.0420)

0.0677

(0.0420)

−0.0110**

(0.0046)

−0.0130***

(0.0046)

Fpropw −0.0794**

(0.0361)

0.0023

(0.0478)

−0.0005

(0.0480)

−0.0247***

(0.0047)

−0.0193***

(0.0047)
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TABLE 7 | Continued

Explanatory variable Risk-free assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdrfa

Fixed rat depends on

hdrfa

The influence of rat

on the proprfa

Fixed rat to look at

the proprfa

Fpropr 0.0331

(0.0332)

0.0708

(0.0446)

0.0716

(0.0446)

0.0214***

(0.0048)

0.0197***

(0.0048)

Fay-edu −0.0082**

(0.0042)

0.0209***

(0.0059)

0.0212***

(0.0060)

0.0074***

(0.0006)

0.00673***

(0.0006)

De-log −0.0024

(0.0016)

−0.0293***

(0.0025)

−0.0293***

(0.0025)

−0.0044***

(0.0002)

−0.0044***

(0.0002)

Part 2: Medical insurance for urban residents

hdins-urban −0.0459

(0.0300)

−0.0186

(0.0420)

−0.0076**

(0.0037)

Rat 0.0559

(0.0442)

0.0555

(0.0442)

−0.0010

(0.00370)

−0.0011

(0.0037)

Pri-hi −0.0753

(0.0514)

0.0020

(0.0907)

0.0016

(0.0907)

0.0295***

(0.0060)

0.0294***

(0.0060)

Bro-sis 0.0231***

(0.0059)

−0.0131

(0.0106)

−0.0132

(0.0106)

−0.0005

(0.0009)

−0.0005

(0.0009)

gender −0.1590***

(0.0266)

0.0593

(0.0432)

0.0585

(0.0434)

0.0032

(0.0037)

0.0030

(0.0037)

age 0.0043***

(0.0016)

−0.0042

(0.0026)

−0.0042

(0.0026)

0.0008***

(0.0002)

0.00076***

(0.0002)

Pri-jun edu 0.0271

(0.0837)

0.0565

(0.1150)

0.0583

(0.1150)

−0.0410***

(0.0121)

−0.0403***

(0.0121)

Hi-co edu −0.0673

(0.1120)

−0.0746

(0.1660)

−0.0732

(0.1660)

−0.0264*

(0.0160)

−0.0258

(0.0160)

Ba edu −0.0439

(0.1410)

−0.2980

(0.2230)

−0.2970

(0.2230)

−0.0197

(0.0200)

−0.0192

(0.0200)

Y-edu 0.0071

(0.0090)

0.0263*

(0.0143)

0.0260*

(0.0143)

0.0019

(0.0013)

0.0018

(0.0013)

La −0.0169

(0.0240)

−0.0992***

(0.0373)

−0.0952**

(0.0384)

−0.0105***

(0.0035)

−0.0092***

(0.0036)

M 0.1480***

(0.0485)

0.0830

(0.0946)

0.0836

(0.0945)

0.0155*

(0.0083)

0.0155*

(0.0083)

D-w 0.0428

(0.0597)

0.0611

(0.1060)

0.0617

(0.1060)

−0.0086

(0.0097)

−0.0086

(0.0097)

Wco −0.0043

(0.0380)

0.0858*

(0.0515)

0.0860*

(0.0515)

−0.0132***

(0.0045)

−0.0132***

(0.0045)

Hs 0.0408***

(0.0097)

−0.0178

(0.0167)

−0.0176

(0.0166)

−0.0105***

(0.0014)

−0.0105***

(0.0014)

Me-log 0.00191

(0.0034)

0.0902*

(0.0547)

0.0090*

(0.0055)

−0.0006

(0.0005)

−0.0006

(0.0005)

Me 0.0001

(0.0001)

−0.0001

(0.0001)

−0.0001

(0.0001)

0.0001***

(9.38e−08)

0.0001***

(9.35e−08)

In-log −0.0061

(0.0053)

0.0273***

(0.0077)

0.0271***

(0.0078)

0.0122***

(0.0009)

0.0120***

(0.000890)

As-log −0.0170***

(0.0041)

0.1530***

(0.0070)

0.1530***

(0.0070)

−0.1460***

(0.0012)

−0.1460***

(0.00122)

Fn 0.0183**

(0.00738)

−0.0228**

(0.0113)

−0.0228**

(0.0113)

−0.00042

(0.0011)

−0.0004

(0.0011)

Fa-ag 0.00597***

(0.00151)

−0.0024

(0.0021)

−0.0024

(0.0021)

−0.0001

(0.0002)

−0.0001

(0.0002)
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TABLE 7 | Continued

Explanatory variable Risk-free assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdrfa

Fixed rat depends on

hdrfa

The influence of rat

on the proprfa

Fixed rat to look at

the proprfa

Fpropm −0.142***

(0.0526)

−0.132

(0.0847)

−0.1320

(0.0847)

0.0080

(0.0077)

0.0081

(0.0077)

Fpropp 0.0222

(0.0378)

0.113*

(0.0594)

0.112*

(0.0594)

−0.0208***

(0.00557)

−0.0212***

(0.0056)

Fpropw −0.0744

(0.0463)

0.00295

(0.0697)

0.00173

(0.0699)

−0.00756

(0.00570)

−0.0080

(0.0057)

Fpropr 0.0653

(0.0425)

0.0902

(0.0633)

0.0901

(0.0633)

0.0211***

(0.0059)

0.0210***

(0.0059)

Fay-edu −0.0088

(0.0054)

0.0142*

(0.0086)

0.0142*

(0.0086)

0.0050***

(0.0007)

0.0049***

(0.0007)

De-log −0.0024

(0.0020)

−0.0233***

(0.0036)

−0.0233***

(0.0036)

−0.0040***

(0.0003

−0.0040***

(0.0003)

Part 3: New rural cooperative medical

hdins-rural 0.0506

(0.0418)

0.1400***

(0.0522)

−0.0121*

(0.0067)

Rat −0.0772

(0.0473)

−0.0785*

(0.0473)

0.0068

(0.0057)

0.0069

(0.0057)

Pri-hi −0.1980

(0.1280)

0.2110

(0.1720)

0.2120

(0.1720)

0.0668***

(0.0158)

0.0669***

(0.0158)

Bro-sis −0.0048

(0.0070)

−0.0122

(0.0103)

−0.0121

(0.0103)

0.0007

(0.00128)

0.00075

(0.0013)

gender −0.0027

(0.0492)

0.0814

(0.0596)

0.0763

(0.0595)

0.0171**

(0.0074)

0.0175**

(0.0074)

age 0.0027

(0.0019)

−0.0046**

(0.0023)

−0.0046**

(0.0023)

0.0003

(0.0003)

0.0003

(0.0003)

Pri-jun edu −0.0539

(0.0823)

−0.0161

(0.1030)

−0.0219

(0.1030)

−0.0374***

(0.0127)

−0.0367***

(0.0127)

Hi-co edu −0.1300

(0.1280)

−0.0873

(0.1680)

−0.0867

(0.1680)

−0.0576***

(0.0199)

−0.0577***

(0.0199)

Ba edu −0.3960

(0.2920)

−0.1160

(0.4070)

−0.0714

(0.4040)

−0.0983**

(0.0468)

−0.1030**

(0.0469)

Y-edu 0.0113

(0.0110)

0.0176

(0.0139)

0.0183

(0.01390)

0.0070***

(0.0017)

0.0069***

(0.0017)

La −0.0670

(0.0517)

−0.2000***

(0.0708)

−0.2090***

(0.0697)

−0.0134*

(0.0079)

−0.0127

(0.0079)

M 0.0507

(0.0939)

0.1180

(0.1080)

0.1030

(0.1080)

0.0044

(0.0158)

0.0057

(0.0158)

D-w 0.0667

(0.1040)

0.07210

(0.1190)

0.0576

(0.1190)

−0.0224

(0.0173)

−0.0212

(0.0173)

Wco 0.0607

(0.0529)

−0.0673

(0.0494)

−0.0719

(0.0495)

−0.0125**

(0.0062)

−0.0120*

(0.0063)

Hs 0.0196

(0.0126)

−0.0135

(0.0162)

−0.0149

(0.0163)

−0.0229***

(0.0020)

−0.0228***

(0.0020)

Me-log −0.0005

(0.0044)

0.0107*

(0.0057)

0.0106*

(0.0057)

−0.0005

(0.0007)

−0.0005

(0.0007)

Me −0.0001**

(0.0001)

−0.0001**

(0.0001)

−0.0001**

(0.0001)

−0.0001

(0.0001)

−0.0001

(0.0001)

In-log −0.0214***

(0.0081)

0.0506***

(0.0089)

0.0503***

(0.0089)

0.0216***

(0.0014)

0.0216***

(0.0014)

(Continued)
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TABLE 7 | Continued

Explanatory variable Risk-free assets

(1) (2) (3) (4) (5)

Impact on rats Intermediate effect Direct effect Intermediate effect Direct effect

The impact of rat on

hdrfa

Fixed rat depends on

hdrfa

The influence of rat

on the proprfa

Fixed rat to look at

the proprfa

As-log −0.0121**

(0.0049)

0.1980***

(0.0073)

0.1980***

(0.0073)

−0.1140***

(0.0020)

−0.1140***

(0.0020)

Fn −0.0091

(0.0072)

−0.0180*

(0.0096)

−0.0185*

(0.0096)

−0.0038***

(0.0012)

−0.0037***

(0.0012)

Fa-ag 0.0032*

(0.0018)

0.0021

(0.0020)

0.0022

(0.0020)

−0.0006**

(0.0003)

−0.0006**

(0.0003)

Fpropm −0.2410***

(0.0831)

−0.1220

(0.0969)

−0.1180

(0.0969)

−0.0178

(0.0123)

−0.0180

(0.0123)

Fpropp 0.0267

(0.0493)

0.0339

(0.0603)

0.0274

(0.0602)

0.0119

(0.0082)

0.0123

(0.0082)

Fpropw −0.0057

(0.0615)

0.0992

(0.0705)

0.0901

(0.0705)

0.0054

(0.0090)

0.0061

(0.0090)

Fpropr −0.0021

(0.0548)

0.0542

(0.0632)

0.0567

(0.0632)

0.0024

(0.0082)

0.0021

(0.0082)

Fay-edu −0.0078

(0.0070)

0.0211**

(0.0085)

0.0214**

(0.0085)

0.0066***

(0.0011)

0.0066***

(0.0011)

De-log −0.0017

(0.0028)

−0.0348***

(0.0036)

−0.0348***

(0.0036)

−0.0057***

(0.0005)

−0.0057***

(0.0005)

Standard errors in parentheses.

*p < 0.1, **p < 0.05, ***p < 0.01.

in risk attitude in rural areas under the new definition has
no significant impact on the proportion of household risk-
free assets.

CONCLUSIONS AND POLICY
RECOMMENDATIONS

In this study, we examine the impact of the allocation of urban
and rural basic medical insurance on the allocation of household
liquidity risk financial assets based on the three issues of the
CHFS database in 2013, 2015, and 2017. We use a Heckman
two-step model to explore the impact of whether to allocate
urban and rural basic medical insurance on the probability and
proportion of risk assets holding empirically. Depending on the
characteristics of urban-rural duality in China, we subdivide
urban-rural basic medical insurance into urban-rural residents’
medical insurance, urban residents’ medical insurance, and
NCMS for regression testing, which overcomes the interference
of urban-rural heterogeneity.

First, from the perspective of risk assets, we find that the
allocation of urban and rural residents’ medical insurance has
a negative impact on families’ holding of risk assets to a certain
extent, and the allocation of urban residents’ medical insurance
and the NCMS have a certain positive impact. All three have a
negative impact on the proportion of households holding risk
assets to total assets.

Second, from the perspective of risk-free assets, we find
that the allocation of urban and rural residents’ medical

insurance, urban residents’ medical insurance, and NCMS all
have a certain positive impact on the probability of families’
holding of risk-free assets but a certain negative impact on
the proportion.

Third, overall, the allocation of basic medical insurance
in urban and rural areas can promote families to make
reasonable choices between risky assets and risk-free assets to
a certain extent. We believe the impact mechanism may be
that the allocation of urban and rural basic medical insurance
increases families’ risk perception, turning their risk attitude
more cautious, and their investment attitude more rational. For
the originally risk-seeking families, their risk asset investments
are squeezed out; but for the originally risk-adverse families,
their risk-free asset investments are squeezed out. Therefore,
the direction of this study is consistent with the conclusion
put forward by Yang and Wang (32): that China’s social
security system is mainly manifested as crowding-out residents’
consumption and investment before it is highly improved.

Our findings show that it is not only a social and livelihood
issue but also a financial field problem to effectively develop
the urban and rural basic medical insurance system and
provide direct empirical evidence for the crowding-out effect
of residents’ allocation of urban and rural basic medical
insurance on the investment vitality of the domestic financial
market. Further research reveals that this impact path is
that urban and rural basic medical insurance reduces the
proportion and possibility of households holding risk assets
and risk-free assets to a certain extent by changing their
risk attitude.
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We thus propose two policy recommendations. First, in the
process of further improving China’s urban and rural basic
medical insurance system, policymakers should pay attention
to the impact of urban and rural basic medical insurance
on the investment and consumption of families with different
social and economic statuses behind the high coverage rate,
and strive to make the hidden vulnerable groups enjoy more
perfect protection. Second, our findings also point to the need to
focus on the impact of urban and rural basic medical insurance
on the investment preferences of families with different social
and economic statuses behind the high coverage rate, and
emphasize the positive role of urban and rural basic medical
insurance systems in promoting the development of China’s
financial market.

In the model of this paper, we do not explore the development
trends of the impact of participating urban and rural resident
healthcare insurance on family ownership of financial assets
over time. In future research, we can try to use measurement
models such as PSM-DID models, and find the connections
and progressive relations between different models, in order
to obtain the inquiry results of different dimensions. For
the direction of further research in the future, we believe
that can be used to test whether the conclusion whose
data configuration of the basic medical insurance for family
financial assets choice influence is a universal in developing

countries, to explore the developing countries to promote
the health security system for the influence of its national
household financial asset allocation and the corresponding
policy recommendations.
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This article focuses on the interaction between China’s industrial agglomeration, foreign

direct investment (FDI) and environmental pollution of public health in the past 15 years.

By conducting theoretical and empirical research, we try to reveal the relationship and

mechanism between the economic growth and public health from the perspective of

environmental pollution. By constructing an embedded theoretical model of industrial

agglomeration and FDI, this article combines other environmental pollution influencing

factors, expounds the impact mechanism of industrial agglomeration on environmental

pollution. Based on the provincial-level panel data of China on environmental pollution

and industrial agglomeration, the empirical test is carried out through the threshold panel

regression model. According to the results, industrial agglomeration can significantly

rectify the regional environmental pollution, thereby benefiting public health. FDI has a

phased impact on the relationship between industrial agglomeration and environmental

pollution. Specifically, when the level of FDI is low, the positive improvement effect

of industrial agglomeration on environmental pollution is relatively strong. This is

mainly because industrial agglomeration can promote economic growth, technological

progress, and enhance environmental awareness. When the level of FDI exceeds

the first threshold and continues to rise, the positive improvement effect of industrial

agglomeration is maximized. Before the level of FDI exceeds the second threshold,

this effect gradually weakens. The population concentration and excessive expansion

of city scale brought about by industrial agglomeration will lead to the increase of

regional resource and energy consumption, thus aggravating environmental pollution.

The policy implication is that while the government and enterprises are vigorously

increasing the level of foreign investment, they must pay equal attention to economic

growth and public health, and the level of industrial agglomeration should match the level

of foreign investment so as to give full play to the positive improvement effect of industrial

agglomeration on environmental pollution, and realize the coordinated development of

the regional economy, environment and population health.
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INTRODUCTION

The ultimate goal of economic development is to improve the
public welfare. However, as the history of human development
has proved, the process of economic growth cannot fully
achieve this goal. The environmental Kuznets Curve indicates a
trade-off relationship between income increased and ecological
environment (1). Economic growth may lead to environmental
degradation, bring harm to public health, and therefore
undermine the public welfare (2). Take China as an example.
In the past four decades, China has indeed achieved rapid
economic growth, but this has been accompanied by serious
environmental pollution, which has severely damaged public
health (3, 4). For example, in 2017, the substandard rate of 338 air
quality monitored cities in China greatly exceeds 70%. Therefore,
from the perspective of environmental pollution, an important
transmission mechanism between economic growth and public
health can be revealed.

Based on a typical fact that industrial agglomeration and
FDI plays an important role in the process of Chinese
economic development, combined with the trend of ecological
environment change, this article attempts to simultaneously
examine the complex interaction of industrial agglomeration
and foreign direct investment (FDI) on environmental pollution
empirically. Through this special mechanism, we can reveal
the possible negative effects of economic growth on public
health, and expounds the methods to reduce environmental
pollution in an effort to bring broader benefits to public
health. Consequently, this article joins the discussion about the
relation among economic development, environment quality,
and public health in the recent literatures. Using Dual-track
approach to measure citizen mobility in Italy, De Maria et al.
(5) found that during the lockdown of the new coronavirus
in Italy, while the Italian government restricted population
movement and economic growth, the urban pollution was greatly
reduced. Research results of Sun et al. (6) shows that economic
development can increase public expenditures for the prevention
and treatment of foreign infectious diseases, which is conducive
to protecting public health. Pu et al. (7) used the panel data of 31
regions in China from 2002 to 2018 and concluded that economic
development has reduced medical expenditures, and unfair
income distribution will exacerbate such effects (7). Su et al. (8)
applied panel threshold regression model in BRICS and ASEAN
countries to conclude that overheated economic growth will
have a negative impact on the medical and health system and is
detrimental to public health (8). These studies obtained different
and even mixed results. Our study can contribute this field by
revealing the channel connecting industrial agglomeration, FDI,
and environmental pollution.

Since the reform and opening up of China, FDI has
continued to grow, and industrial agglomeration has driven rapid
economic development. However, environmental pollution has
gradually aggravated to be a simultaneous side effect. Some of
the studies carry out empirical studies, and draw conclusions
that industrial agglomeration and environmental pollution are,
respectively, positively correlated, negatively correlated, and
non-linearly correlated (9–11). With respect to the impact of

FDI on environmental pollution, there are two contradictory
arguments in the existing literatures, namely, hypothesis of
“pollution paradise” and hypothesis of “pollution halo” (12).
When industries are transferred through FDI, it is usually
accompanied by the introduction of knowledge, technologies,
and management methods. The transfer of industrial production
and the diffusion of knowledge and technology not only fuel
the development of industrial agglomeration, but also exert
some negative impacts on the local environment of the host
country. In addition, the promoting effect of FDI on industrial
agglomeration worsens the environmental pollution to some
extent. Thismeans that there are some connections between these
aspects to a certain extent. However, the nature and direction of
these relations are still unclear. The FDI can directly or indirectly
affect the environmental effects of industrial agglomeration.
Since environmental quality is directly related to public health
(13), there is an urgent need for an in-depth study on the complex
interaction and transmission mechanism between them.

Based on the above reasons, this paper constructs theoretical
models of FDI, industrial agglomeration, and environmental
pollution using a scalable random environmental impact
assessment model. According to the model, FDI will have a
positive or negative influence on the relation between industrial
agglomeration and environment. In the context of FDI, there
is a non-linear correlation between industrial agglomeration
and environmental pollution. Therefore, it is hereby proposed
to adopt Panel Threshold Measurement Model for empirical
testing. Based on 14-year panel data from 30 provinces and
cities (includes autonomous regions) in China, we examined the
environmental impact of industrial agglomeration at different
levels of foreign investment, and objectively evaluates the
environmental effect of FDI and agglomeration of industries.
On the one hand, this article reveals an important transmission
mechanism between economic growth and public health and
makes theoretical contributions to related fields. On the
other hand, it also puts forward the policy recommendations
to promote the coordinated development of the economy,
environment, and public health of China.

LITERATURE REVIEW

In order to clearly unfold a big picture of relevant literatures
in this field, this section reviewed the research about the
relationship among economic growth, environmental pollution,
and public health, as well as the relationship among industrial
agglomeration, FDI, and environmental pollution. Comments
will be provided in some places, if necessary.

Economic Growth, Environmental
Pollution, and Public Health
The relationship between economic growth and environmental
pollution is usually expressed as an Environmental Kuznets
Curve (14). As shown by this curve, at a certain stage of
development, income growth driven by economic growth cannot
be combined with the protection of the ecological environment.
It is necessary to carefully weigh the pros and cons in order
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to make the final choice. For example, places with severe
environmental pollution are more likely to attract capital, labor,
and other resources due to the relatively relaxed environmental
regulation threshold, which will enable them to vigorously
develop their economy and increase the income of the residents.
However, the deterioration of the ecological environment,
caused by economic development, seriously jeopardizes public
health. Studies have shown that most Chinese families cannot
afford medical care without major health insurance (15). As
a result, when residents feel intolerant to the local ecological
environment, they often choose to relocate to other places,
thereby forcing local governments to make concessions at the
expense of economic growth to some extent and improve
the ecological environment of their jurisdictions (16). Chen
and Xiao (17) added multiple factors (such as environmental
pollution) to Grossman’s Production Function of Health, and
adopted panel data of 30 Chinese provinces and municipalities
(autonomous regions) from 1997 to 2010 to conduct an empirical
analysis (17). They found that there is a long-term and
balanced cointegration relationship among economic growth,
environmental pollution, medical and health services, and public
health of residents, while the relationship between economic
growth and public health is characterized by an inverted U-shape
from the perspective of the entire country and the eastern and
central regions. Therefore, policymakers must weigh the pros and
cons among environmental quality, public health, and economic
development (18).

Many empirical facts and academic research have proved the
threat of environmental pollution to public health. In the last
century, the world has been hit by many serious hazardous
incidents to health, which are caused by environmental pollution,
such as London Smog Incident and Los Angeles Photochemical
Pollution Incident. These incidents posed huge threat to public
health. A qualitative study by (19) proves that carbon monoxide
has a significant catalytic effect on the morbidity rate of asthma
in children aged 1–18 (19). Air pollution has led to a decline
in the human lung function, worsening of the morbidity and
mortality of bronchitis, pulmonary heart disease, and respiratory
diseases, and an increase in the number of inpatients and
outpatients even aggravates the premature deaths of residents (4).
Through quantitative researches, Dales et al. (20, 21) believed
that air pollution, water pollution, or other pollution types
of environmental pollution will harm the health conditions of
residents (20, 21). The degree of harm caused by environmental
pollution to public health also depends on the degree of pollution
exposure. People who have been living in heavily polluted areas
for a long time are more likely to get sick (22).

The process of the economic development of China has
also been stained by frequent public health damages due to
environmental pollution. According to statistics, among the
232 major environmental incidents that occurred during the
“Eleventh Five-Year Plan” period, there were 56 public health
damage incidents caused by environmental pollution (13).
According to Zhao et al. (23, 24), the energy structure of
China, which is dominated by the consumption of coal-fired
energy and other fossil energy, is the primary cause of severe
air pollution (23, 24). With reference to this point, a study

uses the Greenhouse Gas and Air Pollution Interactions and
Synergies (GAINS) model to predict that China could reduce
carbon dioxide emissions by 32 percent by 2030, if it actively
adopted renewable energy (25). Based on the Long-range Energy
Alternatives Planning (LEAP) Model and Exposure Response
Model, some researches further concluded that under strict
energy conservation control, a decrease in the proportion of coal
consumption reduces the corresponding mortality ratio (26, 27).
According to the empirical research by (3), from the perspective
of the whole country and the eastern, central, and western
regions, the emission load of industrial fumes is positively
correlated with population mortality rate, and emission load of
industrial sulfur dioxide are significantly positively correlated
with population mortality rate in the central region (3). In
general, environmental pollution and ecological destruction have
caused serious economic and social losses to China. The annual
loss due to environmental pollution accounts for about 10%
of the GDP of China. Every year, 213,000 patients suffer from
pulmonary heart disease and 1.5 million suffer from chronic
bronchitis due to air pollution (28). The disease burden of
residents, caused by environmental pollution, accounts for∼21%
of the total disease burden (3). Therefore, further revealing
the ways and transmission mechanisms of economic growth
affecting public health through environmental pollution has
important theoretical value and practical significance. From a
new perspective, this paper conducts an empirical study on
the complex interaction among industrial agglomeration, FDI,
and environmental pollution, and provides a useful reference
for policymakers.

Industrial Agglomeration, FDI, and
Environmental Pollution
Regarding the relationship between FDI and industrial
agglomeration, Amiti and Javorcik (29) believed that in
case of improved freedom of trade in a country, upstream and
downstream enterprises often go with the stream and swarm into
this country (29). The FDI promotes the agglomeration of local
industries by improving the technological innovation capacity
of the host country and realizing technological spillover of such
capacity among enterprises (30). Other academic literature also
pointed out that FDI characterized by movement following
certain regional policy advantages stimulates the increase of
regional FDI, thereby providing impetus for regional industrial
agglomeration (22, 31).

Regarding the impact of industrial agglomeration on
environmental pollution, researchers in this field have different
opinions. The research findings, which hold “aggravation of
environmental pollution,” indicate that negative externalities
of industrial agglomeration, that is, the concentrated discharge
of pollutants will lead to the deterioration of the environment
in the agglomeration areas (9). This negative effect is not
only apparent in the developing countries, but also in the
developed countries (32, 33). In addition, there may also be
a two-way mechanism between industrial agglomeration and
environmental pollution. In other words, the more serious
the environmental pollution, the greater the driving force for
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industrial agglomeration (34). On the contrary, the research
findings, which hold “suppression of environmental pollution,”
indicate that industrial agglomeration may have an adverse
impact on the environment in the short term, but in the long
run, it will also bring many benefits to the agglomeration
areas. Manufacturing industry agglomeration can alleviate the
effect of “Pollution Paradise” (10). Shen et al. (35) believed that
industrial agglomeration reduces the cost and risk of low-carbon
innovation and increases carbon productivity by promoting
the spillover and sharing of environmental protection and
energy conservation knowledge among enterprises in industrial
agglomeration areas (35). Li et al. (36) applied panel data
vector autoregressive model to analyze the dynamic relationship
between industrial agglomeration and environmental pollution
and revealed that the degree of industrial agglomeration can
significantly reduce industrial pollution emissions (36). There is
no doubt that many research results also show the non-linear
relationship between the two, which may be affected by other
factors (11, 37).

Regarding the relationship between environmental pollution
and foreign investment in a region, there have been two
completely different hypotheses in academia for a long time,
namely “pollution paradise” and “pollution halo.” Walter and
Ugelow (38) initially put forward the hypothesis of “pollution
paradise,” which pointed out that the transfer of pollution
from the home country is the main reason for the foreign
companies to enter the local market (38). The increase in
polluting enterprises, triggered by FDI, will result in the ever-
increasingly poorer environmental quality of the host country.
Hypothesis of “pollution halo” takes the opposite view, and states
that the entry of foreign capital into the local market can bring
about environment-friendly and efficient technologies. Through
technology spillover effects, the overall technological level of
region-wide enterprises will rise, the production efficiency of
local enterprises will be improved, the emissions of enterprises
will be reduced, and the local environmental quality will turn for
the better. For example, a study points out that multinational
companies can promote the technological upgrading of local
enterprises and the improvement of population quality through
labor mobility and technology spillover, thereby affecting the
local environmental quality (39).

In fact, hypothesis of “pollution halo” is more obvious in the
Chinese context. Li et al. (11) conducted an empirical analysis
and proved that the main reason for reducing air pollution in
the manufacturing industry is FDI and other external factors,
but the internal motivation for energy conservation and emission
reduction is insufficient (12). Yang (40) adopted the panel
data of 227 Chinese cities from 2004 to 2012 to empirically
analyze the relationship between industrial agglomeration and
environmental pollution (40). The analysis results show that
when the level of FDI is low, industrial agglomeration exacerbates
environmental pollution. When the level of FDI is high,
industrial agglomeration alleviates environmental pollution. Su
et al. (41) used the panel cointegration analysis method to verify
the hypothesis of “pollution paradise” and the hypothesis of
“pollution halo.” They found that if capital intensity continues
to go up, pollution coefficient of FDI partly declines (41).

With reference to the above-mentioned related literatures,
it is found that there is a clear correlation among industrial
agglomeration, FDI, and environmental pollution, whereas
environmental pollution poses a threat to public health.
Furthermore, as a channel, FDI has a say in the relationship
between industrial agglomeration and environmental pollution.
Therefore, when studying the impact of industrial agglomeration
on the environment, FDI, which is an important factor, cannot
be ignored. However, the existing research findings only use
the linear regression model as the main measurement model
analysis strategy, which fails to portray the staged impact
of industrial agglomeration on environmental pollution on a
profound dimension. Therefore, this paper attempts to introduce
the “Panel Threshold Regression Model” proposed by Hansen,
taking into account the domestic panel data at the provincial
level, and examines the impact mechanism and channels of
industrial agglomeration on environmental pollution at different
levels of FDI. This paper further reveals the inner connection
between industrial agglomeration and environmental pollution,
in order to provide a theoretical explanation for the contradictory
between industrial agglomeration and environmental pollution,
and gives useful references for policymakers to formulate policies
in connection with public health.

METHODS

Theoretical Analysis and Research
Hypotheses
Based on the Copeland–Taylor General Equilibrium Theory
Model, aiming at the technological spillover and technological
innovation effects brought about by industrial agglomeration
and foreign direct investment, this paper leverages the inherent
technological factors in the classical production function, and
integrates industry agglomeration, FDI, and environmental
pollution, in an effort to construct a theoretical model on the
impact of industrial agglomeration and FDI on environmental
pollution, and probe into its relationship with public health on
these grounds.

Production Function
Suppose that in an economic system, only non-polluting
products, Z and capital-intensive polluting products, X are
manufactured. At the same time, industrial enterprises will emit
pollutants, Y that endanger environmental quality during the
production process of product X. Degradation of environmental
quality, caused by the discharge of pollutant, will have a negative
external effect on the society as a whole. Therefore, emission of
pollutant Y incurs social cost. According to Coase Theorem, if
property rights are specific and trading cost is enough low or zero,
such externality can be resolved through market mechanism,
manifested as pollution rights trading or pollution charges. This
also means that companies will use certain production factors for
environmental governance as the cost of pollutant discharge. If
the ratio of the production factors applied by the enterprise for
pollution control to the total production factors is γ, in this case,
0≤ γ≤ 1. In other words, if γ= 0, the enterprise does not control
pollution, and in this case, the actual output is the potential
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output, F. If γ = 1, the enterprise will use all production factors
to control pollution, and the actual output is zero in this case.
If 0< γ<1, production factor, γF is used to control pollution,
and in this case, the actual output is (1-γ) F, and pollutant Y will
appear simultaneously. According to the above expression, the
equations are specified as follows:

X = (1− γ )F (1)

Y = ψ(γ )F (2)

9 (γ ) =
1

A
(1− γ )

1
α (3)

Where, ψ(γ) is a decreasing function of γ, that is, ψ′(γ) < 0 and
ψ
′′(γ) > 0. A indicates production technology, α is a parameter,

and α ∈ (0, 1). Function F is a homogeneous production function
and complies with the property of constant returns to scale of the
production function.

If the production factors only include capital K and labor L,
the above production function can be expressed as follows:

X = (1− γ )F(KX , LX) (4)

Y = 9(γ )F(KX , LX) (5)

Z = G(KZ , LZ) (6)

After Equation (3) is introduced into Equation (5):

Y =
1

A
(1− γ )

1
α F(KX , LX) (7)

X = (AY)αF(KX , LX)
1−α (8)

Equation (8) implies that output of product X depends on the
input of pollutant Y and potential output F, and the production
function of X satisfies the characteristic of constant returns to
scale. The value of α indicates the ratio of effective pollution
to total production cost; and 1-α indicates the percentage of
potential output in the total production cost.

Driven by the instinct driven by the pursuit of profit, market
enterprises will inevitably measure the production benefits and
pollutant emission costs of products in the production decision-
making process, and determine the appropriate output and
pollution emissions. An analysis of the choice is made by a
profit-oriented enterprise in the production decision-making and
pollutant discharge decision-making.

Production Decision-Making
Under the principle of profit maximization, every enterprise
should work hard to “minimizing the cost while maintaining the
same output” or “maximizing the output while maintaining the
same cost.” This paper herein takes the former as an example
to decide on the production of product X. From Equation (8),
it can be seen that the production of capital-intensive product X
of industrial enterprises is related to pollutant emission Y and
potential output F. Therefore, when deciding on the production
of product X, it is advised to follow the principle of “minimizing
the cost while the output remains unchanged,” and clearly specify
the minimum production cost CF of unit potential output F
under a given capital cost r and labor cost w. It is further found

that where pollution control cost is λ, the minimum production
costCFof the unit product X is made clear, as shown in the
following equations:

CF (r,w) = min
{

rk+ wl, F (KX , LX) = 1
}

(9)

CF (r,w) = min
{

λAY + CFF, (AY)
αF1−α = 1

}

(10)

Under optimization solution, it can be seen from Equation (9)
that when CFis the minimum, the marginal rate of substitution of
capital and labor is equal to the ratio of labor cost to capital cost,
as shown in the following equation:

TRSLK =
F
′

L

F
′

K

=
w

r
(11)

Under optimization solution, it can be seen from Equation
(10) that when CX is the minimum, the marginal rate of
the substitution of the potential output and effective pollutant
discharge is equal to the ratio of the cost of pollutant
discharge to the cost of potential output, as simplified in the
following equation:

α

1− α
·
F

AY
=

λ

CF
(12)

Pollutant Discharge Decision-Making
It is assumed that the market in which an enterprise conducts
business, is a perfectly competitive market, and PX indicates the
price of product X subject to supply and demand in the market.
The profit enterprise is zero, as shown in the following equation:

PX = CFF + λ(AY) (13)

According to Equation (12), CFF is expressed as λ(AY), and
substituted into Equation (13), and pollutant emissions from
the production of capital-intensive polluting products can be
calculated as follows:

Y =
αPXX

λA
(14)

When a non-polluting product Z is added to the economic
system, then equation (14) can be changed into:

Y = (PXX + PZZ)
α

λA

PXX

PXX + PZZ
(15)

Where, PXX+PZZ indicates industrial scale, which is substituted
by Sca; and PXX

PXX+PZZ
refers to industrial structure, which is

substituted by Str. Equation (15) can be changed into:

Y = Sca ·
α

λA
· Str (16)

Equation (16) indicates that discharge of pollutants is negatively
correlated with pollution emission cost, λ and technological level
A, and positively correlated with the industrial scale, Sca and
industrial structure, Str in a region. After logarithm is taken from
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the left and right sides of Equation (16), the following equation
is obtained:

lnY = lnα + ln Sca+ ln Str − ln λ− lnA (17)

The industrial scale and the industrial structure of agglomeration
areas are subjected to the degree of industrial agglomeration (agg)
and foreign direct investment (fdi), which accordingly have an
impact on the emission of pollutants in the agglomeration areas.
Industrial agglomeration is spatially manifested as the clustering
of enterprises in a certain region, and industrial scale is expanded
as a result. The entry of foreign enterprises through investment
in host country enterprises or direct investment in local factories
can bring in capital and capital inflows and help expand the
industrial scale of agglomeration areas. Therefore, in this paper,
the functional form of the industrial scale is set as follows:

Sca = exp(β0 + β1 ln agg + β2 ln fdi+ µ) (18)

The function of the industrial structure is set as follows:

Str = exp(τ0 + τ1 ln agg + τ2 ln fdi+ δ) (19)

In industrial clusters, the spatial concentration of enterprises
accelerates the flow of knowledge and professionals.
Agglomeration drives technological innovation through
technology spillover effects and competitive effects, and improves
the overall technological level of the agglomeration areas. The
FDI has introduced advanced technology and management
methods. Due to the rapid flow of knowledge and professionals
in agglomeration areas, technology spillover also plays a role
and spreads in the agglomeration areas within a certain period.
In addition, FDI has promoted technological innovation in
the agglomeration areas through demonstration effects and
competitive effects, thereby obtaining the improvement of
production technology and environmental governance in the
agglomeration areas. Therefore, in this paper, the function of
technology is set as follows:

A = exp(x0 + x1 ln agg + x2 ln fdi+ υ) (20)

In the above equations (18), (19), and (20), agg indicates
the level of agglomeration; fdi indicates the level of foreign
direct investment.

Due to the parameter α, blowdown cost λ is exogenously
given; they are not analyzed herein and collectively expressed as
ξ0 together with the constant term. According to Equations (18),
(19), and (20), the pollution emission intensity can be expressed
as follows:

lnY = ξ0 + ξ1 ln agg + ξ2 ln fdi+ θ (21)

Where, ξ0 = lnα − ln λ + β0 + τ0 + x0, ξ1 = β1 + τ1 − x1,
and ξ2 = β2 + τ2 − x2.

As can be seen from the above equation, the positive
and negative properties of ξ1 and ξ2 are still uncertain. The
impact of industrial agglomeration and FDI on the environment
depends on the combined effect of industrial agglomeration

and FDI through the industrial scale, industrial structure, and
technological level of the positive and negative environmental
externalities. There are complex correlations between industrial
agglomeration, FDI, and environmental pollution. Therefore, our
hypotheses are formally proposed as follows:

H1: Industrial agglomeration reduces environmental
pollution, the higher the degree of industrial
agglomeration is, the lower is the environmental pollution.

H2: FDi can change the relationship between industrial
agglomeration and environmental pollution in terms of
different threshold levels:

H2a: When FDI is either enough low, the negative effect of
industrial agglomeration on the environmental pollution
is weak.

H2b: When FDI is medium, the negative effect of industrial
agglomeration on environmental pollution is strong.

H2c: When FDI is enough high, the negative effect of industrial
agglomeration on environmental pollution is weak again.

MEASUREMENT MODEL AND
EXPLANATION FOR VARIABLES

Construction of Threshold Model
In this article, We refer to the panel threshold regression
model proposed by Hansen (42), which is used herein. Based
on the previous theoretical analysis, the level of foreign direct
investment (fdi) is used as the threshold variable for the empirical
analysis. The model settings are given as follows:

ln conit = αi + β1 ln agg · I
(

q ≤ λ
)

+ β2 ln agg · I
(

q > λ
)

+ βnXit + εit (22)

Where, I (·) indicates the indicative function, λ indicates the
threshold value to be estimated, and the other variables are the
same as described above.

In the single-threshold model, to verify whether there is a
threshold effect and to further examine the significance of the
threshold effect and the authenticity of the threshold estimate,
firstly, null hypothesis H0 :β1 = β2 is made to conduct an
empirical test of the threshold effect, in which the Bootstrap
Method is applied to simulate the likelihood ratio test for
asymptotic distribution of F-statistic and its critical value. If the
p-value corresponding to the F-statistic is small (usually lower
than 0.10), the null hypothesis is rejected, and the threshold
effect is considered to exist. Otherwise, the null hypothesis will
be accepted, and the threshold effect can be considered absent.
Moreover, the likelihood ratio test for LR (λ) is used to calculate
the confidence interval of λ and test the authenticity of the
threshold value. Similar to the testing method under the single-
threshold model, due to space limitations, this article will not
repeat the testing of the dual-threshold model and the multi-
threshold model.

Variable Selection and Data Processing
(1) Explained Variable: The level of environmental pollution.
The main influencing factors of environmental pollution
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include exhaust gas, wastewater, and solid waste. Taking into
account the availability of data and the true reflection of
environmental pollution, this article uses industrial sulfur
dioxide, industrial waste water, and industrial oil fume emissions
as the measurement indicators of the environmental pollution in
various regions, and comprehensively reveals the environmental
pollution in various regions. Among them, analytic hierarchy
process (AHP) is applied to calculate the proportion of various
pollutants in the overall environmental pollution through
calculation and verification and refer to the method from (43)
to determine the weights of various pollutants (43). The weights
of industrial sulfur dioxide, industrial wastewater, and industrial
fumes are found to be 0.36, 0.40, and 0.24, respectively. In
this paper, comprehensive environmental pollution load is set
as follows:

poli =
∑3

k=1
vkx̄ik (23)

Where poli represents the comprehensive environmental
pollution load of the i-th city; x̄ik represents the discharge
quantity of the k-th type of pollutant in the i-th city which has
undergone dimensionless processing, and vk indicates the weight
of the k-th type of environmental pollutant. Another indicator
is such a comprehensive indicator of environmental pollution,
which indicates the degree of environmental pollution, expressed
as the pollution load per unit output value:

coni =
poli

ȳi
(24)

Where ȳi indicates the gross industrial output value of the i-th
area that has undergone dimensionless processing.

Since China Environmental Statistics only disclosed the data
on industrial fume pollutants from 2011 to 2016, the data of
industrial fume emissions before 2011 can be obtained from
China Industry Statistical Yearbook so as to calculate the level
of environmental pollution in the major cities of the Chinese
industrial agglomeration areas from 2004 to 2017.

(2) Public Health: Public health is the field of sociology
related to the health of the people. Due to the large fluctuations
in the absolute value of the number of deaths each year, it is not
comparable to the absolute value. It is more practical to measure
the level of public health by the ratio of the total number of deaths
from respiratory diseases and lung diseases to the total number
of deaths.

puh = (bre+ lun)/mor (25)

Among them, puh is the level of public health, bre and lun are the
death tolls of respiratory diseases and lung diseases, respectively,
and mor is the total death toll of population. The death tolls of
respiratory diseases and lung diseases are basically obtained from
the “China Population Yearbook” and “Regional Population
Yearbooks,” respectively. The data are true and reliable.

(3) Core Explanatory Variables: a. Industrial Agglomeration
(agg): In the research design of this article, location entropy (LQ)
is selected to measure the relative degree of spatial agglomeration
in the industry. Due to the differences in labor productivity

between or within industries, the statistical errors of employees
in the informal economy and other factors are beyond human
control; if the number of employees is used as a basic variable, the
results will have less reference value. Therefore, in this paper, the
actual gross industrial output value, which is converted with year
2004 as the base year and undergoes dimensionless processing,
is used as the basic variable to calculate the location entropy,
thereby avoiding incomparability due to the price level and the
dimension difference between the variables in respective years.
b. Foreign Direct Investment (fdi): In order to analyze how this
intermediate variable affects the relationship between industrial
agglomeration and environmental pollution, FDI is not only
used as another core variable, but also as a threshold variable.
In the industrial sector, the proportion of foreign investment in
fixed assets can more effectively highlight the extent of FDI. In
addition, to the availability of data, this article expresses the level
of FDI as the ratio of foreign investment in fixed assets to the total
FDI in the region.

(4) Control Variables: a. Technological Level (tec): It is
an important indicator to measure the industrial production
efficiency, environment friendliness, and environmental
pollution control capabilities. It is expressed by labor productivity
measured by the industry-wide gross product value. b. Industrial
Structure (str): In this paper, this indicator is expressed as the
ratio of the regional output value of the secondary industry
to the regional GDP. c. Environmental Regulation Level (reg):
This paper refers to the methods of previous studies (44, 45).
This indicator is expressed as the ratio of the regional input in
industrial pollution control to the national input in the industrial
pollution control.

The calculation methods of each variable index are shown in
Table 1. The basic data used in this paper are cited from China
Industry Business Performance Data, China Statistical Yearbook,
China City Statistical Yearbook, and other sources. Due to the
lack of a large amount of Tibet Autonomous Region data, for
the purpose of research work, it was finally decided to use panel
data of 30 Chinese provinces and municipalities (autonomous
regions), except Tibet. It should be noted that among the data
of these 30 provinces and municipalities (autonomous regions)
from 2004 to 2017, the data of individual regions or years
are still missing. In this paper, interpolation method is applied
to improve and supplement the missing data. Furthermore,
this paper adopts the revised Standard of National Industries
Classification (GB/T4754-2017) as the statistical criteria of the
manufacturing industry.

RESULTS

Threshold Effect Test
Before estimating the threshold model, it is necessary to test
whether there is a threshold effect and the significance of single
threshold, double threshold, and triple threshold, and then verify
the number of thresholds. After assuming single threshold,
double threshold, and triple threshold in turn, the corresponding
F value and P-value are obtained (Table 2). According to the
results, the P-value corresponding to the value of the single-
threshold F-statistic is 0.0000 and is significantly lower than
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TABLE 1 | Specific economic meanings and calculation methods under panel regression model.

Variable attribute Variable name Calculation formula Explanation for variable meaning in the formula

Level of Environmental Pollution con coni =
poli
ȳi

poli : Comprehensive environmental pollution load.

ȳi : Standardized gross industrial output value.

Level of Industrial Agglomeration agg aggi =
n
∑

j=1

xij/
∑n

j=1 xij

xj/
∑n

j=1 xj
xij : Gross industrial output value of the i-th industry in the j-th city.

xj : Gross industrial output value of the j-th industry in the country.

n: The number of industries in common.

Level of Industrial Technology tec tecit =
yit
pit

yit: Labor productivity calculated based on gross output value.

pit: Consumer price index based on the price during base period of 1978.

Industrial Structure str strit =
gdp2it
gdpit

gdp2it: Gross output value of the secondary industry.

gdpit: Gross output value of all industries.

Degree of Openness to the

Outside World

fdi fdiit =
fgdpit
gdpit

fgdpit: Total amount of foreign capital utilized in the society-wide

fixed assets.

gdpit: Amount of society-wide fixed assets investment in this region.

Intensity of Environmental Policy

Regulation

reg regit =
pgit
pgit

pgit: Total input in industrial pollution control.

pgit: Mean value of the total input in industrial pollution control across all

regions of China. (Total input in industrial pollution control includes the costs

of exhaust gas, wastewater, and solid waste).

In the above table, i, j, and t indicate a region, an industry, and a year, respectively.

TABLE 2 | Threshold effect test.

The number of thresholds RSS MSE F value P value 10% Critical value 5% Critical value 1% Critical value

Single threshold 18.7556 0.0462 110.16 0.0000 35.8120 42.7288 55.8570

Double-threshold 16.2103 0.0399 63.75 0.0000 24.6645 29.6731 44.1526

Triple-threshold 19.6939 0.0485 11.61 0.1200 12.2799 24.7410 36.2274

0.01, so the null hypothesis of the linear relationship between
variables is rejected. Then the double threshold test is carried
out. According to the results, the P-value corresponding to
the value of the double-threshold F-statistic is still 0.0000, so
the null hypothesis of a single threshold relationship between
variables is also rejected. P-value corresponding to the value of
the further triple-threshold F-statistic is higher than 0.10, and
the null hypothesis of the double-threshold relationship between
variables cannot be rejected. In short, the test results prove dual-
threshold effect of the model. Under the influence of FDI, there
is no single linear relationship between industrial agglomeration
and environmental pollution.

The threshold values are further estimated. Under the
confidence level of 95%, the estimated values of the double-
threshold values are −3.4095 and −3.1978, respectively, and the
confidence intervals are [−4.1291 to −3.4095] and [−7.0924 to
−2.9015], respectively as shown in Table 3.

Threshold Model Estimation
It can be seen from the threshold estimation result that there
are two thresholds in this model. On this basis, we further
analyzed the relationship between industrial agglomeration and
environmental pollution within different FDI thresholds, and the
impact of various control variables on environmental pollution.
The estimated results of the panel threshold model are as shown
in Table 4.

TABLE 3 | The threshold estimation result.

Threshold threshold values Left critical value Right critical value

“1–1 −5.3991 −7.0924 −2.9015

”2–1 −3.409469879 −4.1291 −3.4095

“2–2 −3.197808704 −7.0924 −2.9015

The model has two thresholds, which are divided into
three ranges according to the level of FDI. Within each
scope, the degree of impact of industrial agglomeration on
environmental pollution is different. Our hypothesis H2 is
supported by the empirical evidence. In general, however,
industrial agglomeration plays a role in inhibiting environmental
pollution, and it is useful for improvement on public health.
Our hypothesis H1 is supported by the empirical evidence. In
addition, the technical level and industrial structure of industrial
clusters are negatively correlated with environmental pollution,
while environmental regulations are positively correlated with
environmental pollution.

It can be seen from the results that in the three ranges of
the level of FDI, the industrial agglomeration coefficient is
strictly negative when the significance level is 1%. Specifically,
when the level of FDI is lower than the first threshold value
of 0.0331, the impact coefficient of industrial agglomeration
on environmental pollution is −2.2145. In other words,
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TABLE 4 | Threshold and linear model estimation.

Variable Threshold Estimation FE SYS-GMM

lnagg*I(q≦γ1) −2.2145***

(−8.6486)

lnagg*I(γ1<q≦γ2) −3.4455***

(−6.8035)

lnagg*I(q>γ2) −1.9292***

(−5.7364)

lnagg −0.5807779** −1.136857***

(−2.15) (−5.48)

lnfdi 0.1697648*** 0.0605472***

(11.05) (9.59)

lntec −0.8821*** −0.4590924*** −0.2184677***

(−12.7169) (−6.39) (−5.55)

lnstr −1.5079*** −0.1471305 −1.182222***

(−7.7661) (-0.64) (−13.76)

lnreg 0.0168 0.0385123* 0.0009014

(0.6836) (1.76) (0.09)

cons 0.119965 0.3791804 −0.0006207

(−0.2) (0.90) (−0.00)

The t or Z statistics are in parentheses in the table. “***”, “**”, “*” indicates significance

levels of 1, 5, and 10% respectively. SYS-GMM is two-step.

agglomeration suppresses environmental pollution, and
industrial agglomeration has a positive impact on the
environment quality. Our hypothesis H2a is supported by
the empirical evidence. When the level of FDI exceeds the first
threshold but does not reach the second threshold of 0.0409, the
impact coefficient of industrial agglomeration on environmental
pollution is −3.4455. Our hypothesis H2b is supported. In
other words, agglomeration suppresses environmental pollution,
and industrial agglomeration has a positive impact on the
environment. When the level of foreign investment continues
to increase until it exceeds the critical value of 0.0409, the
impact coefficient of industrial agglomeration on environmental
pollution becomes −1.9292, which is still a negative value. Our
hypothesis H2c is supported. Similarly, gatherings suppress
environmental pollution, while industrial agglomerations have a
positive impact on the environment.

From the analysis of the threshold regression results, it
can be found that, in general, industrial agglomeration has an
inhibitory effect on environmental pollution. After the positive
externalities of industrial agglomeration offset the negative
externalities brought about by agglomeration, there is still a
“surplus,” which ultimately acts on the environment, restraining
environmental pollution, and improving public health. However,
at each stage of the FDI level, there is an interesting finding: the
differences in the level of FDI can lead to different inhibition
effects of industrial agglomeration on the environment. When
the level of FDI is low, the environmental effect of industrial
agglomeration is good. When the level of foreign investment
rises, industrial agglomeration has the greatest restraint on
environmental pollution, and industrial agglomeration has
the greatest impact on the environment. When the level of

foreign investment continues to rise and exceeds the limit, the
inhibitory effect of industrial agglomeration on environmental
pollution weakens, and the environmental effect of industrial
agglomeration weakens. Therefore, only an appropriate level
of FDI can effectively promote the environmental effects of
industrial agglomeration.

When FDI is at a low level, foreign businesses enter
and mainly transfer pollution-intensive industries into local
economy, which adversely affects the local environment. With
the increase in the level of FDI and the introduction of advanced
production technology and management measures from abroad,
due to the spillover effects of knowledge and technology,
not only can the labor productivity of local enterprises be
effectively increased, but also the utilization rate can be increased.
Improving resource utilization and reducing pollutant emissions
can also effectively improve local environmental governance
capabilities. If FDI continues to grow beyond a certain limit,
it will have a crowding effect. As foreign businesses seize the
local enterprise market and plunge into a vicious competition,
enterprises lay more emphasis on reducing costs and increasing
output, and technological progress is also aimed to increase
the output. High production causes high pollution. Moreover,
“free-riding” happens in environmental governance, which will
adversely affect the local environment and public health.

To ensure the authenticity and reliability of the empirical
results, this paper estimates the linear model in equation (11).
In consideration of the characteristics of the sample data
in this paper and such a fact that Fixed Effect (FE) model
can eliminate or control the unobservable and time-invariant
individual heterogeneity and minimize the endogenous problem,
the FE model is herein selected to regress the linear model.
Compared with other methods, GeneralizedMethod ofMoments
(GMM) does not require accurate distribution information
of the random error terms, and can obtain more effective
parameter estimates. At the same time, the system GMM is
used for model estimation. For comparison, Table 4 summarizes
the estimation results of FE and GMM. According to the
estimation results, the coefficient signs of FE and GMM are
the same, that is, the coefficients of industrial agglomeration
are negative and significant at significance level of 5%. The
coefficient of FDI is significantly positive. Technological level
and industrial structure are significantly negatively correlated
with environmental pollution at the significance level of 1%.
However, the estimated results of the level of environmental
supervision show that environmental pollution has increased.
Through the analysis, it can be seen that the results of FE model
test and GMM system are largely consistent with the results of the
panel threshold regression. In this sense, the estimation results,
obtained through panel threshold regression are reliable.

Looking back at the 14 years of historical experience of China
in industrial agglomeration, pure industrial clusters will have
a positive impact on the local environment if other factors
remain constant. This is the result of the combined effect of
many factors: Firstly, in the process of industrial agglomeration,
knowledge and professionals converge. In the context of
knowledge spillover, flow of professionals, and agglomeration
market competition, technological innovation has become an
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inevitable choice. Technological progress contributes to the
improved production efficiency of enterprises. Fixing the output
as before, few raw materials need to be consumed and less
pollutants emissions must be emitted. Secondly, in industrial
agglomeration areas, input–output relation takes place in
different types of enterprises. In other words, the by-products of
one enterprise are the raw materials of another enterprise. This
can avoid waste of resources, decrease resource consumption
rate, and thus reduces pollution discharge rate. Thirdly, the
expansion of industrial agglomeration scale will attract the
attention of local government and public to the environment.
A more well-established and strict environmental regulation
system will be formed to strengthen the supervision of polluting
enterprises and to levy penalties for violating enterprises. This
will further boost the production and application of green
technologies. If consumption of resources remains unchanged,
more pollutants will be converted into clean resources for
recycling and reuse of resources, thereby reducing the resource
consumption and minimizing pollution emissions. Fourthly,
although industrial agglomeration causes polluting enterprises
in geographic space and centralized pollution emissions,
the centralized pollution discharge will be resolved through
centralized pollution control and other countermeasures.
Centralized pollution control not only reduces the cost of
pollution control, but also improves the efficiency of pollution
control. These dividends generated by the agglomeration
exceed the negative external influence of the agglomeration.
Therefore, industrial agglomeration can effectively correct the
status quo of environmental pollution, which is beneficial to
public health, rather than exacerbating environmental pollution.
This conclusion does not contradict with the earlier arguments
that “industrial agglomeration aggravates environmental
pollution” (33) and “industrial agglomeration inhibits and
subsequently promotes environmental pollution” (46). The
reason is explained herein: The industrial agglomeration of
China has developed and formed under various economic,
social, cultural, and other complex contexts. Therefore, scholars
conduct analysis and research from different perspectives, and
come to different conclusions.

As for other control variables, according to three regression
results, technological level has a significant negative effect
on environmental pollution at the significance level of 1%.
In other words, since green production has become the
mainstream of contemporary society, the high-tech field
shows a low degree of environmental pollution. Moreover, the
advancement of production technology cannot only greatly
improve the economic benefits of the enterprises, but also
improve the utilization rate of resources. If an enterprise
prioritizes technological innovation, its economic efficiency
and corporate image will be greatly embellished. As a result,
the use of new technologies has attracted peer enterprises.
The spillover effect of technology has prompted enterprises to
successively introduce green and efficient technologies, thereby
reducing regional environmental pollution. Technological
advancement can also improve the regional environmental
governance capabilities. Enterprises and local governments
prefer centralized environmental governance, so the negative

impact of technological level on environmental pollution is
obvious. Industrial structure and environmental pollution
also show a significant negative correlation at the significance
level of 1%. In other words, the higher proportion of the
secondary industry implies the lower degree of environmental
pollution. The reasonable explanation for this result is that in
the regions with a higher proportion of the secondary industry,
the common people have higher demands for environment
and health, while the local governments pay more attention to
environmental protection and governance, and implement the
stricter regulations on work conditions of producers. Therefore,
the market has higher barriers to entry. Moreover, the regions
with a higher proportion of the secondary industry have achieved
a larger output value of the secondary industry, which means that
the pollution degree of the unit output value to the environment
is relatively low. Both threshold regression results and FE
regression results show that environmental regulation has a
positive effect on environmental pollution at the confidence
level of 95%, which goes contrary to theory. The possible reason
is that the high degree of environmental pollution has led to
greater efforts in environmental governance in the region, which
is manifested in increased environmental supervision. In other
words, it is high pollution that leads to strong regulation rather
than strong regulation that inhibits high pollution. There is a
reverse causality in this regard.

As for other control variables, according to the three
regression results, technological level has a significant negative
effect on environmental pollution at the significance level
of 1%. In other words, since green production has become
the mainstream of contemporary society, the high-tech field
shows a low degree of environmental pollution. Moreover, the
advancement of production technology cannot only greatly
improve the economic benefits of the enterprises, but also
improve the utilization rate of resources. If an enterprise
prioritizes technological innovation, its economic efficiency
and corporate image will be greatly embellished. As a result,
the use of new technologies has attracted peer enterprises.
The spillover effect of technology has prompted enterprises to
successively introduce green and efficient technologies, thereby
reducing regional environmental pollution. Technological
advancement can also improve the regional environmental
governance capabilities. Enterprises and local governments
prefer centralized environmental governance, so the negative
impact of technological level on environmental pollution is
obvious. Industrial structure and environmental pollution also
show a significant negative correlation at the significance level
of 1%. In other words, the higher proportion of the secondary
industry implies the lower degree of environmental pollution.
The reasonable explanation for this situation is that in the regions
with a higher proportion of the secondary industry, the common
people demands higher for environment and health, while
the local governments pay more attention to environmental
protection and governance, and implement stricter regulations
on the work conditions of producers. Therefore, the market has
higher barriers to entry. Moreover, the regions with a higher
proportion of the secondary industry have achieved a larger
output value of the secondary industry, which means that the
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pollution degree of the unit output value to the environment
is relatively low. Both threshold regression results and FE
regression results prove that environmental regulation has a
positive effect on the environmental pollution at the confidence
level of 95%, which goes contrary to theory. The possible reason
is that the high degree of environmental pollution has led to
greater efforts in environmental governance in the region,
which is manifested in increased environmental supervision. In
other words, it is high pollution that leads to strong regulation
rather than strong regulation inhibits high pollution. There
is a reverse causality in this regard. 1. Variable selection and
data source:

Empirical Analysis for Measuring
Mediating Effect of Environmental
Pollution on Public Health
The occurrence of respiratory diseases and lung diseases is
largely affected by environmental pollution (47). Practical
data also prove that the death rate of respiratory diseases and
lung diseases will increase in areas with serious environmental
pollution. On the one hand, the development of industrial
agglomeration can promote the benign development of local
environment, and provide a good living environment for
people. Per contra, it worsens the local environment and has
a negative impact on the health of the people. Therefore, in
judging whether industrial agglomeration can significantly affect
public health, the degree of environmental pollution obviously
plays a mediating role. Industrial agglomeration indirectly
affects the level of public health through environmental
pollution. This paper constructs the intermediary effect
path according to Baron and Kenny (48) procedures,
and investigates the intermediary effect of environmental
pollution on the impact of industrial agglomeration on
public health.

As an important statistical concept, mediator effect refers to
the influence relationship between variables where (X→ Y),
is not a direct causal chain, but an indirect influence through
one or more variables (M). Currently, we call M as a mediator
variable, and the indirect influence of X on Y through M
is a mediating effect. In this paper, we will draw attention
on the intermediary effect test procedure proposed by Wen
and Ye (49) to test whether environmental pollution plays an
intermediary effect between industrial agglomeration, foreign
direct investment, and public health. The specific test steps
are as follows: (1) Centralize all variables (make the mean
value of variables equal to 0) (2); Test whether the regression
coefficient of independent variables (industrial agglomeration
and FDI) to dependent variables (public health) is significant;
if it is significant, the third step will be carried out, otherwise,
the test will be stopped; (3) Baron and Kenny (48) test
is used to test the regression coefficients of independent
variables (industrial agglomeration and FDI) and intermediary
variables (environmental pollution), and whether the regression
coefficients of intermediary variables (environmental pollution)
and dependent variables (public health) are significant. If both
the above coefficients are significant, it means that at least a
part of the influence of independent variables on dependent

variables is realized by intermediary variables. If at least
one is not significant, because the test is less effective (the
possibility of making the second type of error is relatively
high), it is impossible to conclude, go to step 4. (4) If
the Sobel test is significant, it means that the mediating
variable plays a mediating role between the independent
variable and the dependent variable. Otherwise, there is no
mediating effect.

For the mediating effect test, the simulation study found
that the strength of Sobel method was higher than that of the
sequential regression coefficient method. In other words, Sobel
can test more mediating effects than the latter.

z =
âb̂

Sab
(26)

Where â and b̂ are the estimates of aand b, respectively; the

standard error of ̂ab is se(ab) =

√

â2se2
b
+ b̂2se2a. Here sea and seb

are the standard errors of a and b, respectively. In order to test the
mediating effect of environmental pollution, we first regressed all
the samples, and the regression model is shown in Equations (27)
to (29):

puh = β0 + β1agg + β2fdi+ β3agg·fdi+ β4tec+ β5reg

+ β6str + θ (27)

con = β0 + β1agg + β2fdi+ β3agg·fdi+ β4tec+ β5reg (28)

+ β6str + θ

puh = β0 + β1agg + β2fdi+ β3con+ β4agg·fdi+ β5tec+ β6reg

+ β7str + θ (29)

First, the variables are decentralized, and then regression analysis
is performed on models (27), (28), and (29). Table 5 reports the

TABLE 5 | Regression results of mediating effect of environmental pollution.

(1)

puh

(2)

con

(3)

puh

agg −0.8827***

(0.0024)

−0.3148***

(0.0023)

−0.1652***

(0.0003)

fdi −1.3562***

(0.0012)

−0.1504**

(0.0008)

−0.9237***

(0.0014)

con 0.3569***

(0.0001)

agg*fdi −4.2961**

(0.0007)

−3.5207**

(0.0017)

−3.9418***

(0.0009)

tec −2.6195***

(0.0006)

−1.2855***

(0.0000)

−2.9481***

(0.0172)

reg −3.0527**

(0.0011)

−0.2272***

(0.0062)

−3.7041**

(0.0000)

str 2.8717**

(0.0002)

0.5400*

(0.0236)

1.7520***

(0.0186)

_cons 2.6934

(0.0015)

0.2451

(0.0244)

1.6725*

(0.1042)

Industry control control control

Year control control control

adj. R² 0.1926 0.1823 0.2017

***, **, and *are significant at the level of 1, 5, and 10% respectively.
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test results of mediating effect of the whole sample. Individual
effect and time effect are considered in all the regression models,
and the error terms are adjusted by clustering.

The regression results in Table 5 show that industrial
agglomeration, FDI, the interaction of industrial agglomeration
and FDI, technological progress, and environmental regulation
have a significant negative effect on environmental pollution,
and have a significant impact on public health in the same
direction. The mediating effect of environmental regulation is
obvious. In the intermediate effect test, most of the prevariable
coefficients are significant. To judge the intermediate effect of
environmental pollutionmore accurately, Sobel test is carried out
in this paper. The results show that the development of industrial
agglomeration and FDI can improve the level of public health by
reducing environmental pollution.

In addition, to test the robustness of the regression results
of the mediating effect, this paper uses the number of patent
applications as the index to measure technological progress, and
the environmental regulation laws and regulations issued by the
government as the index to measure the degree of environmental
regulation, and then regresses the three models. The regression
results are basically consistent with the results in Table 5.

Robustness Test
To prove the reliability and non-randomness of the threshold
regression results, this paper conducts a robustness test. The
specific method is explained as follows: The measurement of the
environmental regulation of the control variables is expressed
as the proportion of the amount of investment in place for
industrial pollution control in the industrial added value. The
panel threshold regression of the robustness test model (22) is
performed, and the regression results are as shown in Table 6.

The model still exhibits a dual threshold effect. When the level
of FDI is at the left of the first threshold, between the first
and the second thresholds and at the right side of the second
threshold, the industrial agglomeration coefficient values are all
negative and found to be −1.92, −2.61, and −1.98, respectively,
and the variation trend is consistent with the previous threshold
regression results in the industrial agglomeration in FDI.
Among other control variables, technology level and industrial
structure coefficient are both negative values, and both are
significant when the significance level is 1%. This indicates

TABLE 6 | Robustness test.

Variable Coefficient estimate T-value

lnagg*I(q≦γ1) −1.9245*** −7.8636

nagg*I(γ1<q≦γ2) −2.6178*** −8.0933

nagg*I(q> γ2) −1.9835*** −6.1848

lntec −0.7678*** −11.3619

lnstr −1.4611*** −7.9383

lnreg 0.1364*** 6.9162

***, and *are significant at the level of 1, and 10% respectively.

a positive environmental impact in terms of technology level
and industrial structure, similar to the estimation results as
shown in Table 4. When the measurement index of a certain
control variable is altered, the coefficient signs of explanatory
variables do not change. This indicates that the model has
obvious robustness.

DISCUSSION AND CONCLUSION

This paper uses the data of seven representative polluting
industries of the manufacturing industries of China from 2004
to 2017 to analyze the impact of manufacturing industrial
agglomeration on environmental pollution, and further examines
the role played by FDI in this process. Based on the
theoretical model, the panel threshold regression measurement
model proposed by Hansen is adopted, and the empirical
research is carried out with foreign capital as the threshold
variable. According to the results, in general, under different
levels of foreign investment, industrial agglomeration has a
restraining effect on environmental pollution, but the degree
of restraint is different. Specifically, the positive effect of
industrial agglomeration on environment tends to initially
increase and subsequently decrease as FDI rises. When
the level of FDI is between the first threshold and the
second threshold, the maximum inhibitory effect of industrial
agglomeration on environmental pollution can be achieved. The
technological level and industrial structure of the agglomeration
areas have negative impact on the environmental pollution.
Environmental regulations and environmental pollution are
positively correlated, but they are of little significance. These
findings reveal an important transmission mechanism between
economic growth and public health and make theoretical
contributions to related fields.

Further, the development of industrial agglomeration
and FDI can improve the level of the public health by
reducing environmental pollution. In the long run, industrial
agglomeration can effectively alleviate the environmental
pressure through the positive externality of agglomeration.
The entry of FDI brings innovations in knowledge, technology,
management methods, etc., and promotes the development of
production processes in an environmentally friendly manner.
The emergence of environmental pollution has seriously
threatened the public health. The impact on public health can
be expressed through the environment, and the increase of
environmental pollution leads to a lower level of public health.

On the one hand, these findings reveal an important
transmission mechanism between economic growth and public
health, and make theoretical contributions to related fields.
On the other hand, these findings also provide policy
recommendations for promoting the coordinated development
of the economy and environment of China and improving the
public health.

We conclude that industrial agglomeration can help curb
environmental pollution. Enterprises should make full use of
the advantage of agglomeration, organically integrating the input
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and output of upstream and downstream resources and reduce
resource waste. Local governments should spare no efforts to
guide enterprises to strive for industrial agglomeration, alleviate
the pressure of economic development on the environment,
and improve the public health. In addition, when reviewing
the qualifications of foreign investors, local governments
should say no to foreign companies with serious pollution
and high energy consumption (50). The development of
the local economy should not be at the expense of the
ecological environment and public health. Local governments
should strengthen the local environmental supervision, which
is the long-term strategy of local economic development.
This is a major event related to the health and quality
of the life of the local people (51). Slack environmental
regulation merely generates temporary economic benefits. On
the development road of “post-pollution treatment,” losses
exceed gains.

Of course, it is no doubt that our theoretical and empirical
analyses are not complete. Firstly, the mathematical model
uses production function to analyze the effects of industrial
agglomeration and FDI, which does not include other possible
mechanisms through which these effects appear. Future
research needs to extend the scope of analyses, such as how
R&D investment affects the firm environmental performance
measured by energy and carbon emissions intensities, etc (52).
Secondly, our theoretical analysis takes an assumption of enough
low or zero transaction cost, to integrate the externality into
production decision making of an enterprise. The situation
of high transaction cost is worth paying more attention to in
future research. Finally, there are many macro and micro factors
affecting the quality of the environment and public health, but
this paper cannot cover all possible variables. We hope other
scholars continue to incorporate other interesting variables
into empirical model in the light of the logic of this research
in future.
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With the rapid development of the economy of China, the interactivity between provinces

and the mobility of the population is increasing. Some patients who could have received

the same treatment in their residential areas still choose to receive services in areas

with higher economic development and concentrated high-quality medical resources,

resulting in a huge waste of medical resources. Blindly increasing medical resources

everywhere does not necessarily increase the output effectively. In this study, the data

envelopment analysis (DEA) model, social network analysis (SNA), cluster analysis, and

regression analysis are used to analyze the structural characteristics of the economic

network structure and efficiency of health care in China. The results show that indegree

and eigenvector centrality have a significant positive correlation with the efficiency of

health care, and the clustering coefficient has a significant negative correlation with the

efficiency of health care in China. This study uses a k-means algorithm to classify 31

provinces into three groups and extract their characteristics. As for the supply of health

care resources, the government should command and dispatch the resources in the

whole country through a top-down design based on the characteristics of each province.

Keywords: efficiency of health care, network structure, social network analysis, cluster analysis, medical

resources

INTRODUCTION

With the development of the economy of China, in recent years, the construction of public
infrastructure has improved a lot. Also, the right of people to health needs should be guaranteed
with high quality, which calls for higher requirements for the allocation of medical resources and
services. At present, China has elevated health to an important position in its strategic development
toward the policy of “Healthy China,” which paid a lot of attention to public fitness, food safety,
environmental pollution, and public health emergencies. The medical and health services of China
have developed rapidly (1). Although government investment continues to increase in medical
service, and health service supply capacity and the level of the quantity received a significant boost,
the medical and health care of China still faces problems, such as imbalanced levels of regional
medical development and low efficiency of health care.
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The increase in medical resources corresponds to an increase
in social security, tranquility, safety, and welfare of a country.
It helps severely ill people to shorten the recovery time and
return to work (2), thus improving the overall labor efficiency
and achieving the purpose of promoting sustainable economic
development. However, excessive medical service input and
rapid increase in medical service fee standards have led to
the national cost crisis. Problems such as the rapid increase
in health care costs (as Japan faced in the past) and severe
government fiscal deficits also exist. Therefore, blind investment
in limited medical resources is uneconomical. Many scholars
also believe that medical and health expenditures can be
greatly reduced, although better schemes to reduce costs have
not been deduced yet (3). Owing to the large span of the
regions of China, poor economic interaction between regions,
lack of resource information sharing, backward diffusion of
scientific and technological achievements, and other obstacles,
the economic development gap between the regions of China is
widening with each passing day. The unbalanced development of
the regional economy of China actuates the “inverse care law”
of medical and health services, which is mainly manifested as
the relatively small distribution of medical resources in poor
areas and poor geographical accessibility of medical services
owing to the large urban-rural and regional differences. There
is an inverse correlation between quality medical and health
services and the health needs of people, indicating that people
in poor areas have higher health needs (4). Therefore, it
is of vital importance to rationally allocate national medical
resources according to the economic connections between
provinces, and to improve the quality and efficiency of health
care in underdeveloped areas to meet the health needs to the
maximum extent.

This study has the following contributions: First, the economic
network of China is constructed from the perspective of social
network analysis (SNA), and the efficiency of health care is
evaluated by the data envelopment analysis (DEA) method.
Second, this study tests the effect of the characteristics of
economic network structure, such as degree centrality, the
clustering coefficient, and eigenvector, on the efficiency of
health care in China. The regression result can provide new
empirical evidence for relevant fields. Finally, 31 provinces
in China are grouped into three categories by using the
k-means algorithm. Thus, according to the characteristics
of each category, combined with the results of regression
analysis, more targeted suggestions for management are
put forward.

LITERATURE REVIEW

Health care is very important to population health. As an
important part of health care, medical resources play a key role
in keeping people healthy. Investment in health resources will
reduce the increasing mortality rate, control infectious diseases,
and improve the health of mothers and children (5). There is
a negative correlation between health resources and mortality
(6, 7); medical advances can extend life spans (8) and more

directly and quickly meet individual medical needs (9). In the
1990s, Sherman (10) first applied DEA in the field of health
care to evaluate whether resources are effectively utilized by
relative efficiency. Scholars have extensively applied the DEA
model to the medical and health system and researched the
efficiency of hospitals in a variety of ways. Nayar et al. (11)
evaluated the efficiency differences of different types of hospitals.
Hamidi (12) collected the balanced panel data of government
hospitals over 6 years and used the stochastic frontier approach
(SFA) model to measure the technical efficiency of government
hospitals through the input variables of beds, doctors, nurses, and
non-medical personnel in the hospital and the output variables
of the total number of inpatients and outpatients. Li et al. (13)
collected the relevant data of 12 county-level public hospitals
in Anhui Province, China, from 2010 to 2015. The results
showed that the technical efficiency of county-level hospitals in
China was low, and the surplus medical resources in poor areas
were much higher than those in non-poor areas. The overall
operating efficiency of hospitals in poor areas was very low,
and regional economic differences affected the performance of
hospitals. Jiang et al. (14) used the DEA model to calculate
the efficiency of 1,105 sample hospitals in 31 provinces of
China and confirmed the health care efficiency in China was
relatively low, with the highest efficiency in Eastern China
and the lowest in Western China. Owing to the emphasis on
the construction of large urban hospitals and the neglect of
basic medical service institutions, and on account of the blind
pursuit of interests by hospitals and excessive expansion of
hospital scale, the current medical resource use efficiency of
China is not high and there is a lot of wastage. To sum up,
the DEA model is widely used in medical and health systems in
related studies.

Many previous studies have focused on the relationship
between economy and medical resource allocation. Economic
crisis can lead to an increase in the unemployment rate and a
decrease in medical resources (15). Moreover, a poor economy
reduces the input of government fiscal revenue to public health
and the poor population has less access to health resources. From
an international viewpoint, with the improvement of national
economic development, the expenditure on medical and health
will also increase (16), and there is a long-term equilibrium
relationship between the two. The developed regions of China
have strengthened the less-developed regions through long-
term cooperation and transformation, which include support
for health technicians, equipment maintenance, and funding.
Local governments have reinforced regional health planning,
including the integration, and sharing of medical resources
among regions while focusing on weak links such as investment
in rural and community health resources. Based on the actual
conditions, all localities should improve the medical system
while achieving all-round development and gradually implement
and improve the allocation of health resources nationwide.
The measures to further meet the health service needs of
local people include increasing the total number of health
personnel, evaluating their service quality, and optimizing
the allocation of health personnel resources in areas with
low economic development (17). The problem of insufficient
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reserves of conventional medical resources becomes exposed
after the outbreak of public health emergencies and can be
resolved only through the “reconfiguration” ofmedical resources.
SNA involves studying social relationships and structures,
focusing on the internal networks between different social
actors (18). Developed in the 1930s, SNA is used to analyze
the relationships between people. It has developed rapidly
and combined with mathematics, statistics, computer science,
and other disciplines to become an interdisciplinary analytical
method. It is mainly composed of points and lines. It describes
the interactive structural relations between individuals through
quantitative indicators and reflects the characteristics of the
entire network structure and the position of individual objects
in the network structure. The structure in this study could
be behavioral structure, political structure, social structure,
or economic structure. The regional economy is open; any
region can have an economic connection and economic
penetration with other regions through the flow of resource
elements, such as population, materials, capital, technology,
and flow of information through economic agglomeration
and spillover. Therefore, it is of great significance to use
SNA to quantify the economic conditions and test the effect
of structural characteristics of economic networks on the
efficiency of health care in China. In the age of big data, the
statistical method in exploratory data analysis such as cluster
analysis is often used to discriminate objects by similarity
or difference. Since the introduction of k-means, due to its
effectiveness, simplicity, and speed in data analysis, the k-means
algorithm has been widely used in various fields, resulting
in different management practices. Based on the result of
DEA and SNA analysis, this study uses cluster analysis to
expand the depth of the research and puts forward targeted
suggestions accordingly.

METHODS AND MEASUREMENTS

Data Collection
All data are derived from authoritative sources such as the
ChinaHealth Statistical Yearbook, the relevant regional statistical
yearbook, and the statistical bulletin (2014–2018). The fixed
assets and human resources of health care should all be
considered when considering the current situation of efficiency
of health care in a certain area. According to the requirements
of the DEA model, the 31 provinces in China are taken as
decision units to evaluate health care in each province each year.
The number of medical and health institutions, the number of
hospital personnel, and the number of beds in medical and health
institutions are selected as the input indexes, and the hospital
bed utilization rate and total outpatient visits are selected as
output indicators based on the input and output indexes set in
the existing literature.

Variable Measurement
DEA-Malmquist
This study uses the DEA method to measure the efficiency
of health care in various provinces of China. DEA is a non-
parametric technical efficiency analysis method based on a
relative comparison between the evaluated objects. DEA has a
wide application range, a relatively simple principle, and does
not need to consider the dimensionality of data. Therefore, it
has a special advantage in analyzing the input-output efficiency
of the macroeconomic system. According to the requirements
of the DEA model, the 31 provinces in China are taken as
decision units to evaluate the efficiency of health care in each
province each year. Based on the input and output indexes
set in the existing literature, the number of medical and
health institutions, the number of hospital personnel (health

FIGURE 1 | The economic network construction of China.

Frontiers in Public Health | www.frontiersin.org 3 August 2021 | Volume 9 | Article 724736359

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Chai et al. Economic Network and Health-Care Efficiency

TABLE 1 | Characteristics of the economic network of China in 2018.

Province Indegree Eigenvector Clustering

Shanghai 3.00 0.25 0.85

Anhui 12.00 0.82 0.58

Shandong 24.00 1.00 0.28

Jiangsu 22.00 0.93 0.29

Zhejiang 11.00 0.79 0.61

Yunnan 5.00 0.07 0.54

Sichuan 11.00 0.15 0.38

Guangdong 14.00 0.38 0.38

Guangxi 4.00 0.08 0.51

Henan 23.00 0.96 0.30

Hubei 16.00 0.75 0.44

Hunan 13.00 0.47 0.43

Guizhou 4.00 0.06 0.70

Chongqing 7.00 0.10 0.51

Inner Mongolia 5.00 0.16 0.54

Beijing 6.00 0.30 0.67

Tianjin 5.00 0.25 0.70

Shanxi 9.00 0.41 0.56

Hebei 15.00 0.45 0.33

Jilin 9.00 0.21 0.40

Liaoning 2.00 0.01 0.65

Heilongjiang 2.00 0.01 0.55

Shaanxi 2.00 0.01 0.65

Ningxia 1.00 0.01 0.60

Gansu 4.00 0.04 0.45

Jiangxi 6.00 0.44 0.79

Fujian 2.00 0.07 0.83

Hainan 4.00 0.26 0.70

Xinjiang 0.00 0.00 0.51

Qinghai 1.00 0.01 0.67

Tibet 0.00 0.00 0.50

technicians, other technical personnel, management personnel,
workers, and technicians), and the number of beds in medical
and health institutions are selected as the input indexes. The
hospital bed utilization rate and total outpatient visits are
selected as output indicators. The smaller the efficiency value,
the greater the degree of resource waste under the existing
resource input. Caves et al. (19) applied the Malmquist index
to the production front efficiency analysis method to measure
efficiency and constructed an efficiency evaluation index by
using a distance function. To better understand the dynamic
distribution of medical resources in each province of China,
the Malmquist index is used to calculate and analyze the
medical resources in each province, which can solve the
problem of relative efficiency change. Total factor productivity
(TFP) change refers to the overall efficiency of production
activities in a certain period of time. TFP change can be
further decomposed into technical change and efficiency change.
Technical change stands for growth through technological
progress, while efficiency change represents the extent to which

existing technology is effectively utilized, assuming that the
overall return to scale remains unchanged. The efficiency change
can further be decomposed into pure efficiency change that
measures the changes in the closeness of the firm to the frontier
and scale efficiency change, which indicates if the movement
inside the frontier is in the right direction to attain the
scale efficiency.

Gravity Model and Economic Network
The gravity model is derived from the Newtonian law of gravity
in physics and it is widely used to describe the economic
relationships between cities (20). The gravity model can not only
reflect the radiating capacity of the economic center province to
the surrounding area but also reflect the degree of acceptance of
the surrounding area to the radiating capacity of the economic
center. In this study, the standard form of the gravity model
was adopted, that is, the strength of the economic connection
between two provinces is proportional to the mass of the
region and inversely proportional to the square of the distance
between them. The product of gross domestic product (GDP) and
population of the province is used to describe the quality of the
province, and the distance between the provincial capitals is used
to describe the distance between the two provinces.

The node assignment matrix of the regional economic
network map should be established to obtain the index of the
urban economic network map and its network density. The
average value of each line of the calculated gravity value matrix
is taken as the threshold value of the line. If it is greater than
the threshold value, the economic connection between provinces
is set as 1; if it is less than the threshold value, the economic
connection is set as 0.

Rij = Rji =

√
GDPiPi

√

GDPjPj

d2ij

Among them, Rij represents the economic attraction between
two regions (10,000 yuan ∗ 10,000 people/km2); GDPi and
GDPj represent the GDP of region i and region j, respectively;
Pi and Pj represent the population of region i and region
j, respectively; and dij is the geographical distance between
regions i and j. Both GDP and population data are derived
from the China Statistical Yearbook for the corresponding years
and the geographical distance between regions is expressed
as a straight-line distance between their provincial capitals.
Using UCINET, we create a directed graph (Figure 1), the
economic network composed of provincial central cities, and the
structural characteristics of the economic network are analyzed
by calculating the network density, degree centrality, and
eigenvector centrality.

Degree centrality: In the economic network of China, the
more direct connections between a province and other provinces
exist, the more central the province is in the network, the
greater “power” it has in the network. This index reflects the
economic communication ability between node provinces and
other provinces and the degree of centrality in the economic
network and reflects the core competitiveness of the provinces.
Centrality can be divided into indegree and outdegree centralities
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according to the direction of regional economic relations.
Indegree centrality reflects the extent to which a province
is influenced by other provinces and measures the economic
agglomeration ability of a province. The formula for indegree
centrality is as follows:

Indegreei =

n
∑

j=1

Fij

N is the number of nodes, and Fij is the economic connection
strength between provinces i and j.

The clustering coefficient: It refers to the ratio of the actual
number of edges to the maximum possible number of edges for a
small network composed of all nodes in the neighborhood of this
node. The clustering coefficient of a node is between 0 and 1. The
higher the value, the closer the connection between other nodes

connected to the node. The formula is as follows:

Clustering =
2Ei

ki(ki − 1)

In the formula, Ki is the number of edges connecting node i with
other nodes, namely, the degree of node i, and Ei is the number
of edges that exist between nodes of Ki.

Eigenvector centrality: It measures the importance of other
provinces associated with the province. The higher the centrality
of the feature vector of a province, the higher the node status of
other provinces directly related to it in the provincial network.

Eigenvectorjt = λ

Nt
∑

i=1

AijtEigenvectorjt

where Nt is the total number of nodes in the network and λ is the
maximum eigenvalue of the adjacency matrix Aijt .

TABLE 2 | Malmquist index summary of province means.

Province Efficiency Technical Pure efficiency Scale efficiency TFP

change change change change change

Shanghai 1 0.993 1 1 0.993

Anhui 0.976 0.985 0.977 0.999 0.961

Shandong 0.980 0.988 0.986 0.993 0.967

Jiangsu 0.990 0.993 1.014 0.977 0.984

Zhejiang 0.994 0.988 1 0.994 0.982

Yunnan 0.986 0.986 0.985 1 0.971

Sichuan 0.978 0.987 0.854 1.146 0.965

Guangdong 0.972 0.988 1 0.972 0.960

Guangxi 0.954 0.985 0.876 1.089 0.940

Henan 0.967 0.987 0.971 0.996 0.955

Hubei 0.968 0.987 0.858 1.128 0.955

Hunan 0.946 0.985 0.946 1 0.932

Guizhou 1.010 0.981 1.010 1 0.991

Chongqing 0.960 0.978 0.954 1.006 0.939

Inner Mongolia 0.975 0.978 0.976 1 0.954

Beijing 1.004 0.988 1.004 1 0.992

Tianjin 1 0.978 1 1 0.978

Shanxi 0.987 0.979 0.988 0.998 0.966

Hebei 0.965 0.985 0.969 0.996 0.951

Jilin 0.987 0.976 0.987 1 0.964

Liaoning 0.979 0.986 0.981 0.998 0.965

Heilongjiang 0.954 0.973 0.958 0.995 0.928

Shaanxi 0.975 0.983 0.976 0.999 0.958

Ningxia 1 0.955 1 1 0.955

Gansu 0.962 0.981 0.968 0.994 0.944

Jiangxi 0.954 0.984 0.953 1.001 0.939

Fujian 0.995 0.985 0.996 0.999 0.980

Hainan 0.990 0.956 1 0.994 0.951

Xinjiang 0.998 0.971 1.015 0.983 0.970

Qinghai 0.991 0.949 0.982 1.009 0.940

Tibet 1 0.928 1 1 0.928
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TABLE 3 | Descriptive statistics.

Variables N Mean S.D. Min Max

TFP change 155 1.074 0.542 0.280 2.965

Indegree 155 7.690 6.668 0.000 25.000

Eigenvector 155 0.292 0.309 0.000 1.000

Clustering 155 0.541 0.151 0.268 0.850

RESULTS

Individual Network Structure
Characteristics
Table 1 displays the individual network structure characteristics
of China in 2018. The indegree measures the ability of a
province to attract external resources. According to indegree,
the key provinces of China have a strong resource attraction
in the economic network of the country, with Shandong,
Henan, and Jiangsu ranking the top three. Shandong has
the highest eigenvector centrality, indicating that provinces
directly related to Shandong have a higher node status in the
economic network system of China, and the subnetwork quality
is composed of provinces directly related to Shandong is the
highest. Jiangsu, Henan, Anhui, and other provinces also have
high eigenvector centrality, which reflects that these provinces
have good relationship circles in the network. The clustering
coefficients of Shanghai, Fujian, and Jiangxi are higher, which
indicates that the neighboring provinces have a higher degree of
interconnection with these provinces.

Malmquist Index Measurement
From Table 2, we can see the Malmquist index and
decomposition of 31 Chinese provinces from 2014 to 2018.
During the period, the TFP of all 31 Chinese provinces declined.
Through further analysis, it is found that the TFP of Shanghai,
Guizhou, Beijing, Tianjin, Ningxia, and Tibet are reduced simply
because of technological decline. Technological progress is
the key factor to promote the improvement of TFP in China.
Shanghai, Beijing, and other provinces have relatively high
efficiency of health care, while provinces such as Heilongjiang
and Tibet have relatively low efficiency.

Descriptive Statistics
As shown in Table 3, there is a large gap between the maximum
and minimum values of the efficiency of health care, indicating a
high regional difference in the efficiency of health care in China.
In addition, the difference between the maximum and minimum
values of indegree is 25, indicating that the regional development
of China is relatively unbalanced, and there is a large gap in
economic status between regions.

Regression Analysis
As shown in Table 4, indegree and eigenvector centrality have
a significant positive correlation with the efficiency of health
care, while the clustering coefficient has a significant negative
correlation with the efficiency of health care in China. The more

TABLE 4 | Regression result.

Variables TFP change TFP change TFP change

Indegree 0.010*** – –

(2.850) – –

Eigenvector – 0.210** –

– (2.570) –

Clustering – – −0.266*

– – (−1.86)

Constant 0.885*** 0.895*** 1.126***

(13.850) (13.990) (11.550)

Observations 155 155 155

Region Control Control Control

Year Control Control Control

Adj R-squared 0.765 0.763 0.758

***p < 0.01, **p < 0.05, *p < 0.1.

centrally located the province is in the economic network of
China, the greater the efficiency of health care. However, the
closer the degree of connection with the critical provinces of
the province, the lower the efficiency of medical service data
allocation in the region.

Cluster Analysis
The principal component analysis (PCA) algorithm is first
used to extract the features of the structural characteristics
of economic network and efficiency of health care. The four
variables are divided into two categories and the contribution
rate of the characteristic variance is 0.859. The scores of PCA
are then used for cluster analysis to group similar instances
into clusters. Before determining the grouping category,
the evaluation indicators of each grouping are compared.
Sum_square represents the sum of the distances from the sample
to the nearest cluster center. The smaller the value, the better. The
smaller the value, the more concentrated the distribution of the
samples among the classes. The higher the score in silhouette, the
closer the distance between samples in the same category and the
different categories. As shown in Figure 2, it is more appropriate
to divide it into three categories.

In Figure 3, the x-axis is the score of the first component of
PCA, and the y-axis is the score of the second component of
PCA. The x-axis can be simply understood as the component
of the importance of economic network status, and the y-axis is
understood as the combination of the efficiency of health care and
the network constraint coefficient.

Category I: Inner Mongolia, Liaoning, Jilin,

Heilongjiang, Jiangxi, Guangxi, Hainan, Chongqing,

Yunnan, Xizang, Shaanxi, Gansu, Qinghai, Ningxia,

and Xinjiang
Most of these provinces belong to the western and northeast
regions, with a sparse population, relatively backward economic
transportation, low status of economic networks, and low
efficiency of health care. For such areas, the development of
medical institution construction projects should be accelerated
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FIGURE 2 | Cluster category evaluation index.

and the pilot construction of regional medical centers should
be promoted. In the face of the lack of bed resources, a
plan to increase the number of beds in medical and health
institutions should be put forward, and the Chinese government
should provide support for policy approval. Steps should be
taken to increase financial input and policy preference for
medical and health care in resource-poor areas, improve the
treatment level of talent in primary medical institutions, further
promote the reform of professional titles in primary medical
institutions, attach importance to the localization of medical and
health talents, consolidate the talent base of primary hospitals,
and promote the rational allocation of high-quality medical
service resources.

Category II: Hebei, Shanxi, Jiangsu, Anhui,

Shandong, Henan, Hubei, Hunan, Guangdong,

and Sichuan
Most of these provinces belong to the central region, which is
an important transportation hub with a superior geographical
location. They are also influenced by the radiation and driving
effect of the three major economic circles of China and have
a high status of the economic network and high efficiency of
health care. Such areas should strengthen the pace of medical
institution standardization construction and give full play to
their medical level advantage to truly build regional medical
centers, under the premise of complying with the total bed plan,
the size of beds should be increased reasonably according to
the change in regional population and medical needs. Measures
should be taken to improve the recruitment of public health
professionals at the community level, step up efforts to introduce
and train high-level public health professionals, establish a
multichannel funding guarantee and salary incentivemechanism,
allow medical staff in qualified regional medical centers to work
in more than one location, and encourage high-quality medical
personnel to be recruited.

Category III: Beijing, Tianjin, Shanghai, Zhejiang,

Fujian, and Guizhou
Due to the preferential policies and their advantages, provinces
such as Beijing, Tianjin, and Shanghai have concentrated on
advanced diagnosis and treatment technology, equipment, and
excellent personnel, with comprehensive development ability,
high status in the economic network, and high efficiency of
health care. Medical institutions in such areas should study
and formulate project construction plans based on the actual

FIGURE 3 | Result of cluster analysis.

situation of the region, integrate existing resources to compensate
for shortcomings, strengths, and weaknesses, improve quality,
further amplify the radiating and leading role of regional
medical centers, balance the distribution of medical resources
among regions, and coordinate fairness and efficiency. Under
the background of rich bed resources, the size of beds should be
strictly controlled while the reasonable increase of beds and strict
management should be carried out according to the requirements
of regional health planning. Local governments should cultivate
domestic high-end medical talents, recruit overseas high-level
medical and health talents globally, and lay a talent foundation
for the transformation and upgrading of medical centers. The
central government should also strive to provide financial
support for the national equalization of medical and health
services, increase the transfer payment to underdeveloped areas,
overcome the non-equalization of medical services caused by
the differences in financial capacity among provincial areas, and
finally realize the synchronous improvement in the quality and
efficiency of health care.

CONCLUSIONS AND SUGGESTIONS

In this study, the gravity model and SNA are combined to
study the structural characteristics of the economic network
of China, the DEA-Malmquist method is used to evaluate the
medical efficiency, and regression analysis is used to study the
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relationship between them. The results showed that the indegree
and eigenvector have a significant positive correlation with the
efficiency of health care in China, while the clustering coefficient
has a negative correlation with the efficiency of health care. It
suggests that the stronger the economic agglomeration ability, the
higher the efficiency of health care.

Moreover, to visualize the regional characteristics and put
forward targeted suggestions, the study extract features of
structural characteristics and efficiency of health care in China
by PCA algorithm and classify the provinces by k-means
clustering algorithm. According to the result of cluster analysis,
the provinces of the first category are mainly distributed in
the western and northeast regions where the economy and the
efficiency of health care are relatively low. The government
should increase the preferential policies in undeveloped areas
and raise the salary level of medical institutions in remote areas
to attract high-level medical personnel. Provinces of the second
category are mostly located in central China and have convenient
transportation, these provinces should take advantage of their
location and ability to attract capital to rapidly upgrade their
economies and serve as hubs to balance regional development.
Finally, the third category has a good economy and relatively
high efficiency of health care, which should pay attention to foster
medical staff of high quality and actively assist economically
backward areas.

Through the data analysis and mining in this paper, some
suggestions can be put forward. First, the government should
increase the construction of transportation especially in remote
areas, which can bring investment, talent, technology, and
other benefits to regions, and promote industrial interaction
among provinces to balance the economic structure of China.
In the short term, the medical level in remote areas cannot
be rapidly improved, so interprovincial medical treatment
should be included in the management of local medical
insurance departments. The medical insurance responsibilities,
cost-sharing, and dispute settlement mechanisms of the two
provinces should be clarified to protect the rights and interests
of patients seeking medical treatment in different provinces.

Moreover, transportation hub areas such as the central regions
in China should give full play to their regional advantages,
rationally plan the allocation of medical resources, and strive
to serve more people with better service. During the epidemic
period, a large medical resource reserve center should be
established here to facilitate assistance to surrounding areas and
save transportation costs. Finally, the fairness and accessibility
of the health service system should be properly determined
by the government with full consideration of various factors
such as the level of regional social and economic development,
population status, geographical conditions, distribution of health
resources and services, the demand of residents, and utilization
of health services.

As the number of cases of COVID-19 is increasing worldwide,
any country may face the prospect that the number of
critically ill patients will outpace the available care resources.
Correspondingly, the government should avoid the shortage of
medical resources and formulate relevant policies to rectify the
areas with low economic network status and low efficiency of
health care. The state can strengthen macro-control to promote
mutual coordination ofmaterials and human resources in various
regions, enhance and balance regional economic development,
and improve the efficiency of health care at the same time.
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Health improvement has become a significant social priority since a moderately good

human capital condition improves the workforce’s abilities, efficiency, and quality of life.

A rapid increase in healthcare expenditure is a trend in major developing and developed

countries; however, healthcare expenditure widely varies among most Asian countries.

Asian countries contribute a significant amount of output to economic development

worldwide. The statistical test power is more efficient for the pooling of national data

than individual national data because of the economic value and trade integration of

regional nations. This is the first study that applies the quantile-on-quantile approach to

investigate the influence of the quantiles of healthcare on the quantiles of the economy’s

growth for pooling forty countries in the Asian region. As the quantile of healthcare

expenditure increases in the countries, the impact of healthcare expenditure on the

economy’s growth does not guarantee an increase. The positive and negative effects

of healthcare expenditure on developing the economic relationship will repeatedly occur

when the quantiles of the economy’s growth increase in the countries. One implication

is that the governments should account for problems such as corruption, bureaucracy,

underinvestment, and inefficiency in health-related resource utilization.

Keywords: quantile-on-quantile, health, economic growth, Asia, pooling data

INTRODUCTION

Health improvement has become a significant social priority since a moderately good human
capital condition improves the abilities, efficiency, and quality of life of a workforce. Moreover,
through its impact on the output in production and service, human capital accumulation is a
primary determinant of economic development (1). Accordingly, health is an essential bridge to
link human capital accumulation and economic growth.
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A country’s condition of health impacts economic
development in multiple ways. Manufacturing and service
are value added by incorporating expert knowledge, capital
equipment, technical expertise, and medical science when public
health status increases (2, 3). The determinant of the level of
expenditure, the social policy environment, and the quality of
services is relative to health outcomes (4). Health outcome relies
on competitiveness and quality for individuals, since healthy
employees have more ability to create innovation (5, 6). On the
demand side, people will demand the best health services as
they are richer, and they are thus willing to pay a higher price
for more quality private healthcare services. Even if expenditure
levels are low, health status would be a better outcome for a
country where the government executes its social and health
policies well (4). The government’s health expenditure is one of
the essential factors with which to accumulate human capital as
health status has been considered one of the unique elements
that affect economic growth for a country (7).

Since human capital is a critical indicator in the endogenous
growth model that was proposed in the 1990s, health in a country
is noticed by researchers and policymakers in academics and
in practice. The health-led growth hypothesis is proposed by
Mushkin (8) who addressed that healthcare expenditure in a
country is important to increase economic growth. An increase
in funds, activities, and efforts related to health is expected to
increase the wealth of individuals and society in a country.
Previous research mainly suggested three outcomes to show the
way that health affects growth, i.e., positive relationship (9–16),
negative relationship (1, 17, 18), and neutrality (19–21). On
the other hand, certain studies analyze the relationship by pool
(panel) data, and the results are mixed depending on different
groups of economic development (1, 3, 22–29).

According to the geographic position, health and economic
development are vital in Asia countries. From the perspective
of economic, Asian countries contributed ∼60% of the world
GDP per capita in 2017. On the other hand, investigating
healthcare expenditure is important for the government to
improve the health system and health plan of a country,
as a rapid increase of healthcare expenditure is a trend in
major developing and developed countries (30, 31). According
to the global health expenditure database in World Health
Organization, healthcare expenditure as a percentage of GDP
varied from 1.5 to 11.5 among Asian countries in 2017. In sum,
previous studies investigated the impact of health on economic
development in traditional time series models. Limited studies
examined the relationship in Asian countries using the quantile-
on-quantile method.

This study applies the quantile-on-quantile method which
combining conventional quantile regression and non-parametric
estimation techniques. To the best of our knowledge, this study
is the first to investigate the impact of health on economics by
applying the quantile-on-quantile method in Asian countries.
The quantile-on-quantile analysis is an advanced method that
provides more comprehensive information for the influence of
quantiles of health on the conditional quantiles of economic
growth. In addition, the pooling of national data is adopted
because of the value of economic and trade integration of regional

nations. The statistical test power is more efficient for the pooling
of national data than individual national data (3). The results will
give the government more reference to form health systems and
policy strategies for Asian countries.

DATA AND METHOD

In this study, pooling data from forty Asian countries is used to
investigate the influence of healthcare quantiles on the quantiles
of economic growth. The study uses the percentage of healthcare
expenditure on GDP as a proxy of healthcare and real GDP
per capita as a measure of economic growth by following prior
studies regarding the aspect of the health-growth nexus. The
collected annual data from 2000 to 2017 are sourced from the
World Bank, and each series of real GDP per capita has a
processed logarithm. We examine the order of integration of
the variables taken into account in the analysis before we move
to empirical investigation. The proxy variables are stationary at
the level since the null hypothesis with regard to the variables is
significantly rejected in the panel unit root test by using the LLC
test (32) and Fisher-PP test (33). Thus, the data are used for the
following empirical investigation.

Sim and Zhou (34) introduced the quantile-on-quantile
framework incorporating the quantile regression element and a
non-parametric methodology to identify asymmetric and spatial
attributes for a model over time. The quantile-on-quantile
approach is applied in this study to measure the effect of the
quantiles of healthcare on the quantiles of economic growth
using a data pooling of 40 countries in Asia. The non-parametric
quantile regression model implemented in the analysis is seen
as follows:

Yt=βθ (Xt)+µθ
t

where Yt represents real GDP per capita of the samples at
period t, Xt represents the percentage of healthcare expenditure
on GDP of the samples at period t, θ is the θth quantile of
the conditional distribution of real GDP per capita, and µθ

t

is the quantile residual term whose conditional θth quantile
is assumed to be zero. βθ (·) is unknown in the model since
we lack prior knowledge of the connection between healthcare
and economic development. In non-parametric quantile-on-
quantile estimations, the bandwidth (denoted as a parameter of
h) selection is crucial since it governs the estimated coefficients’
smoothness. Following the setting in Sim and Zhou (34), this
study sets 5% bandwidth of density function (h = 0.05) for
optimal parameters to solve the minimization problem.

For more detail on the derivation of the mathematical model
in time series, refer to Sim and Zhou (34). The quantile-on-
quantile regression combinates the advantage of both quantile
regression and non-parametric estimation. The approach applied
in this study presents more comprehensive knowledge about how
various quantiles of healthcare impact quantiles of healthcare
influence different quantiles of economic growth in the results.

Frontiers in Public Health | www.frontiersin.org 2 August 2021 | Volume 9 | Article 689610367

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Wu et al. A Quantile-On-Quantile Apporoach

FIGURE 1 | THe estimation of the slope coefficient three-dimensional

diagram. X indicates healthcare expenditure; Y indicates economic growth.

RESULTS

Quantile-on-Quantile Estimates
This part describes the healthcare and economic growth’s
empirical results by investigating pooling data by applying the
quantile-on-quantile method. Figure 1 illustrates the estimates
of the slope coefficient β1(θ , τ ), which evaluate the effect of the
τ th quantile of healthcare expenditure on the θth quantile of
economic growth at different values of θ and τ for pooling 40
Asian countries under consideration. For the individual forty
countries in Asia, the health-growth nexus is classified into nine
groups in a matrix. Based on the evidence in prior studies, the
power of the statistical test is more efficient for the national data
pooling rather than individual national data. The relationship
between healthcare and economic growth is heterogenous for the
quantiles of the health-growth nexus.

Figure 2 illustrates the statistically significant coefficient
values of the explanatory variable in a two-dimensional diagram
to more clearly present main information in the results.
The significant coefficient values and the relationship between
variables of interest move from low to high as the color bar
shifts from blue to red. The colored bar is scaled which shows
the numerical values associated with the different colors for the
coefficients, following other studies in the literature that use the
QQR technique (34–37). This study discusses seven major areas
in the results as follows.

In area 1, a negative impact of healthcare on the economy’s
growth is detected at the lowest to high quantiles of healthcare
expenditure (0.05–0.90) with the lower quantiles of economic
growth (0.05–0.1) as shown by the blue areas. The negative
impact of healthcare on the economy’s growth is more substantial
at middle and high quantiles of healthcare expenditure rather
than low quantiles as the color bar is dark blue at middle and
high quantiles of healthcare expenditure.

Focusing on area 2, the relationship positively running from
healthcare to economic growth in the countries is located in the
point that incorporates the lowest to high quantiles of healthcare
expenditure (0.05–0.90) with the low quantiles of economy’s
growth (0.15–0.3) as shown by the red areas. The positive
impact of healthcare on the economy’s growth is strong at low
quantiles of healthcare expenditure. It then becomes weak at
middle quantiles and converts into strong at high quantiles of
healthcare expenditure. The color bar is dark red at low quantiles
of healthcare expenditure; it becomes light at middle quantiles; it
again becomes dark red at high quantiles. The result confirms the
evidence of Rana et al. (38) and Chaabouni and Saidi (27) who
reported that the relationship runs from healthcare to economic
growth in low-income countries, although Sarwar et al. (20)
noted that insufficient evidence shows that healthcare leads the
economy’s growth.

In area 3, the linkage between healthcare and the economy’s
growth is negative in the countries situated in the zone that
combines the lowest to upper-middle quantiles of healthcare
expenditure (0.05–0.75) with the lower-middle quantiles of the
economy’s growth (0.35–0.45) as shown by blue areas. The
negative impact of healthcare on the economy’s growth is strong
at low quantiles of healthcare expenditure, becoming weak
at middle quantiles and weakest at upper-middle quantiles of
healthcare expenditure. Referring to area 3 in Figure 2, the blue
color is relatively dark at low quantiles of healthcare expenditure
rather than upper-middle quantiles.

In area 4, a positive relationship running from healthcare
to economic growth in the countries exists, a mixing the low
to upper-middle quantiles of healthcare expenditure (0.1–0.75)
with the middle to upper-middle quantiles of the economy’s
growth (0.5–0.6) as shown by red areas. The positive impact of
healthcare on the economy’s growth is strong at low quantiles of
healthcare expenditure, then become weak at middle quantiles
and become weakest at upper-middle quantiles of healthcare
expenditure. The dark red color becomes light as the quantiles
of healthcare expenditure increase in this area. Somehow, the
nexus is positive at the point, mixing the highest quantiles of
healthcare expenditure (0.95) and middle quantiles of economic
growth (0.55). This evidence corroborates that of Chaabouni and
Saidi (27) who found the causality running from healthcare to the
economy’s growth in middle-income countries.

Focusing on area 5, the relationship between healthcare and
economic growth is negative in the countries located in the
region that pair the lowest to high quantiles of healthcare
expenditure (0.05–0.85) with the upper-middle to high quantiles
of the economy’s growth (0.65–0.85) as shown by blue areas.
The healthcare expenditure’s negative impact on the economy’s
growth is strong at the lowest healthcare expenditure quantiles.
Then, it becomes weak at middle quantiles and becomes strong
again at high quantiles of healthcare expenditure. The dark blue
color becomes light as the quantiles of healthcare expenditure
increase; however, the dark blue color shows up again at high
quantiles of healthcare expenditure.

In area 6, the association between healthcare and the
economy’s growth is positive in the countries located in the
zone that pair the lowest to high quantiles of healthcare
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FIGURE 2 | The estimation of the slope coefficient two-dimensional diagram. X indicates healthcare expenditure; Y indicates economic growth.

expenditure (0.05–0.85) with the high to highest quantiles of the
economy’s growth (0.9–0.95) as shown by red areas. Healthcare
expenditure’s positive impact on the economy’s growth is more
substantial at the lowest to middle quantiles of healthcare
expenditure rather than high quantiles. The color bar is dark
red at low quantiles of healthcare expenditure, and it becomes
light at the middle quantiles. Interestingly, in area 7, healthcare’s
negative impact on the economy’s growth is shown for the
countries positioning at the upper-middle to highest quantiles
of healthcare expenditure (0.8–0.95) and middle to highest
quantiles of the economy’s growth (0.6–0.95) as shown by blue
areas. Healthcare expenditure’s negative impact on the economy’s
growth is stronger at middle and high quantiles of healthcare
expenditure rather than low quantiles. Furthermore, the results
complement those of Amiri and Ventelou (39) and Rana et al.
(38) who find in their study of the health-economic nexus in
the OECD countries and 161 countries that health influences
economic growth in high-income countries. However, the results
differ from those of Sarwar et al. (20) who indicated insufficient
evidence of causality from healthcare to economic growth for
high-income countries.

In sum, although healthcare spending is on the rise in society,
economic development does not ensure growth. Specifically, the
relationship between healthcare expenditure and the economy’s
growth does not exist at upper-middle quantiles of healthcare
expenditure. The positive effect of healthcare expenditure on
the economy’s growth relationship and the negative impact of
healthcare expenditure on the economy’s growth relationship
will repeatedly occur when the economy’s growth increases in
the countries.

The validity of the Quantile-on-Quantile

approach
In the current analysis, the quantile-on-quantile method was
applied to regress the θth quantile of economic growth on the

τ th quantile of healthcare expenditure. The average values of
slope parameters relating to the quantile-on-quantile regression
approach should be approximately similar to those of traditional
quantile regression to validate the results of the quantile-
on-quantile regression approach in the previous discussion.
The quantile regression parameter indexed only by θ can
be generated by averaging the quantile-on-quantile regression
parameter along τ . The slope coefficient of the quantile regression
model can be obtained by the following formula, where this
coefficient measures the impact of healthcare expenditure on the
distribution of economic growth, which is expressed by γ1 (θ ):

γ1 (θ)≡
¯̂
β1 (θ)=

1

s

∑

τ
β̂1 (θ ,τ)

where s is the number of quantiles and τ = [0.05, 0.10,
. . . , 0.90, 0.95]. Figure 3 provides a comparative assessment of
the quantile-on-quantile regression approach with the quantile
regression method; it confirms the previous findings and follows
similar trends.

DISCUSSION AND CONCLUSION

The prior research provides insufficient information on whether
the health-growth nexus differs across countries under or
over-spending regarding healthcare. To the best of our
knowledge, this is the first study attempting to analyze the
true dependency causality running from health to economic
growth by considering 40 Asian countries. We used quantile-
on-quantile regression techniques to investigate different health
quantiles’ effects on the entire range of economic growth. In
sum, as the healthcare quantiles expenditure increase in the
countries, the impact of healthcare expenditure on the economy’s
growth does not guarantee an increase. On the other hand, the
positive effect of healthcare expenditure on the economy’s growth
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FIGURE 3 | The coefficients in different quantile from the estimation of quantile

regression and quantile-on-quantile estimate. The black line indicates the

estimates of coefficients in different quantiles for the quantile regression

method. On the other hand, the dashed line indicates the coefficients’

estimates in different quantiles for the averaged quantile-on-quantile. X

indicates healthcare expenditure.

relationship and the negative impact of healthcare expenditure
on the economy’s growth relationship will repeatedly occur when
the economy’s growth increases in the countries. Specifically, the
relationship running from healthcare to the economy’s growth is
not favorable in the countries where the governments spend high
healthcare expenditure.

As healthcare expenditure changes from low to high quantiles,
the impact of healthcare expenditure on the economy’s growth
becomes weak for most quantile of economic growth. The results
corroborate with Ye and Zhang’s (40) study, which analyzed the
effect of health expenditure on the economy’s growth in OECD
countries. They indicate that technology innovation, to provide
value creation, mainly contributes to the economy’s growth
in developed countries. Thus, the contribution of healthcare
expenditure to economic growth is weak. On the other hand,
the strong impact in low quantile healthcare expenditure in our
result supports the prior study of Rana et al. (38). Rana et al.
(38) investigated low-income countries and addressed how the
external resources contributed from the foreign countries to low-
income countries are the possible reason to justify the impact.
Poverty and inequality lead to the spread of infectious diseases
that affects public health (41–43). Thus, the governments in low-
income countries should construct health systems with sufficient
investment and health workers that contribute to the citizens,
preventing disease.

The sign of the nexus between healthcare expenditure and
economic growth repeatedly changes in terms of the extent
of different quantile combinations of health expenditure and
economic growth. Grossman (44) presents the concept of “health

capital” as part of the demand model for “good health.” Based
on the insights, healthcare expenditure in human capital is
not guaranteed to satisfy health outcomes. However, healthcare
expenditure possibly leads to good health outcomes depending
on the healthcare resource utilization. The governments should
be concerned with universal health coverage in health policies
for low- and middle-income countries. Investigating the major
social health insurance program in Indonesia, Erlangga et al. (45)
indicated that the health insurance program, subsidized by the
Indonesian government, enhances the utilization of outpatient
and inpatient care. In particular, the program benefits individuals
who need comprehensive hospitalization and medical treatment
since inpatient care is relatively expensive in healthcare in
Indonesia. The process of human capital accumulation could be
inefficient as the negative impact of health on economic exits
in a country. The inefficiency likely derives from systemic and
institutional causes in public administration and the different
market structures of health services in the field of health policy
services (1). In developing and emerging countries such as
Myanmar, Nepal, Bangladesh, India, Pakistan, and Indonesia,
inequality in health care use exists in society. The opportunity for
healthy home care practices is incrased in higher socioeconomic
individuals rather than lower socioeconomic individuals (46).
The government should concern the policy in which lower
socioeconomic individuals would benefit from health care
systems. Resource allocation and governance in healthcare are
vital for the government to benefit the individual’s health (47).
Thus, the governments should account for the problem such as
corruption, bureaucracy, underinvestment, and inefficiency in
health-related resources utilization.

Therefore, understanding a health policy’s potential benefits
and problems, with reference to the political climate, and
with the uncertainty in the economic environment, can teach
some interesting lessons to policymakers. Since the relationship
between health and economic growth varies in different levels of
health care status quo and economic development in a country,
it is important to identify which area the country is in.

Western economies link with Asian countries in terms
of economic development and the spread of products and
jobs worldwide. Globalization has linked economies worldwide
and increased the interdependence of global markets in
the past three decades. From a macroeconomic perspective,
international trade in globalization benefits developed countries
(48). The consumption of commodities such as electrical
and machinery products could not suffer from disruption in
developed countries in the Western world, while a healthy
and abundant workforce in major Asian countries contributes
to labor-intensive manufactured exports (49). On the other
hand, from a microeconomic perspective, human capital and
technology are key components explaining economic growth. In
major developed countries such as the United States, a highly
educated workforce is an important element for a company
to provide innovative products and services in technology and
knowledge-intensive industries. People from Asian countries
have represented the largest share of the workforce in the Silicon
Valley of the United States where the world’s largest high-tech
companies and thousands of tech start-ups are (50). Health is an
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important factor in the productivity of workers, as poor health
can impair performance and reduce the quality of the labor
workforce (51). Thus, possessing a healthy labor force is vital for
Asian and Western economies where firms and consumers gain
from specialization in a global supply chain.

Previous studies have been unable to clarify the heterogeneous

status linkages between health and economic growth in Asia

under different health-economic conditions. The time series

models used in past research could not detect the deeper
connection between health and economic growth at different
quantiles of the variables as conventional quantile regression
is used to measure an explanatory variable’s influence on
the quantiles of another variable. Thus, the evidence may be
inadequate for the policymakers making decisions in the aspect
of health-related policy. This study used the quantile-on-quantile
method, which allows heterogeneous status to be studied in light
of its results. Thus, the potential connection and inadequate
related researches in the health-economic nexus prompt us to
contribute to this area. This study was conducted in Asian
countries, and evaluation and comparison on various geographic
or worldwide economies are recommended to validate the impact
of health on economic growth in future research.
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This study focuses on the perception of Chinese students about the image of the

company and their purchase intention if the organization has a business cynical

impression in the minds of its targeted customers. The study proposed three different

types of corporate social responsibility (CSR) to cope up with the organizational cynical

impression. These types are Economic and Legal CSR, Philanthropic CSR, and Ethical

CSR. The main objective of this study is to determine which CSR type is better to reduce

the corporate cynical impression on corporate image and the purchase intentions of

consumers. In the study design, the bootstrap approach and AMOS 24were employed to

deal with mediation. The researchers recruited 500 individuals from different educational

institutions in China using a simple random selection process. The outcomes of this study

indicated that all three types of CSR are successful in mitigating the detrimental effects

of corporate cynicism on the image of a firm and the purchase intentions of consumers.

A more effective technique of boosting the corporate image of a company and purchase

intention of a consumer is via charitable CSR, which may help restore the image of a

company and the purchase intention of a consumer that has been affected by corporate

cynicism among its target customers.

Keywords: economies CSR, business population, corporate cycle, population health, corporate capital

INTRODUCTION

Environment competition in the current business has exploded in every aspect of life. This
cut-throat competition at workplaces gives rise to cynicism factors such as jealousy and other
negative attitudes toward the organization (1). Organizational cynicism is a pessimistic approach
and originates when employees perceive that the company lacks integrity, which is usually the
consequence when the employees are not meeting their basic expectations such as ethics, honesty,
and justice. Organization can reduce their cynicism characteristics in employees by improving
their corporate image through the utilization of proper corporate social responsibility (CSR)
activities (2).
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Corporate social responsibility in the current decades is
becoming more important and growing interest has attracted
the attention of stakeholders and scholars. It is a management
approach that entails the organizations to incorporate social
and environmental concerns in their business activities and
interactions with the stakeholders. This motivated the companies
to conduct diverse CSR activities as they realized both intangible
and tangible aspects are compulsory for conducting business.
Furthermore, socially responsible activities are becoming
increasingly important to all stakeholders. Thus, corporations
can enhance their relationships with stakeholders by adopting
different CSR strategies (3). In achieving this, corporations
should communicate their CSR activities efficiently with their
stakeholders by developing management relationships to meet
their expectations and accomplish the desired goals of CSR
projects (4).

With rising globalization and strong rivalry in the business,
CSR is now one of the most important components of an
organization to create long-term sustainability and competitive
advantage. A properly implemented CSR framework adds a lot
of competitive advantages to an organization, such as enhanced
corporate image, better risk management, improved quality
and productivity, increased sales, and profit maximization.
Furthermore, the framework helps in decision-making processes,
enhances loyalty and the purchase intentions of consumers
(5). CSR has been studied from different perspectives while
widely recommended CSR components include legal, economic,
philanthropic, and ethical CSR. Many previous studies have
investigated the effect of CSR on different organizations (6–8).

Overall global companies are attempting to respond their
all stakeholders, i.e., suppliers, consumers, government, and
communities, through adopting CSR activities. Consumers are
one of the most important stakeholders of an organization
and becoming more aware of incorporating CSR activities into
their purchasing decision. Empirical evidence concluded that
the attitudes and intentions of consumers are influenced by
CSR activities only if consumers have awareness related to
such activities (9). Furthermore, organizations can enhance their
corporate image by utilizing CSR activities efficiently which in
turn has a significant impact on the purchase intention of their
consumer. Related works of literature also revealed that CSR
activities can improve the attitudes and purchase intentions of
the consumers, as well as the corporate image (10–12).

Existing studies have demonstrated the impact of
organizational cynicism in other different contexts. To the
best of our knowledge, organizational cynicism has not been
studied with CSR initiatives in such a way that how the
organizations can improve their image and consumer purchase
intentions through mediating the role of CSR (economic, legal,
ethical, and philanthropic) initiatives (13–15).

The remaining structure of the study is as follows: the second
section provides related works of literature to review prior
studies on considered constructs. The third section discusses
the methodology of the study which was employed to test the
hypothesis. The fourth section is related to the interpretation of
our empirical study. Lastly, the fifth section concludes the study
by offering implications and future recommendations.

LITERATURE REVIEW

Organization Cynicism
Organizational cynicism has been defined in works of literature
from different perspectives but researchers have identified
certain fundamental challenges in conceptualizing organizational
cynicism. According to the study conducted by Crisostomo,
(16) organizational cynicism has been defined as the negative
attitude and judgment of an employee toward the processes and
structure of their organization. On the other hand, organizational
cynicism is termed as the negative emotions of a person toward
their employment and the beliefs that the organization lacks in
integrity and honesty. Organizational cynicism involves negative
emotional reactions and sharp criticism toward the workplace.
Previous studies concluded various factors which highlight
cynicism in organizational stakeholders, such as administrative
competence, organizational support, working environment, and
trust of administration (17). Based on the prior discussion, we
can propose our hypothesis as follows.

H1: Corporate cynical impression has a negative impact on the
corporate image.
H2: Corporate cynical impression has a negative impact on the
purchase intention of the consumer.

Corporate Social Responsibility
Many authors argued that CSR does not have a universally
accepted definition and has been defined from different
perspectives. Most definitions of CSR consist of components
such as environmental, social, and all stakeholders of the
company (18–20). CSR comprises ethics, business relationships,
governance, community involvement, transparency, and many
other employment practices. It has been found that CSR and
its components significantly increase economic benefits which
motivate the organizations to adopt those CSR activities to
help them in developing strategies. Furthermore, CSR is a
voluntary commitment of corporations to transcend implicit and
explicit obligations which are imposed on corporations by the
expectations of society of traditional corporate behavior (21–
24). CSR has main four dimensions: economic, legal, ethical,
and philanthropic activities. Studies suggested that economic and
legal CSR activities are socially required, ethical CSR initiatives
are socially expected, and philanthropic CSR activities are socially
desired (25–27).

Economic and Legal CSR
Economic CSR is primarily concerned with the economic
development and progress of society and addresses the economic
responsibilities of an organization to its stakeholders. The
economic CSR comprises investment return for stakeholders
and owners, creation of employment, remuneration for the
employees, and discovery of new resources. Whereas legal CSR
is concerned with rules and regulations which organizations
must follow (28). It includes expectations, specific rules, and
regulations as well as the role with respect to playing regulations
(29, 30). Legislations, control, and regulations are essential
drivers toward compliances and compulsory for the existing CSR
standards. Due to this, societies expect businesses to consider the
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social-legal system while carrying out their economic purpose
(31–34). Based on the above discussion, we can propose our
hypothesis as follows.

H3: Economic and Legal CSR has a positive impact on the
corporate image.
H4: Economic and Legal CSR has a positive impact on the
purchase intention of the consumer.

Philanthropic CSR
Philanthropic CSR activities are referred to as the involvement
of a corporation in promoting human welfare and goodwill
have a broad range for assessing and selecting decision-making
situations for specific activities and humanitarian collaboration
to benefit society (35). The origin of philanthropic CSR is
that business and society are interwoven through inherent and
fundamental approaches. Philanthropic activities are identified
as an optional add-on, as a charitable obligation and voluntary
action, these are the actions that create social and economic
benefits and corporate wealth is being utilized for welfare and
development purposes (36). Based on the prior discussion, we
can propose our hypothesis as follows.

H5: Philanthropic CSR has a positive impact on the
corporate image.
H6: Philanthropic CSR has a positive impact on the purchase
intention of the consumer.

Ethical CSR
The modern business environment nowadays is seeing an
increase in demand for ethical CSRs (37, 38). Ethical CSR is
related to those activities which are not specified by the law
but are expected to be done by corporations for the respect
toward individuals, prevent the loss, and minimizing societal
damage (39, 40). These responsibilities have rooted in human
rights. In simple words, ethical responsibilities are concerned
with the obligation of the company to make fair decisions and
successfully combine the interest of society. Many studies claim
that companies are realizing that generating funds requires an
ethical foundation (41, 42). Hence, ethical CSR is a powerful
tool of differentiation and offers various benefits to companies,
such as advocacy, purchase intentions, consumer loyalty, and
building a positive corporate image (43–45). Based on the above
discussion, we can propose our hypothesis as follows.

H7: Ethical CSR has a positive impact on the corporate image.
H8: Ethical CSR has a positive impact on the purchase
intention of the consumer.

Corporate Image
Corporate image has been demonstrated to be an important
precursor to service and corporate evaluation. This is because the
corporate image is a public perception of beliefs, information,
experiences, emotions, and impressions of a company (46, 47).
On the other hand, corporate image is defined as a non-
physical component of a company and its image in the mind
of stakeholders. These stakeholders which are both internal and
external are essential elements of a company. Corporate image is
linked to the characteristics of a company which are subdivided

into CSR initiatives and corporate capability (48, 49). All positive
characteristics of a company lead to a good corporate image
which in turn increases the loyalty and purchase intentions of the
consumer to buy the products of a company (50).

Corporate image is a valuable asset and provides a strategic
advantage to an organization. The companies can attain a
competitive advantage in the competitive market through
a positive corporate image. Increasingly, organizations are
emphasizing their CSR efforts which improve their corporate
image. Previous studies addressed that corporations can shape
their positive corporate image by public awareness of CSR
activities (51–53).

Consumers Purchase Intentions
Corporate social responsibilities have a significant impact on
the willingness to pay and purchase intentions of a consumer
(54). The purchase intentions of a consumer are influenced by
local community contribution and corporate social contribution.
The local community members establish their association with
the organization and this bonding influences their purchasing
intentions. Furthermore, many authors argued that consumers
exhibited a higher purchase intention for socially responsible
companies than the companies who are socially irresponsible
(55, 56). Companies can enhance the purchase intentions of their
consumers by taking CSR initiatives in organizations. Previous
studies concluded that CSR activities have a positive impact
on the purchase intentions of consumers. Therefore, companies
should focus on CSR activities because these help organizations
to enhance their corporate image, which will ultimately influence
the purchase intentions of consumers (22, 25, 35, 36, 57).

Organizational Cynicism and Corporate
Image
Organizational cynicism is a pessimistic approach to the attitude
of an individual at its workplace, it is also a belief that an
organization is lacking its honesty, has a bad effect on its
workplace, and tendency to disapprove significant activities
against the firm that are reliable with these attitudes and
effects (4, 11, 16, 58). Organizations can improve their positive
image and can attract their consumers through CSR activities.
The perception of consumers on the products and services of
a company plays a significant role in developing a positive
corporate image in the mind of an individual. Again, corporate
image is defined as the perception of the public about beliefs,
information, experiences, emotions, and impressions of a
company. It has also been termed as a non-physical component of
a company and its image in the mind of stakeholders. Companies
can attain a competitive advantage in the competitive market
through a positive corporate image (16, 34, 58–60). All positive
characteristics of a company lead to a good corporate image
which in turn increases the loyalty and purchase intentions of
consumers to buy the products from a company (61). Based on
the prior discussion, we can propose our hypothesis as follows.

H9: The negative impact of corporate cynical impression
could be reduced upon corporate image when we introduce
Economic and Legal CSR as mediators in this relationship.
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H10: The negative impact of corporate cynical impression
could be reduced upon corporate image when we introduce
Philanthropic CSR as a mediator in this relationship.
H11: The negative impact of corporate cynical impression
could be reduced upon corporate image when we introduce
Ethical CSR as a mediator in this relationship.

Organizational Cynicism and Consumers
Purchase Intentions
Organizational cynicism is one of the factors which have
a negative effect on the purchase intentions of consumers.
Organizational image influences the purchase intentions of a
consumer either directly or indirectly. Organizational negative
characteristics badly influence the trust and the purchase
intentions of consumers. On the other hand, organizational
positive characteristics enhance corporate image and build a
strong relationship with the consumers to purchase its products
(24, 29, 48). Based on the above literature, we can propose our
hypothesis as follows:

H12: The negative impact of corporate cynical impression
could be reduced upon consumer purchase intention when
we introduce Economic and Legal CSR as mediators in
this relationship.
H13: The negative impact of corporate cynical impression
could be reduced upon consumer purchase intention
when we introduce Philanthropic CSR as a mediator in
this relationship.
H14: The negative impact of corporate cynical impression
could be reduced upon consumer purchase intention when we
introduce Ethical CSR as a mediator in this relationship.

CSR Dimensions and Organizational
Cynicism
Organizational cynicism is termed as the negative emotions
of a person toward their employment and their belief that
the organization lacks in integrity and honesty. Organizational
cynicism involves negative emotional reactions and sharp
criticism toward the workplace. Organizations can improve their
corporate image and can reduce the influence of negative factors
through CSR activities (23, 33). CSR is considered an important
factor for the success of an organization. It can be termed as a
strategic approach that helps companies to reduce the negative
impact of organizational cynicism on their image. CSR activities
among organizations and their stakeholders often contribute to
the macroeconomic progress of a developing nation by providing
long-term benefits to all (1, 37, 46). Previous studies have
investigated the impact of CSR initiatives on businesses and
suggested that implementing socially responsible initiatives in
organizations can result in a variety of positive eventual results
(8, 47, 62). CSR is regarded as one of the best practices for
avoiding the negative image of a company and gaining legitimacy.
All these CSR initiatives including economic, legal, ethical, and
philanthropic create a positive image of the corporation and
reduce organizational cynicism (8, 15, 33, 62).

CSR Dimensions and Corporate Image
Companies can improve their corporate image by engaging
in CSR activities because a positive corporate image works
as a competitive advantage for companies. More companies
can attract the purchase intentions of their consumers through
CSR activities and a positive corporate image (23, 27, 39),
in addition it will provide enough light to CSR initiatives
(economic, legal, ethical, and philanthropic) and their impact
influencing corporate image. Economic CSR is the responsibility
of a company to generate funds through economic activities,
and it describes the maintenance of competitive advantage,
maximizing of earning per share, and encountering continual
profits which are the indicator of a successful business (49,
50, 53, 63). Legal CSR is concerned with doing business fairly
and achieving or surpassing all relevant legal responsibilities at
local and federal levels. The previous studies revealed that CSR
activities have a significant positive impact on corporate image.
Ethical responsibility is identified by minimization of risk and
internal control system that can lead to the offering of products
that are beneficial for consumers. Related works of literature have
asserted the impact of unethical CSR and ethical CSR on the
corporate image and found that ethical CSR enhances corporate
image significantly (29, 43, 48). Philanthropic CSR corresponds
to improving the quality of life for society as a whole by donating
the resources of a company, facilities, and time to the community
of an employee for free. The prior studies have documented that
philanthropic CSR activities have an influential impact on brand
attitude which leads to enhance a positive corporate image (30).

CSR Dimensions and Consumer Purchase
Intentions
In general, CSR initiatives significantly affect the behavior and
intention of a consumer to purchase the products of a company
(59). Specifically, CSR information influences the attitude and
the purchase intentions of a consumer toward the products
of a company (62). It has been argued that companies can
attain a competitive advantage on the purchase intention of
consumers through CSR activities (17, 19, 41). This study
proposed how CSR dimensions, which are economic, legal,
ethical, and philanthropic, affect the purchase intentions of
consumers. Economic CSR is primarily concerned with the
economic development and progress of society (3, 29, 43, 48).
According to economic responsibility is a source of long-term
competitive advantage while its strategic perspective is to focus
on wealth generation and profit maximization. It has been found
that consumers who believe that the corporation is socially
responsible are more likely to purchase its products (23, 33, 39,
47). Economic and legal CSR has a positive impact on consumer
buying behavior and their intentions to buy products of socially
responsible firms. Philanthropic CSR has a positive impact on
consumer buying behavior and their intentions to buy products
of socially responsible firms. Ethical CSR is the obligation
of businesses to execute best practices demanded by society
members, without relying on legal laws. These practices are the
indicator of the healthy social traditions, ethical compliance, and
excellent corporate citizenship of a company. The ethical CSR

Frontiers in Public Health | www.frontiersin.org 4 September 2021 | Volume 9 | Article 726727376

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Avotra et al. CSR to Enhance Corporate Image

FIGURE 1 | Theoretical framework.

of a company leads to a positive impact on the attitude and
purchase intention of a consumer (16, 25, 34, 36). The theoretical
framework of this study shows the workflow of the study with
hypothesis development (see Figure 1).

RESEARCH METHODOLOGY

The methodology used in a study is a critical and fundamental
aspect of the whole process since it illustrates how science helps to
the achievement of objectives and goals. The analysis parameter
can be summarized by expectations, evidence, observations,
knowledge of reality, views, and studies of the behavior of
respondents in general. It is also needed to ensure objectivity in
science (55, 64). Furthermore, it is vital to provide a perspective
that emphasizes social variables and the need to consider society
(65). Two main activities are treated under the label of research,
which is discovery and interpretation.

Research Design
Related works of literature describe behavioral science overview
(5, 34, 35). In this process, mediation and description work
together to solve the problem. Studies may concentrate on
states of mind, mood, feelings, or behaviors (16). It developed
a cooperative feedback process with its peers and gathered
knowledge about itself. An interesting analysis is when applied

to two or more distinct variables such as creative methods
(66, 67). It can answer all questions because of its ability to
be applied to any variable or how an organization performs in
the market and impacts consumer purchase intention (58). Self-
administered questionnaires are used in quantitative analysis for
data collection.

Study Population
The present research focuses on students from several Chinese
institutions. The primary rationale for picking university
students as a group is that a recent study has focused on business
cynicism concerning the purchase intention of a consumer
and business image. The setting of this study also uses the
said population due to their interest and importance while
considering the objectives of this study. The data is collected
through various online and offline resources. The questionnaire
is sent to 500 students; among them 357 responded, making
the response rate of 73%. Among these 357 questionnaires,
almost seven questionnaires are rejected based on incomplete
information, making the final valid count 350 and the response
rate 70%. The study uses convenience sampling for data
collection. The objective of this study is to determine the effect of
corporate cynicism on consumer purchase intention and business
image while accounting for all three categories of CSR as a
mediating variable. Few authors advised that a questionnaire be

Frontiers in Public Health | www.frontiersin.org 5 September 2021 | Volume 9 | Article 726727377

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Avotra et al. CSR to Enhance Corporate Image

TABLE 1 | Reliability analysis.

Variables Items Cronbach’s alpha value

Corporate cynical Impression 3 0.747

Economic & Legal CSR 4 0.713

Philanthropic CSR 3 0.814

Ethical CSR 3 0.768

Corporate Image 4 0.742

Consumer Purchase Intention 4 0.767

TABLE 2 | Descriptive statistics.

Variables Mean Std. deviation N

Corporate cynical Impression 3.4 0.93455 350

Economic & Legal CSR 3.9 0.98643 350

Philanthropic CSR 4.0 0.65432 350

Ethical CSR 3.8 0.75389 350

Corporate Image 3.2 0.76539 350

Consumer Purchase Intention 3.7 0.87654 350

used during field examinations (64, 65). The researcher collected
data in this study via the use of a questionnaire. The quality,
validity, and scale reliability of the instrument were evaluated
using the statistical tool IBM-SPSS vs 25.

DATA ANALYSIS

Data analysis is performed using the Statistical Package for the
Social Sciences (IMB-SPSS 25) and IBM-SPSS-AMOS software
packages. The reliability analysis is shown in Table 1. In this
research, corporate cynicism is an independent variable, while
corporate image and consumer purchase intention are dependent
variables. All three categories of CSR were shown to be mediating
in this research. Each variable has a satisfactory reliability
alpha value.

The values in Table 2 are shown below. Corporate cynicism
and CSRmeasures have anM value of 3.4, whereas economic and
legal CSR has a mean value of 3.9, Philanthropic CSR has an M
value of 4, and Ethical CSR has anM value of 3.8.

Instrument
For measuring corporate cynical impression, a five-point Likert
scale ranging from strongly agree to strongly disagree has
been adopted, which has been validated by confirmatory factor
analysis (CFA) tomeet the objectives of the study. Tomeasure the
concept of Economic and Legal CSR, Philanthropic CSR, Ethical
CSR, and Corporate Image, we will use the scale developed
by Wilcox and Iglesias studies (2, 25). While for measuring
consumer purchase intention we will use a scale (5, 25, 34, 57), it
was slightly modified by the authors to fit the scope of this study
and then verified by the CFA methodology (see Figure 2).

Confirmatory Factor Analysis
Pooled CFA is the latest and more reliable technique. In
this methodology, the AMOS 24 runs all latent variables
simultaneously (see Table 3).

Pooled Table 4 shows the reliability value or factor loading
of every item separately. It also shows the composite reliability
of a complete scale of any variable. The reliability of the
measurement scales was measured with composite reliability,
which is preferred to report the reliability of a scale, a widely
used indicator.

Assessment of Discriminant Validity
Convergent validity is a subtype of construct validity that
is defined as follows: the term “construct validity” refers to
the fact that a test is meant to assess if a certain construct,
e.g., IQ is really assessing that particular construct (68, 69).
Convergent validity is the ability to demonstrate that two
measurements that are meant to assess the same concept are
really assessing the same phenomena (70–72). On the other
hand, discriminant validity indicates that two measurements
that are not meant to be associated are in fact not associated.
Excellent construct validity requires the presence of both forms
of validity (73). The heterotrait-monotrait ratio of correlations
(HTMT) analysis was used to determine discriminant validity,
with the cut-off threshold for severe discriminant validity being
0.850 and for liberal discriminant validity being 0.900. The
values in Table 5 show that the items fulfill the criteria of the
discriminant validity.

Assessment of Discriminant Validity
The postulated relationships are investigated in this work using
structural equation modeling (SEM). This analysis includes
exogenous factors to facilitate the examination of endogenous
variables through AMOS 24. In this study, independent and
dependent variables can be seen as linearly related to one another.
The basic design was constructed by using observed facts to build
on (65), all observations were tabulated and linked to information
on their mean values for analysis. Table 6 shows the model fit
indices for the structural model, and it shows that they are
meeting the acceptance criteria.

The following Table 7 illustrates the direct influence of the
independent variable on the dependent variable.

Table 7 shows that all the hypotheses are statistically
significant and their p< 0.05 which shows the confidence interval
of 95%. While Figure 3 shows the path analysis of structural
equation modeling. In this path analysis, all six variables are
present in which one variable is independent, three aremediators,
and one dependent variable is present (see Figure 3).

According to Table 8, all six hypotheses are statistically
significant, and the observed mediation for these hypotheses
is classified as partial mediation. Full mediation implies
that the mediating variable explains the whole link between
the independent and dependent variables, while partial
mediation implies that the mediating variable explains
some, but not all, of the link between the independent and
dependent variables.
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FIGURE 2 | Pooled CFA.

TABLE 3 | Pooled confirmatory factor analysis (CFA) model fitness tests.

Name of Category Name of index Index full name Value in analysis Acceptable value References

Absolute Fit RMSEA Root Mean Square of Error Approximation 0.055 <0.80 (34)

Incremental Fit CFI Comparative fit index 0.931 >0.90 (58)

Parsimonious Fit Chisq/df Chi-Square / Degrees of freedom 1.432 <3 (32)

DISCUSSION

Company social responsibility has evolved into a critical
component of corporate value generation and long-term
operations and a globally recognized value. International
organizations have produced applicable guidelines, such as the
UNGlobal Compact and the OECDGuidelines forMultinational
Enterprises, to assist firms in integrating CSR into their
operational strategy and establishing organizational values for
society. Numerous studies demonstrate that CSR has a beneficial
influence on financial performance and may help organizations
increase customer happiness and retention and improve the
quality of products or services and enhance consumer purchase
intention. As a result, this can help strengthen organizational
cohesiveness and employee loyalty while also increasing work

efficiency and reducing the corporate cynical impression. Thus,
many experts argue that incorporating CSR into the fundamental
beliefs of an organization may aid in achieving a competitive
edge and sustainable operations. The firms can undoubtedly
benefit their corporate image if they can fulfill their social duties.
According to some marketing professionals, the function firms
play in society affects perceptions of customers on corporate
image and could also enhance consumer purchase intention by
reducing the corporate cynical impression. Thus, how firms treat
their employees, owners, and neighborhood citizens contributes
to the image of the corporation toward their consumers. In
addition, as the globe becomes more globalized, company success
or failure is contingent on leveraging good CSR activities, and
increasing customer buy intentions. CSR has a direct effect
on consumer behavior according to the studies. As a result,
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TABLE 4 | Factor loading of items.

Scale Items Factor

loadings

Scale

reliability

Corporate cynical

Impression

I do not like to do business with that organization which have negative impression. 0.707 0.747

I do not like to do business with that organization which do not have good will and is not trustworthy. 0.777

I do not like to do business with that organization which did not have a better reputation than the other companies. 0.758

Economic & Legal

CSR

I would like to do business with that organization which can guarantee investor benefits. 0.654 0.713

I would like to do business with that organization which can enhance corporate operational performance. 0.790

I would like to do business with that organization which can make public its information such as financial

conditions and performance in good faith.

0.628

I would like to do business with that organization which can abide by the law and pay taxes honestly. 0.783

Philanthropic CSR I would like to do business with that organization which sponsor artistic and cultural events. 0.719 0.814

I would like to do business with that organization which sponsor charitable groups. 0.890

I would like to do business with that organization which emphasize and accommodate charitable and public

welfare events.

0.834

Ethical CSR I would like to do business with that organization which emphasize employee education and development. 0.871 0.768

I would like to do business with that organization which save energy and reduce waste of resources. 0.766

I would like to do business with that organization which devote itself to protecting personal data of customers. 0.668

Corporate Image I would like to do business with that organization which have better impression. 0.729 0.742

I would like to do business with that organization which has good will and is trustworthy. 0.773

I would like to do business with that organization which has a better reputation than the other companies. 0.798

I would like to do business with that organization which has a good overall image. 0.671

Consumer Purchase

Intention

I will purchase products of that organization which significantly perform CSR activities. 0.641 0.767

I desire to buy products of that organization which significantly perform CSR activities. 0.873

I am likely to buy products of that organization which significantly perform CSR activities. 0.881

I plan to purchase products of that organization which significantly perform CSR activities. 0.674

TABLE 5 | Heterotrait-monotrait ratio of correlations (HTMT) analysis.

Corporate

cynical

Impression

Economic &

legal CSR

Philanthropic

CSR

Ethical CSR Corporate

image

Consumer

purchase

intention

Corporate cynical Impression X

Economic & Legal CSR 0.485 x

Philanthropic CSR 0.362 0.320 x

Ethical CSR 0.307 0.285 0.281 x

Corporate Image 0.285 0.197 0.167 0.134 X

Consumer Purchase Intention 0.262 0.185 0.112 0.101 0.097 X

TABLE 6 | Structural equation modeling (SEM), model fitness tests.

Name of Category Name of index Index full name Value in analysis Acceptable value References

Absolute Fit RMSEA Root Mean Square of Error Approximation 0.056 <0.80 (26)

Incremental Fit CFI Comparative fit index 0.915 >0.90 (18)

Parsimonious Fit Chisq/df Chi Square/Degrees of freedom 2.919 <3 (39)

“society first” has become the overarching principle for many
organizations. Customer service and customer complaint centers
are critical departments within businesses; any behaviors that
annoy consumers are magnified and evaluated, even becoming
significant performance indicators. It can be concluded that CSR
is vital for companies.

Previous research on CSR has primarily focused on the
influence of CSR on the financial success and employee behavior
of a company, with little attention paid to the impact of CSR
on corporate image and purchase intention of a consumer
following the corporate cynical impression. Thus, the purpose
of this study is to evaluate the links between corporate cynical
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TABLE 7 | Results of direct effects.

Hypothesis Causal Path Lower Bound Upper Bound P-Value Standardized

Estimated

H1 Corporate cynical Impression→Corporate Image −0.162 0.093 0.001 0.23

H2 Corporate cynical Impression→ Consumer Purchase Intention −0.183 0.026 0.045 0.17

H3 Economic & Legal CSR→ Corporate Image −0.162 0.093 0.034 0.12

H4 Economic & Legal CSR→ Consumer Purchase Intention −0.183 0.026 0.030 0.20

H5 Philanthropic CSR→ Corporate Image 0.096 0.378 0.005 0.35

H6 Philanthropic CSR→ Consumer Purchase Intention 0.219 0.464 0.003 0.43

H7 Ethical CSR → Corporate Image 0.167 0.345 0.023 0.19

H8 Ethical CSR → Consumer Purchase Intention 0.176 0.256 0.042 0.25

FIGURE 3 | Indirect direct effects of path analysis.

impression, all three types of CSR, corporate image, and
consumer purchase intentions.

CONCLUSION AND RECOMMENDATIONS

The corporate cynical impression is a serious issue for any kind
of organization that is doing business in consumer markets. An
organization could face a lot of issues which could include a bad
image, propaganda, harsh customer feedback, and much more.
It could negatively impact image of the company and consumer

purchase intention. To counter the corporate cynical impression
an organization could invest upon the factor of CSR. However,
there are at least three kinds of CSR. If an organization has a low
budget, then it could only invest in one type of CSR to control
its operational cost. As the study results clearly showed that all
hypotheses are statistically significant, and they also show the
behavior of partial mediation, we need to recommend only that
type of CSR that has the highest positive impact on corporate
image and consumer purchase intention.

The results of the study that Philanthropic CSR could
be considered as the most effective CSR type to reduce the
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TABLE 8 | Results of indirect effects.

S/R Hypothesis Direct beta

without

mediation

Direct beta

with

mediation

Indirect

beta/standardized

estimates

Mediation type

observed

H9 Corporate cynical Impression → Economic & Legal

CSR→ Corporate Image

0.23*** 0.19*** 0.033 Partial Mediation

H10 Corporate cynical Impression → Philanthropic CSR→

Corporate Image

0.23*** 0.19*** 0.278 Partial Mediation

H11 Corporate cynical Impression → Ethical CSR →

Corporate Image

0.23*** 0.19*** 0.042 Partial Mediation

H12 Corporate cynical Impression → Economic & Legal

CSR→ Consumer Purchase Intention

0.17** 0.14*** 0.016 Partial Mediation

H13 Corporate cynical Impression → Philanthropic CSR→

Consumer Purchase Intention

0.17** 0.14*** 0.158 Partial Mediation

H14 Corporate cynical Impression → Ethical CSR →

Consumer Purchase Intention

0.17** 0.14*** 0.030 Partial Mediation

***, Significance level at 0.001.

**, Significance level at 0.05.

cynical impression on corporate image and consumer purchase
intention. Although the other two types are also statistically
significant, they do not have that strong impact on both
dependent variables as compared to the Philanthropic CSR. That
is why it is recommended for organizations that if they want to
fight with their cynical impression and also have a low budget
and could invest only in one type of CSR, then they should invest
in Philanthropic type of CSR for better corporate image and
enhanced consumer purchase intention.

The need for time and resources could pose a significant
obstacle to this research. When doing future studies, it must
be kept in mind that these findings pertain directly to the
individuals listed as respondents. To make it more accurate, they
must be looked at in other demographic, psychographic, and
geographies. It is therefore likely that when the same data is
obtained from the same demographic that the findings will differ.
To ensure more lasting and repeatable corporate outcomes, the
studies would be required to conduct several times to obtain
more accurate and reliable results influencing population and
different factors.
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This study investigates the spatiotemporal evolution of the efficiency of medical

public–private partnerships (PPPs) and the decoupling of environmental pollution to

promote public health, balanced development, and environmentalism. Based on the

2011–2020 data of medical PPPs in China, the results of a three-stage data envelopment

analysis (DEA) and decoupling model show that, firstly, the spatiotemporal evolution

of PPP efficiency of China in healthcare has forward periodic twists and turns, and

alternating peaks and valleys, which fall into two stages: extensive development, and

transformation and upgrading. Secondly, this development is either a type of stable,

steady or a surge increase. Thirdly, PPP efficiency and environmental pollution show a

weak decoupling state. That is, Northeast China (NEC) and Southwest China (SWC)

are in a state of increasing connection, whereas Northwest China (NWC) is in an

expanding negative decoupling state. The remaining regions are in a weak decoupling

state. This study recommends the mode of ecology-oriented development (EOD) to

promote a high-quality, integrated development of PPPs in medicine and healthcare that

are especially conducive to a “green economy.” There should be a more coordinated

development across regions in China as well.

Keywords: public-private partnership, efficiency, decoupling effect, data envelopment analysis, mortality rate

INTRODUCTION

In China, the “14th 5-Year Plan” was drawn to especially achieve the second centenary goal of
China. It establishes the specific ideas, goals, tasks, requirements, and measures for the long-term
economic and social development of country. Socioeconomic development planning is inseparable
from infrastructure and public services, and this view is reaffirmed in the plan. In this regard, the
public–private partnership (PPP) model is identified for its use in an innovative means to enable
government and social capital cooperation in infrastructure and public services. It helps accelerate
construction and improves both quality and efficiency.

In this study, PPP in medicine refers to the cooperation between government or public medical
institutions and social capital to establish hospitals, community medical services, and elderly care,
among others, through franchising, service purchase, and equity cooperation. In a narrow sense,
medical PPP entails the establishment of non-profit hospitals.
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The main advantages of the PPP model are that it helps:
achieve higher economic efficiency and value-for-money (VFM);
increase investment sources for infrastructure projects; and
improve the quality of infrastructure and public services to
provide better services for society.

The sudden COVID-19 outbreak in 2020 is expected to
continue to have a significant negative impact on the global
economy and the health of the population. The pandemic
has already exposed the shortage of hospitals and medical
and health resources in China but has also brought a new
opportunity for reforming the medical system in the region,
developing the healthcare industry, and expanding the healthcare
capacity of China. Traditional models of economic growth
are being challenged, and there is a renewed urgency for
sustainable development.

China has a growing medical demand, yet there is an acute
imbalance between supply and demand. The medical industry
cannot rely on government or private funds alone. Greater social
capital is urgently needed to invest in expanding medical and
health industries.

In the post-pandemic period, economic recovery—both
regional and global—necessitates the “greening” of development.
There is an urgent dual requirement of compensating the
shortcomings and weaknesses and reducing emissions, and this
remains a challenge for medical PPP. Realizing PPP projects
is thus critical while pursuing low-carbon development. Two
questions need to be addressed: firstly, Have the increasing
PPP projects achieved their expected efficiency goals? and Do
they promote population health? Secondly, will medical PPP
projects contribute to the dual goal of carbon peaking in 2030
and carbon neutrality in 2060? How can we realize low-carbon
sustainable development? To evaluate the efficiency of medical
PPP across China to find an optimal path more accurately, this
study combines a three-stage data envelopment analysis (DEA)
with a decoupling theory, and fully considers the differences
in economic base, industrial structure, and energy consumption
structure in the different regions of China. A more scientific and
reasonable measure is created to gauge the efficiency of medical
PPP projects.

LITERATURE REVIEW

Study on PPP Efficiency Measurements
There are varied definitions of “efficiency” in the literature
because of the differences in the coverage of cost, equity, and
adaptation to the changes in demand. This diversity makes the
study of PPP efficiency difficult (1, 2). The resulted findings are
often incomparable. The review of Coelli et al. (3) shows that
efficiency most commonly refers to production, allocative, and
dynamic efficiencies. Production efficiency is also called technical
or cost efficiency, and means maximizing the output under
the given input conditions; allocation efficiency is the matching
of supply and demand; and dynamic efficiency is the balance
between the present and the future and refers to the use of new
technologies and operating modes to meet present and future
needs. “Fairness” is also considered a dimension of efficiency

(4–6), especially in infrastructure and public services (although
this view is beyond the scope of this paper).

Even under a relatively clear framework of economic
efficiency, there are differences in dimensions that are best
reflected in the calculation of key indicators and processing
methods. Rhys and Tom (6) define the input–output ratio
as a measure of efficiency in cross-sectoral cooperation. The
ratio’s molecule is service expenditure, and the denominator is a
comprehensive output index, which is essentially a proxy variable
for many qualitative factors. They later define the input–output
ratio as a measure of production efficiency, with the numerator as
financial expenditure and the denominator as a proxy variable of
the output obtained through a questionnaire survey (7) involving
many outcome factors.

Even if the input–output ratio is taken as the measurement
index of efficiency, the connotation of efficiency is not limited to
a narrow sense of efficiency. Calculating the specific index will
still entail different choices based on personal preferences, such
as covering input and output, cost and result, or the other choices
of compromise. Even the same research question may then yield
completely different conclusions.

Decoupling Effect Research
“Decoupling” implies that multiple physical quantities are
unrelated. With the accelerating pace of development, the
contradiction between economy and environment is increasingly
prominent, and decoupling research has gradually become
the focus of analysis in this field. The Organization for
Economic Cooperation and Development (OECD) (8) first
applied it to agricultural economic research. The World Bank
introduced the decoupling theory in the analysis of resources
and environment, pointing out that the process of reducing
environmental pressure due to economic development not only
involves dematerialization but also includes depollution. The
OECD shows that “decoupling” is a state where economic
growth and environmental pollution are no longer correlated,
and it can also be said that this breaks the relationship between
environmental burden and economic performance. Once it was
conceived, this concept has been universally recognized and
widely used in China and abroad.

Decoupling, involving economic development, resources and
environment, carbon emissions, transportation, mathematics,
finance, and other fields, has been widely studied abroad. In one
such study, the data from 1991 to 2000 were used to analyze
the relationship between economic development, resources,
and environment in Lithuania by means of decoupling, and
the existing relationship between resource consumption and
economy and the existing relationship between environment
and economy were called as primary decoupling and secondary
decoupling, respectively (9). The relationship between CO2

emissions of transportation vehicles and economic growth was
analyzed by researchers using the Finland-related data from
1970 to 2002, and the decoupling relationship between CO2

and industrial economy was subsequently measured (10). The
decoupling relationship between CO2 emissions and economic
growth in Brazil from 2004 to 2009 was also analyzed
by scholars applying the decoupling theory, and scholars
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concluded that the absolute decoupling of the two can better
promote sustainable economic and social development. (11).
The decoupling relationship between economic development
and CO2 emissions was also analyzed by researchers using
the data of European countries from 1990 to 2003 (12). The
decoupling analysis method is applicable beyond physics and
economics. Maas et al. (13) introduced the decoupling theory
in mathematics and analyzed the relationship between Malliavin
calculus and decoupling inequality. The relationship between
CO2 emissions and economic growth in Brazil was analyzed by
scholars using the decoupling elasticity index, who concluded
that the characteristics of carbon itself and the structure of
energy consumption were extremely important factors (14).
Some scholars use the equilibriummodel to find that it is difficult
to achieve the absolute decoupling between economic growth
and environmental protection, but tax and subsidy growth rate
can be used as the tool to adjust it so as to achieve the relative
decoupling (15).

The decoupling effect between economic growth and energy
consumption used the energy consumption of per capita gross
domestic product (GDP) as an important research indicator (16).
The relationship between the decoupling of CO2 emissions and
industrial growth in North African countries from 1990 to 2016
was analyzed by some scholars. The results show that the effect
of energy structure plays an important role in decoupling, and it
is necessary to formulate the energy policies that are conducive
to the use of more renewable energy to promote the decoupling
of North African countries (17). Some research extended the
application of a decoupling theory to environmental (such as
carbon) and social (such as death) issues, and found that it is
more difficult to reduce carbon emissions in the transportation
sector than it is to reduce traffic-related deaths, and others studied
15 EU member states from 1995 to 2014 and found that the
decoupling effect was not controlled by internal drivers of carbon
dioxide emissions (18, 19). The decoupling and influencing
factors between economic growth and carbon dioxide emissions
in Cameroon were assessed from 1990 to 2015 (20). The analysis
concluded that Cameroon showed a weak decoupling during the
study period, with the population structure playing a negative
role while the economic structure promoted decoupling.

The domestic exploration of decoupling theory is mostly
centered around the analysis of the relationship between energy,
carbon emissions, and economic growth. However, the research
scope has been continuously expanded in recent years, to
include areas such as industry, construction, and equipment
manufacturing. Most research used the relevant data from 1979
to 2008 to study the status quo, stages, and dynamic change
characteristics of low-carbon economic development decoupling
in Nanjing and concluded that the decoupling state showed
fluctuating changes; in the same year, others analyzed the first
batch of low-carbon pilot areas and concluded that absolute
decoupling is the top priority for achieving low-carbon economic
development (21, 22). The conclusions of studies referenced by
Li et al. (23), Gong et al. (24), and Yang and Chang (25) show
that most regional economic growth and carbon emissions are
weakly decoupled. Other studies used the data from 1995 to
2010 to analyze the relationship between the western regional

economy and carbon emissions, and showed a weak decoupling
relationship for most studied years (25). From an agricultural
economy and a carbon emission perspective and based on the
perspective of agricultural economy, some scholars have found
that the decoupling relationship (26) between agricultural carbon
emissions and agricultural economic growth in the whole country
shows a gradual improvement process of “expansion connection
state→ weak decoupling→ strong decoupling”; others showed
that economic growth and energy carbon emissions are usually
relatively decoupled, and found that this state is mainly due
to the decoupling between economy and energy consumption
(27). Some scholars have combined the Tapio decoupling index
method with the Kaya identity and Log Mean Decomposition
Index (LMDI) factor decomposition method to analyze the
decoupling relationship between carbon emissions from the
energy consumption of China and economic growth from 1996
to 2014 and the driving factors, and the results show that the
decoupling effect of carbon emissions from energy consumption
and economic growth is the best in China in 1996–2000.
After 2000, the overall decoupling state has shown “M”-shaped
fluctuation characteristics; the dynamic evolution relationship
between carbon emissions and export trade decoupling based
on the data from 1990 to 2011 was similarly studied (28, 29).
In those studies, the two generally showed a weak decoupling
relationship, and reducing carbon emissions can significantly
promote decoupling.

Some researchers, using the Tapio decoupling index, focused
on the 2000–2015 GDP and carbon dioxide emissions data of
30 provinces and cities in China (30, 31) and found that the
decoupling status of different industries is significantly different.
Among them, the degree of decoupling in most resource-
intensive industries is relatively low. About 43 major carbon
emitters along the Belt and Road were selected for the study
(32), which found that the coordinated development of economic
growth and low-carbon emissions should be emphasized in
the process of economic development. A few studies measured
the decoupling relationship between the carbon emissions from
traffic exhaust and industrial economy in China between 1995
and 2012 (33), and showed that the situation was not ideal
and clean energy should be continuously sought to improve
the emission situation. Other studies used the Tapio decoupling
index and the improved LMDI decomposition method to carry
out relevant analyses (34, 35). They found that the carbon
emission in the equipment manufacturing industry was mainly
in a weak decoupling state with the economy, and that industrial
growth and carbon emissions were mainly weakly decoupled
in 1996–2000, 2006–2010, and 2011–2015, and were mainly
linked by an expansion in 2001–2005. Industrial water use and
urbanization (36) could also be analyzed based on the decoupling
index model, and the conclusion showed that the two were
generally decoupled in 2006–2015, and the degree of decoupling
in 2011–2015 was higher than that in 2006–2010. Based on “Belt
and Road” countries (representing the countries that China has
chosen to invest in the infrastructure) data from 2006, 2009, and
2014, the EKC curve relationship between per capita GDP, per
capita energy consumption, and per capita CO2 has been studied
(37). These countries have transformed from negative decoupling
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to positive decoupling. Some research results show that the
Beijing-Tianjin-Hebei region has achieved strong decoupling
in terms of energy conservation and emission reduction (38)
from 2007 to 2016, and Hebei Province can promote decoupling
through industrial upgrading.

The literature studies on China’s PPP project efficiency are
still nascent. There are only 20 relevant studies to the best
of author’s knowledge. There is a limited focus on its overall
efficiency or evaluation: most studies focus on the specific aspects
of PPP projects, such as investment efficiency (39–42), financing
efficiency (43–46), and the cooperative efficiency of government
and social capital (47–51). Finally, there is no research on
the relationship between the efficiency of medical PPP projects
and population health and environmental pollution. There is
also a lack of empirical evidence from China on the impact
of environmental regulation on healthcare PPP productivity,
especially in terms of internal mechanism interpretation and
testing. This study addresses the gap in the literature by
investigating the spatiotemporal evolution of the efficiency of
medical PPP projects in China and decouples environmental
pollution to determine what decision strategies can promote
public health, balanced and green development, and feasible
carbon reduction measures.

Research Methods
Three-Stage DEA Method
Data envelopment analysis can solve the problems in evaluating
the relative efficiency of the input and output (52). In this study,
this method helps analyze the efficiency of medical PPP projects.
In the first stage, the C2R model and the super-efficiency DEA
model are used to calculate the efficiency value of PPP projects.

Firstly, the C2Rmodel assumes that the production process is
in the stage of constant return to scale, as shown in Equation (1):

Maxθj0 =
∑s

r=1 uryrj0
∑m

i=1 vixij0

s.t.

{
∑s

r=1 uryrj0
∑m

i=1 vixij0
≤ 1, j = 1, 2, · · · , n

ur ≥ 0, vi ≥ 0,

(1)

In Equation (1), xij represents the ith input data of the jth

indicator, yrj represents the r
thoutput data of the jthindex, and vi

and ur represent the weight of the input and output, respectively.
Suppose t = 1

∑m
i=1 vixij0

,µr = tur , (r = 1, 2, · · · , s),ωi =

tvi, (i = 1, 2, · · · ,m), and then the Charnes–Cooper
transformation in model (1) is performed to obtain model (2):

Max
∑s

r=1 uryrj0 = θj0

s.t







∑m
i=1 ωixij0 = 1

∑s
r=1 uryrj −

∑m
i=1 ωixij ≤ 0, j = 1, 2, · · · , n

µr ,ωi ≥ 0, r = 1, · · · , s, i = 1, 2,m

(2)

Equivalent transformation and duality processing in Equation 2

yield Equation 3:

Minθ

s.t







∑n
j=1 xijλj ≤ θj0xij0 , i = 1, 2, · · · ,m

∑n
j=1 yrjλj ≥ yij0 , r = 1, 2, · · · , s

λj ≥ 0, j = 1, 2, · · · , n

(3)

In Equation (3), λj is the linear combination coefficient of
the decision-making unit. The reference object of the above
model is an “optimal” decision-making unit among all decision-
making units. The final relative efficiency is less than or equal
to 1. Therefore, the relaxation variable s+r (r = 1, 2, · · · , s) and
the remaining variable s−i (i = 1, 2, · · · ,m) are introduced to
determine whether the DEA is effective according to the value
of the sum. Model (3) then becomes

Minθj0 − ε(
∑m

i=1 s
−
i +

∑s
r=1 s

+
r )

s.t.















∑n
j=1 xijλj + s−i = θj0xij0 , i = 1, 2, · · · ,m

∑n
j=1 yrjλj − s+r = yrj0 , r = 1, 2, · · · , s

λj, s
−
i , s

+
r ≥ 0

(4)

where ε is called non-Archimedes infinitesimal. If an optimal
solution of the above model satisfies θ∗o = 1 and s+r = 0, s−i =

0, then DMUj0 is called DEA effective; if an optimal solution
of Equation 4 satisfies θ∗o < 1, then DMUj0 is called non-
DEA effective.

Secondly, when the efficiency value is calculated, the C2R
model often shows that multiple decision-making units are
relatively effective; thus, it is impossible to compare and analyze
the effective decision-making units. To sort multiple effective
decision-making units, Andersen (52) proposed to exclude the
tested unit from the reference set so that the efficiency value of the
effective decision-making unit could be greater than 1, whereas
the efficiency value of the non-DEA effective decision-making
unit remained the same as the evaluation result of the C2Rmodel.
To distinguish the effective decision-making units, the concept
of superefficiency is thus employed. The super-efficiency DEA
model is given by Equation 5.

Minθ − ε
(
∑m

i=1 s
−
i −

∑s
r=1 s

+
r

)

s. t.















∑n
j=1 xijλj + s−i = θxij0 , i = 1, 2, · · · ,m

∑n
j=1 yrjλj − s+r =yrj0 , r = 1, 2, · · · , s

λj, s
−
i , s

+
r ≥ 0, j = 1, 2, · · · j0 − 1, j0 + 1, · · · , n

(5)

The input–output slack variables analyzed in the first stage may
be affected by external environmental factors, random errors, and
internal management factors. These factors are thus estimated
using the stochastic frontier analysis (SFA) method in the second
stage of DEA, and their effects are eliminated. Equation 6 is the
SFA regression equation, which is represented as follows:

Sik = fi(zk;βi)+ νik − µik (6)

where Sik is the slack amount (i = 1, 2, . . . , n; k = 1, 2, . . . , n)of
the i input of the kth decision-making unit; fi(zk;βi) is the
influence of the ith environmental variable element on the kth
input slack variable Sik, in general form: fi(zk;βi) = zkβi, zk =

(z1k, z2k, . . . , zµk) is the observable environmental variable of the
kth decision-making unit. βi is the possibly estimated parameter
of the environmental variable. The joint term vik − µik is a
comprehensive error term, where vikis the statistical noise, vik ∼

N(0, σ 2
vi). uikis the management inefficiency. The distributions
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uik ∼ N+(µi, σ
2
ui), vik, and uik all obey the normal distribution

and are independent and uncorrelated.
In the third stage of the DEA, the data are adjusted. These

adjusted input data are used as the new input data. The used
output data are the original ones. They are again substituted
into the C2R model and super-efficiency DEA model to evaluate
efficiency value. Therefore, an efficiency value that is not affected
by environmental factors and random errors can be obtained.

Decoupling Model
The OECD applies decoupling in agricultural studies to analyze
the relationship among agricultural policy, agricultural product
trade, and market equilibrium. The World Bank uses it in
resources and environmental studies to analyze the decoupling of
resource consumption, ecological environment destruction, and
economic development.

Currently, OECD and Tapio decoupling models are used for
a decoupling analysis. The former model is sensitive to the
selection of the time base period, and the calculation results
of different time base periods vary greatly. The latter model is
a type of elastic analysis unaffected by statistical dimensional
changes, and the calculation results have strong stability. The
current study analyzes the decoupling relationship between
medical PPP projects and population health and environmental
pollution using the Tapio decoupling model. In the decoupling
model of efficiency and environmental pollution in PPP projects,
traditional elastic decoupling is suitable for analyzing the
evolutionary process of resource and economic development
from linking to decoupling. The extended decoupling model
takes the evolutionary process of fishery resources and economy
from linking to gradual decoupling, as represented by fishery
catch quantity.

Based on the elastic model, the decoupling relationship model
between the PPP project efficiency and environmental pollution
was constructed as follows:

Eep =
(PEt+1 − PEt)/PEt

(EPt+1 − EPt)/EPt
=

∆PEt/PEt

∆EPt/EPt
(7)

where ECE represents the elasticity index of efficiency and
environmental pollution in the projects; PEt and EPt
represent the efficiency and environmental pollution of the
projects in period t, respectively; ∆PE

PE and ∆EP
EP represent the

changes in the efficiency and environmental pollution of the
projects, respectively.

The environmental pollution model was based on the healthy
production function developed by Grossman (53), and was
improved by Gerking and Starley (54) and others after gradually
adding pollution factors. The environmental pollution value is

yit = β0 + β1x1it + β2x2it + β3x3it + β4x4it + β5x5it

+ β6x6it + ε (8)

In Equation 8, yit represents the measured environmental
pollution value of the ith region in China at time t, i =

1, 2, . . . , 7, t = 2011, 2012, . . . , 2020. β0 represents a constant
term. x1, x2, x3, x4, x5, and x6 represent each driving factor

(selected from output indicators and environmental indicators),
whereas β1, β2, β3, and β4 represent the coefficient of each
driving factor. ε is the error term.

DATA SOURCE AND INDICATOR
DESCRIPTION

The data in this article were collected from the China Statistical
Yearbook, China Statistical Yearbook on Environment, China
Census Data, and China Public Private Partnerships Center. The
data from Hong Kong, Macau, and Taiwan are temporarily not
included in the scope of the study due to collection issues. The
data for 2011 are missing and not included in the scope of the
study for the time being.

Land, labor, and capital are usually the most basic factors
of production from an economic perspective. Based on the
literature and considering the availability of input data, the
project area (in m2) of the medical PPP was selected as the index
of land resource input. In terms of capital investment, the total
project investment (in U10,000) of the medical PPP was selected
as the investment index.

Because the main goal of the medical PPP projects is to
promote economic growth and population health, GDP per
capita (in yuan) and population mortality rate (in percentage) are
selected as output indicators.

Given the variables related to population health, the number
of days with air quality above level two, which accounted
for the proportion (rrb lrb %), total industrial wastewater
discharge (in 10,000 tons), total affected area of crops (103
hm2), and the number of environmental emergencies (number
of times), was selected as environmental indicators (see Table 1
for specific indicators).

TABLE 1 | Efficiency evaluation index of medical PPP projects.

Index Index

content

Index description

Investment

index

PA Land element input

TPI Capital factor input

Output

indicators

GPC Measure the wealth possessed by the

population or the ability to resist social risks

PMR Reflecting the death level of the regional

population

Environmental

indicators

TP One of the important indicators to describe the

air quality. The lower the indicator, the worse

the living environment of the population, and

the higher the risk of death.

TD An important indicator that affects the quality of

the water environment

TC Affect the amount of food that the population

can obtain and increase the risk of death

NE The direct environmental factors that increase

the mortality rate of the population are often

destructive
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TABLE 2 | Efficiency of medical PPP projects from 2011 to 2020.

Period Year Comprehensive efficiency Technical efficiency Scale efficiency Scale reward Super- efficiency

China’s 12th 5-Year Plan

(2011–2015)

2011 - - - - -

2012 0.504 0.815 0.618 drs 0.504

2013 0.519 0.889 0.583 drs 0.519

2014 0.535 0.926 0.578 drs 0.535

2015 0.608 0.901 0.675 drs 0.608

average 0.542 0.883 0.614 0.542

China’s 13th 5-Year Plan

(2016-2020)

2016 0.602 0.928 0.649 drs 0.602

2017 0.625 0.935 0.668 drs 0.625

2018 0.857 1 0.857 drs 0.857

2019 0.667 1 0.667 drs 0.667

2020 0.682 0.887 0.767 drs 0.753

average 0.687 0.950 0.722 0.701

Analysis of Empirical Results
Spatiotemporal Patterns of Efficiency

Time Dynamic Evolution of Efficiency
The MATLAB calculation of the efficiency of medical PPP
projects of China from 2011 to 2020 is shown in Table 2. The
efficiency of the projects from 2011 to 2020 is characterized by
integrity, stage, and periodicity.

The overall efficiency shows an increasing trend and then a
decreasing trend from 2011 to 2020. The peak value of efficiency
was 0.857 in 2018, and the trough value was 0.504 in 2012. In
a specific historical stage, facing the contradiction between the
growing material and cultural needs of people and the backward
social production, environmental protection serves, or even gives
a way to economic development, with a special era and historical
inevitability. However, with increasingly prominent ecological
and environmental problems, the continuous improvement of
environmental awareness and the extensive implementation of
comprehensive environmental protection actions, environmental
governance system in China has undergone a transformation
from the extensive development of “economic construction
as the center” to the sustainable development of “economic
development bears environmental responsibility.” Therefore, we
can see that the efficiency level of medical PPP projects of China’s
first increases and then decreases from 2011 to 2020.

From the perspective of stages, the 12th 5-Year Plan was
marked by an extensive development, with a continuous growth.
From 2012 to 2015, the efficiency value of the projects increased
by 0.105% or approximately 21%. The 13th 5-Year Plan saw
an intense transformation and upgrading, with wave-like rises
moving steadily and farther in the circle. The efficiency value first
increased from 0.602 in 2016 to 0.875 in 2018, with an increase of
approximately 41%. The efficiency was 0.667 in 2019 and 0.753
in 2020.

The curve of the efficiency value of the PPP project
development presents a unity of twists and turns from
2011 to 2020, reflecting a cyclical movement of overall
forward periodic twists and turns, and alternating peak and
valley values.

Evolution of the Spatial Pattern of Efficiency
Combined with the time evolution of the medical PPP project
efficiency value from 2011 to 2020, the spatial pattern of efficiency
in the seven regions of China was drawn by selecting cross-
sectional data during the 12th and 13th 5-Year Plans. The results
are shown in Figures 1, 2. The DEA efficiency values obtained at
each stage are divided into different intervals and drawn onto the
map, with different efficiency value intervals being represented by
different color shades.

Firstly, the overall efficiency shows an increasing trend with
a higher trend in the 13th plan than in the 12th plan. China’s
population structure presents the characteristics of accelerated
aging, a decline in labor force population, and an expected arrival
of the third baby boom generation. The aging trend increases
the demand for medical services, whereas the appearance of the
labor force inflection point also increases the need for investment
in human capital. In this context, the Chinese government has
drawn increased attention to population health and medical
resources. As such, in the 13th 5-Year Plan period, the Healthy
China strategy was fully implemented and that driving force,
led by policy factors, promoted the development of medical PPP
projects and their improved efficiency. Secondly, in the 12th and
13th 5-Year Plans, the efficiency values of East China (EC), South
China (SC), North China (NC), and Central China (CC) regions
were generally higher than those of the Northeast China (NEC),
Southwest China (SWC), and Northwest China (NWC) regions;
that is, the efficiency of the projects in economically developed
regions is more prominent. This shows that the distribution
of medical resources remains unbalanced, which affects the
efficiency distribution of medical PPP among the regions.

From the perspective of stages, in the 12th 5-Year Plan, the
regional ranking of project efficiency is as follows: EC, SC, NC,
CC, NEC, SWC, and NWC, in that order. The efficient regions
are EC, SC, NC, and CC, whereas the inefficient regions are NEC,
SWC, and NWC.

In the 13th 5-Year Plan, the regional ranking of project
efficiency is as follows: EC, CC, NC, SC, NEC, SWC, and NWC
regions. The efficient regions are EC, CC, NC, SC, NEC, and
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FIGURE 1 | Geographical pattern of the efficiency of medical PPP projects in the seven regions during China’s 12th 5-Year Plan period.

FIGURE 2 | Geographical pattern of the efficiency of medical PPP projects in the seven regions during China’s 13th 5-Year Plan period.
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TABLE 3 | Regression adjustment results of second stage.

Variable PA TPI

Constant term 4.45*** (2.70) 9.03*** (3.49)

TP 0.002 (12.45) 0.006** (0.79)

TD 0.000 (−1.30) 0.003*** (7.70)

TC −0.001*** (−0.92) 0.004 (1.17)

NE 0.311*** (7.13) 0.135*** (6.66)

Sigma-squared 6.71 (0.7674) 1.1745 (4.7671)

Gamma 0.98*** (52.67) 0.97*** (163.66)

Log likelihood −61.57 1.92

LR 280.91 321.43

** and *** represents the significance level of 5%, and 1%, respectively; the corresponding

t-test values are shown in parentheses.

SWC China, whereas an inefficient region is NWC. Compared
with the 12th 5-Year Plan, the overall and regional efficiencies
have improved significantly, especially in CC and EC. However,
the efficiency in SC marginally decreased. This phenomenon is
mainly due to the implementation of the Healthy China strategy
in the 13th 5-Year Plan, which includes more detailed road maps
and construction guidelines. The report of the 19th National
Congress of the Communist Party of China stressed the need to
further implement the Healthy China strategy and elevate health
to an unprecedented level, drawing a clear blueprint for a healthy
China for the general public.

From the perspective of evolution, the seven regions in China
can be divided into three types: stable, surge, and steady increase.
SC exhibits a stable evolution of efficiency during the entire study
period, with minor fluctuations. CC and EC show a surge in
efficiency, which reflects a strong growth: the efficiency value
increased by more than 0.5 during the study period. Finally, NC,
NEC, SWC, and NWC show a steady growth, with an increase in
the efficiency value within 0.5.

This spatiotemporal distribution of efficiency was obtained in
the first stage of the DEA. In the second stage, the SFA method
was used to calculate and decompose the effect of environmental
variables, random errors, and internal management inefficiency,
and thereafter adjust the initial values of the three input
indicators accordingly to analyze all regions using the same
measurement standard. If the calculated coefficient is positive,
then an increase in the value of the environmental variable
increases the input slack variable or decreases the output, thus
increasing the waste. This has an adverse effect on environmental
efficiency. A negative coefficient indicates that an increase in
the environmental variable reduces the input slack variable or
increases the output, benefitting environmental efficiency. The
relaxation amounts of the two input indicators calculated in
the first stage were taken as the explained variables of the
regression function, and the explanatory variables were four
environmental indicator variables. The relevant variables were
input into Frontier version 4.1, and the influence of the four
environmental variables on the two input relaxation variables was
analyzed using the maximum likelihood method. The results are
presented in Table 3.

As it can be seen from Table 3, air quality is positively
correlated with the total investment of medical PPP projects,
indicating that the worse the air living environment of the
population is, the higher the risk of death of that population
will be, and the total investment in medical PPP projects will
increase to mitigate the harm caused by air pollution to the health
of the population. Additionally, the investments for industrial
wastewater and medical PPP projects also show a significant
positive correlation, indicating that when the water environment
quality is poor, the population death risk increases, and the
total number of medical PPP projects also increases to slow
down the harm caused by water pollution. Finally, the affected
area, combined with medical PPP projects, covers an area of a
significant negative relationship, which suggests that if a decline
in population survival food is obtained, it can increase the risk of
death; to control that, the need to cultivate more farmland arises,
which could lead to a reduction in land resources for medical
PPP projects. It should be noted that emergencies have a positive
and significant relationship with the two input variables, meaning
that the higher the number of environmental emergencies is,
the more the population mortality rate will increase. To control
the population mortality, investments in medical PPP projects
will increase.

The third stage of the DEA measures the efficiency of the
adjusted healthcare PPP. The results are shown in Figures 3, 4.

In general, the period of the 12th and 13th 5-Year Plans
shows improved adjusted efficiency. In the former period, there
were three inefficient areas before adjustment but only one
inefficient area after adjustment. That is, after the adjustment of
environmental factors, NEC changed from inefficient to efficient,
indicating a positive effect of environmental factors. In the latter
period, only NWC was inefficient before the adjustment but
became fully efficient after adjusting for environmental factors,
confirming our prior result further.

Analysis of Decoupling Relationship
Infrastructure is known to promote regional economic growth
in China but also harms the environment. Such pollution
has a restraining effect on further regional economic growth
(3, 4, 55, 56). The decoupling of environmental pollution
is an idealized process wherein the relationship between the
efficiency growth of medical PPP projects and environmental
pollution gradually weakens until it disappears. In other words,
realizing project efficiency reduces environmental effects. The
growth elasticity of the efficiency of environmental pollution
is the decoupling of environmental pollution. Thus, elasticity
can be the main tool for measuring the environmental
protection status of each region. To explore a more accurate
decoupling relationship, Tapio decoupling was chosen to
divide the decoupling elasticity into eight types: weak, strong,
recession type, weak negative, strong negative, expansion type
negative, growth connection, and recession connection (see
Table 4).

Overall project efficiency and environmental pollution show
a weak decoupling state from 2011 to 2020 (see Table 5). That
is, an increase in efficiency was accompanied by an increase in
environmental pollution, but the growth rate of environmental
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FIGURE 3 | Adjusted geographical pattern of the efficiency of medical PPP projects during China’s 12th 5-Year Plan period.

FIGURE 4 | Adjusted geographical pattern of the efficiency of medical PPP projects during China’s 13th 5-Year Plan period.

pollution was smaller than that of efficiency. With the
increasingly prominent contradiction between environmental
problems and economic social development in China, the

country’s leading political party and government have drawn
increased attention to environmental management. Decoupling
elasticity in China’s 13th 5-Year Plan (2016–2020) was smaller
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than that in China’s 12th 5-Year Plan (2010–2015), highlighting
the effectiveness of the former period’s transformation and
upgrading. For the same increase in efficiency, an increase in
environmental pollution in China’s 13th 5-Year Planwas less than
that in its 12th 5-Year Plan. Since the 12th 5-Year Plan, China’s
environmental protection has entered a new historical stage
of development. After the “12th 5-Year Plan,” China issued a
number of laws on the construction of ecological civilization, and
adopted “promoting the coordinated development of ecological
civilization” as the content of the amendment to the national
constitution, which has brought China’s sustainable ecological
and environmental protection undertakings into a stage of
vigorous development. The State Council has made “guiding and
managing ecological progress” as its function and power. Since
then, China has established a basic institutional framework in
terms of property rights of natural resource assets, development
and protection of territorial space, total resource management,
ecological compensation, improved environmental governance,
and improved evaluation and accountability. A great progress
has been made from national strategy to the building of a legal
system, and from environmental supervision and evaluation to
the participation of social forces.

TABLE 4 | Decoupling elasticity and states.

States Environmental

pollution

Change in

project

efficiency

Decoupling

elasticity

Decoupling Weak decoupling >0 >0 0≤D<0.8

Strong decoupling <0 >0 D<0

Recessive

decoupling

<0 <0 D>1.2

Coupling Growth link >0 >0 0.8≤D≤1.2

Decline link <0 <0 0.8≤D≤1.2

Negative

decoupling

Weak negative

decoupling

<0 <0 0≤D<0.8

Strong negative

decoupling

>0 <0 D<0

Expansive

negative

decoupling

>0 >0 D>1.2

From the perspective of subregions, efficiency and
environmental pollution in NEC show an increasing connection
from 2011 to 2020. That is, the efficiency maintained
a relatively synchronous growth trend with respect to
environmental pollution.

In 2011–2020 and 2011–2015, SWC shows an increasing
connection, indicating a synchronous growth trend but
weak decoupling in 2015–2020, indicating less growth in
environmental pollution with efficiency in the 13th 5-Year Plan.

From 2011 to 2020, NWC shows negative decoupling, that is,
the growth rate of efficiency was less than the rate of increase in
environmental pollution. In the same period, efficiency in NC,
CC, EC, and SC show weak decoupling, that is, the growth rate of
environmental pollution was less than that of efficiency.

The transformation of China’s view of economic development
and the requirement of socioeconomic development pose new
challenges to PPP in healthcare and medicine. An ecology-
oriented development (EOD) can possibly boost the quality and
sustainability of medical PPP. Such a model is innovative in both
the organization and implementation of projects. It prioritizes
ecology and green development in regional and overall economic
development. Better convergence is possible by absorbing this
model to help achieve China’s sustainability goals in PPP.

Environmental pollution is an inevitable problem for any
country/region in the process of industrialization. However,
the environmental dilemmas and governance difficulties
encountered by different countries/regions are quite different
due to the differences in economic and social structures.
Therefore, in 2011–2020, the decoupling effect between the
efficiency of medical PPP projects and environmental pollution
is different in the different regions of China.

DISCUSSION

Improvement in the Efficiency and Benefits
of Medical PPP
According to the results of the analysis shown in the previous
section of this study, it can be seen that some medical PPP
projects are in a state of inefficiency; therefore, it is necessary
to further improve the efficiency and benefits of medical
PPP projects.

TABLE 5 | Decoupling of the efficiency of healthcare PPP projects and environmental pollution in China.

Region 2011–2020 2011–2015 2015–2020

Decoupling elastic State Decoupling elastic State Decoupling elastic State

National 0.267 Weak decoupling 0.283 Weak decoupling 0.198 Weak decoupling

Northeast 1.08 Growth link 1.16 Growth link 0.99 Growth link

North China 0.399 Weak decoupling 0.426 Weak decoupling 0.311 Weak decoupling

Central China 0.052 Weak decoupling 0.136 Weak decoupling 0.0316 Weak decoupling

East China 0.177 Weak decoupling 0.234 Weak decoupling 0.147 Weak decoupling

South China 0.463 Weak decoupling 0.499 Weak decoupling 0.318 Weak decoupling

Southwest 0.872 Growth link 0.929 Growth link 0.787 Growth link

Northwest 1.33 Expansive negative 1.49 Expansive negative 1.25 Expansive negative

decoupling decoupling decoupling
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(1) Innovate and plan the early stages of medical PPP project

Planning is, in the early stage of a project, very important.
The reason of many medical projects having problems in the
implementation stage is due to problems in the early stage of
planning. To implement a medical PPP project, its idea needs
to be clarified, not just for the PPP model, but for the medical
project using that PPP model, on the basis of doing a good job in
the feasibility study and early planning of the project.

Firstly, medical projects should be selected, and reasonable
arrangements should be made to build the time sequence. A
PPP model should be adopted in accordance with the economic
and social development needs, medical gaps, population health,
and other aspects, a comprehensive consideration to priorities,
and a reasonable project implementation timeline (57). Secondly,
innovation should be used to improve the planning quality of
medical projects. A single medical project can adopt a PPPmode,
and a number of substantially related medical projects can also
be included with it. In practice, new and stock projects can be
packaged separately or together. However, it should be noted that
the packaging must have a substantial correlation, and the scale
should be moderate.

(2) Focusing on the construction of “Belt and Road” and
learning from the experience of Guangdong, Hong Kong,
and Macao cross-border PPP

Empirical results show that an uneven distribution of medical
resources affects the coordinated development and efficiency of
medical PPP between the regions. Two problems have plagued
medical infrastructure investments for a long time: a large
initial investment amount and long investment recovery period.
Fundraising and investment are the important foundations
for the implementation of medical infrastructure construction
projects. Focusing on the “Belt and Road” construction, making
the full use of foreign capital and foreign investment in medical
institutions will help fill the vacancies of large private general
hospitals in remote and backward areas in China, complement
public hospitals, effectively improve medical service capabilities,
and meet the diverse needs of the people. We can learn from
the successful experience of the Guangdong-Hong Kong-Macao
Greater Bay Area and that of “Belt and Road” countries, adhere
to open cooperation, support multichannel funding to participate
in infrastructure and long-term financing, and adhere to the
openness of the “Belt and Road” cooperation.

With the accelerated reform of the global governance
system and the international order, major breakthroughs
have been made in comprehensively deepening reforms,
and the construction of the “Belt and Road” is advancing
rapidly, opening up new opportunities for the Guangdong-
Hong Kong-Macao Greater Bay Area to participate in
higher-level international cooperation and competition,
and enhancing its competitiveness. In the past 6 years, as the
“Belt and Road” initiative was put forward, the Guangdong-
Hong Kong-Macao Greater Bay Area has created a good
opportunity of jointly participating in and becoming an
important support for the construction of “Belt and Road”
projects.

TheGuangdong-Hong Kong-MacaoGreater Bay Area and the
“Belt and Road” countries adopted a cross-border PPP model,
which deeply binds international and domestic social capital
and government interests (58). This enables the government
and social capital to give play to their respective advantages,
enhance the enthusiasm of both parties, and identify common
goals. While resolving government debt risks and achieving
VFM, they can achieve a win–win situation between the
government and the market, making good use of the flexible
and innovative policy mechanisms of the Greater Bay Area,
revitalizing the land and other resources in the region, allocating
a large amount of active social capital, introducing foreign
capital, and driving the output of production capacity, with the
goal of coordinated industrial development, urban prosperity,
and fiscal revenue increase in Southeast Asian countries. To
realize this model of sustainable self-sufficient development, the
government, enterprises, and countries along the “Belt and Road”
have established a community relationship of “benefit sharing,
risk sharing, and full cooperation” in infrastructure such as
pensions and other public services, medical and healthcare, with
the goal of long-term cooperation in the field of construction and
operation to achieve a mutual benefit and win–win results.

Life Cycle Management of Medical PPP
Projects
According to the analysis in the previous section of this study,
when considering the environmental pollution of expected
outputs, the efficiency of PPP projects changed. Thus, when
evaluating the efficiency of medical PPP projects, the complexity,
volatility, and input and output stages should be considered. A
comprehensive life cycle performance management of medical
PPP projects is an effective means to promote the standard,
efficient, and high-quality operation of medical PPP projects
(59). The VFM of medical PPP projects is an evaluation tool to
demonstrate the best benefits of PPPmodel efficiencies (60), cost,
and other aspects. Integrating the quantitative and qualitative
evaluation of VFM of medical PPP projects into the performance
management assessment of the whole life cycle of a medical
PPP project is conducive to strengthening the supervision and
management of the entire life cycle of the project, timely
correction, and improvement. It empowers projects to achieve
maximum benefits and efficiencies (61). The following points
should be highlighted.

The Matching Degree of Scheme Design in the Early

Stage Should Be Improved
The combination of VFM dynamic evaluation and performance
management in the whole life cycle of medical PPP projects
is a relatively new management concept. On one hand, it
improves the VFM of medical projects, and on the other
hand, it indirectly promotes the development of performance
management. There are time differences in the evaluation
indicators of the abovementioned tools. Therefore, to implement
dynamic VFM evaluation in the full life cycle performance
management of medical PPP projects, it is necessary to consider
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the matching degree of the two performance indicators in the
pre-plan design of the project.

The VFM Indicator Should Be Included in the

Performance Assessment of Medical PPP Projects
The performance objectives of medical PPP projects should
conform to the concept of VFM and reflect cost-effectiveness.
In order to consider the performance evaluation indicators
of the whole life cycle of PPP projects and the degree of
implementation, each stage of VFM should include a hard
evaluation indicator system, focusing on the output, effect,
management and other factors of the project. This would be
conducive to a sustainable and an effective play of the VFM
concept throughout the entire life cycle of medical projects.

The Combination of PPP+EOD Mode in the
Medical Field Should Be Explored
According to the results of our analysis, it can be seen that
the efficiency of medical PPP in some regions of China is still
increasing in a direct proportion to environmental pollution.
The combination of the PPP+EOD mode should be explored
in the medical field, to promote the low-carbon (62), green,
high-quality development of medical PPP.

The transformation of economic development in China and
the transformation of the economic and social development
needs introduced new challenges to the development of medical
PPP modes. To cope with these challenges, it is necessary to learn
from the EOD model and concept, to boost the high-quality and
sustainable development of China’s medical PPP. The EODmode
is an innovative way of project organization and implementation,
which adheres to ecological priorities, practices the concept of
green development, and aims to promote high-level protection
of ecological environment and high-quality development of
the regional economy (63). This coincides with a high-quality
sustainable development goal of PPP in China, and can be better
modified on the basis of learning and absorbing the concept of the
EODmode to help achieve the goal of medical PPP development.

The combination of the EOD concept and the PPP mode is
called PPP+EOD mode, which is similar to the development
of the PPP mode. It takes into account the overall regional
development as a platform and self-hematopoiesis and value-
added benefits as the profit mechanism, and integrates the
ecological concept into the whole life cycle of PPP projects,
including every link and the entire process of planning and
design, investment and construction, operation andmanagement
so that the ecological concept can produce practical benefits
and achieve the goal of sustainable regional development. The
PPP+EOD mode is new and should be further actively explored
and implemented to promote the innovative development of
China’s medical PPP.

In future environmental governance work, the government
should deeply integrate the concept of environmental
protection into the construction of medical infrastructure
and the layout of the medical industry, establish a multilevel
and three-dimensional environmental governance system,
and comprehensively supervise the pollution and resource
consumption problems generated in the construction of medical

infrastructure. Once the persistent pollution of medical projects
occurs, the source of pollution can be accurately located and
pollution responsibility can be implemented. An efficient
implementation of environmental governance requires the
adherence to a high-quality and well-coordinated development
and improved overall coordination between urban environment
and regional medical development. It attaches a great importance
to the environmental management system in synergy with
different subjects through an efficient integration of resources
and the application of high-tech achievements, to realize the
simultaneous improvement of environmental governance
and regional medical standards. Similarly, integrating the
prevention, monitoring, restoration and reconstruction of urban
environmental governance systems and a clear division of labor
and responsibilities should be established to accelerate the
development of urban environmental governance efficiency and
regional medical level high coordination.

Public Participation in Medical PPP
Projects to Jointly Tackle Environmental
Pollution and Population Health Problems
The PPP theory aiming at sustainable development includes two
aspects: “people first” and “public participation”, They are of
great significance in dealing with environmental pollution and
population health issues, establishing a reasonable PPP public
participation mechanism, improving and effectively supervising
project progress, and promoting the sustainability ofmedical PPP
projects.

Improving Information Release Procedures to Protect

the Right to Know
The government information disclosure in the medical PPP
mode is improved: firstly, the focus should be on the monitoring
and analysis of environmental indicators as it is necessary to
actively disclose the demonstration information and to evaluate
and monitor this information, in combination with the local
environmental and ecological reality, before the project is
launched; secondly, in the bidding stage of the project, the
environmental pollution index, pollutant discharge capacity, the
responsibility of pollution prevention and control all shall be
taken as the entry threshold for bidding (64). Additionally, before
the government and private enterprises reaching an agreement,
they may consider establishing in advance a public review
mechanism to encourage the public to participate in the proposal
and vote on the bidding enterprise, with the voting result directly
affecting whether the enterprise wins the bid or not.

Making It Mandatory for Companies to Disclose

Environmental Information in the Project Operation

Stage
Firstly, the two modes of voluntary and mandatory disclosure
are combined. When it comes to trade secrets, the regulatory
authority should make rulings based on whether they will
infringe upon the environmental interests of the public. Secondly,
the time for publication should be advanced to the project
bidding stage. When companies participate in bidding, they
should be required to disclose the same information to both
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the government and the public (65). Thirdly, the public should
not only be able to require companies to directly disclose
relevant environmental information, but they should be able to
even require project sponsors to disclose relevant environmental
information, to broaden the public’s channels for information
disclosure. A decision-making participation platform to broaden
participation channels should be built.

Establishing a Forum for Environmental

Decision-Makers
The most effective way to change the environmental problems
caused by previous government-led project decisions is to build
a third-party decision-making platform, which can directly
influence the decision regarding the necessity of medical
projects and the start of projects in the PPP mode, achieve
scientific and democratic decision-making in health-related
PPP projects, and prevent public’s resentment especially as it
relates to contradictory information. This would enable all PPP
stakeholders to achieve a harmonious face-to-face, two-way
communication, and change the way of organization of past
government activities, in a mostly unidirectional manner, to
create an advocacy-based model.

Leveraging the Internet to Build a Unified Information

Collection Platform
Before making a decision on a medical PPP project, an internet
application should be built to serve as an environmental
information platform. Through this system, project information
such as the government’s review of the medical PPP
environmental issues and project bidding company information
could be released to local residents, ensuring their right to
participate in the project decision-making. Similarly, local
residents could input personal opinions directly into the system.
Based on statistics, these opinions could be put forward at
stakeholder meetings for reference. In case of objections to
these opinions, the government representatives could provide an
appropriate explanation.

Establishing a Feedback Mechanism for the Results

of Environmental Public Participation
The realization of the right to participate not only requires
personal participation in the decision-making process but also
allowing the public to know the effects of their participation.
After a decision is made, the outcomes and reasons for accepting
or not accepting public opinions should be announced, focusing
on aspects with relatively large differences, and public opinions
should be solicited again. The forum for representatives could
serve as an avenue for this process.

The Establishment of Multichannel Full Supervision

to Achieve the Right to Request
Third-party non-governmental organizations (NGOs) should be
given the right to centralize supervision. The public welfare and
organizational nature of NGOs determine that they can gather
the interests of the public and supervise environmental issues in
the PPPmodel in an orderlymanner. NGOs organizations should
have the right to use their platforms to solicit public opinion

and represent direct stakeholders to report environmental issues
to the Environmental Protection Department. In response
to the potential inaction of the Environmental Protection
Department, appropriate legislation can be made to clarify
the qualifications of the NGOs organizations and to initiate
administrative reconsideration and administrative litigation (68).
Finally, in response to the potential failure of government-
sponsored departments to supervise medical PPP projects, the
rights and procedures for NGOs organizations reported to higher
levels should be clarified.

CONCLUSION

To strengthen weak links and carbon emission double pressing
requirements, there are still many challenges on the road to
the development of medical PPP projects in China. How to
achieve the continuous growth of medical PPP projects while
ensuring their low-carbon footprint being an important topic,
which is needed to be discussed urgently. However, the existing
research has yet to consider environmental protection scenarios
comprising medical PPP overall efficiency evaluations and
changes to low efficiency projects, and to study the decoupling
between them and environmental pollution.

To make up for this gap, we collected public historical data
and used a three-stage DEA model to measure the efficiency
of China’s healthcare PPP projects from 2011 to 2020. The
DEA efficiency measurement results in the first stage show
that the efficiency of most medical PPP projects in scope is
low and overall shows a decreasing trend, and that there are
regional disharmony and imbalance in the geographical and
temporal distribution of efficiency. Furthermore, using the SFA
method to calculate the separating environment variable, the
random error, and the influence of the internal management
inefficiency results, our results show that air and water quality,
environmental, and agricultural disaster factors will affect the
output of medical PPP, namely regional population mortality
rate and health status, subsequently affecting the efficiency of
the PPP. In the third phase, after the adjustment of medical
efficiency values and before the improvement of the PPP project,
the visible environment factors have an effect on the efficiency
of medical PPP. This enlightens us how to evaluate the efficiency
of PPP projects: in addition to considering the expected output,
considering also the efficiency of the evaluation results would be
more scientific, reasonable, and comprehensive.

Based on the efficiency measurement results of the third-
stage medical PPP, the decoupling effect between a variation
of the medical PPP efficiency and environmental pollution was
discussed. The results of the decoupling analysis show that, from
2011 to 2020, environmental pollution increases with an increase
in the efficiency of China’s healthcare PPP projects, but the
growth rate of environmental pollution is smaller than that of
the efficiency of the healthcare PPP projects. Compared with
the variation range of the medical PPP efficiency, an increase in
environmental pollution during the 13th 5-Year Plan period is
smaller compared with the 12th 5-Year Plan period, which shows
that efforts of China in environmental protection and economic
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transformation, upgrading, and development have achieved
certain positive results. However, the decoupling effect between
the efficiency of medical PPP and environmental pollution is not
balanced among regions, indicating that the progress of carbon
emission reduction and the efforts of environmental protection
are asynchronous across the different regions of China. China’s
medical industry is carbon neutral, and the speed and intensity
of carbon emission reduction need to be further strengthened.

Inevitably, there are some limitations to our study. Firstly,
it failed to go deep into the provincial and municipal level.
Secondly, the comprehensiveness and diversity verification of
medical PPP input and output data still need to be improved.
The comprehensiveness and diversity of medical PPP data need
to be further improved. Future research can adopt multimodal
machine learning methods to synthesize various databases to
obtain more accurate and detailed evaluation results of medical
PPP efficiency at provincial and municipal levels.
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The worldwide spread of COVID-19 dramatically influences the world economic

landscape. In this paper, we have quantitatively investigated the time-frequency co-

movement impact of COVID-19 on U.S. and China stock market since early 2020 in

terms of daily observation from National Association of Securities Dealers Automated

Quotations Index (NDX), Dow Jones Industrial Average (DJIA), Standard & Poor’s

500 Index (SPX), Shanghai Securities Composite Index (SSEC), Shenzhen Securities

Component Index (SZI), in favor of spatiotemporal interactions over investor sentiment

index, and propose to explore the divisibility and the predictability to the volatility of

stock market during the development of COVID-19. We integrate evidence yielded from

wavelet coherence and phase difference to suggest the responses of stock market

indexes to the COVID-19 epidemic in a long-term band, which could be roughly divided

into three distinguished phases, namely, 30–75, 110–150, and 220–280 business days

for China, and 80–125 and 160–175 after 290 business days for the U.S. At the first

phase, the reason for the extreme volatility of stock market mainly attributed to the

sudden emergence of the COVID-19 epidemic due to the pessimistic expectations from

investors; China and U.S. stock market shared strongly negative correlation with the

growing number of COVID-19 cases. At the second phase, the revitalization of stock

market shared strong simultaneous moves but exhibited opposite responses to the

COVID-19 impact on China and U.S. stock market; the former retained a significant

negative correlation, while the latter turned to positively correlated throughout the

period. At the third phase, the progress in vaccine development and economic stimulus

began to impose forces to stock market; the vulnerability to COVID-19 diminished to

some extent as the investor sentiment indexes rebounded. Finally, we attempted to

initially establish a coarse-grained representation to stock market indexes and investor

sentiment indexes, which demonstrated the homogenous spacial distribution in the

vectorgraph after normalization and quantization, implying the strong consistency when
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filtering the frequent small fluctuations during the evolution of the COVID-19 pandemic,

which might help insights into the prediction of possible status transition in stock market

performance under the public health issues, potentially performing as the quantitative

references in reasonably deducing the economic influences.

Keywords: COVID-19, co-movement, time-frequency analysis, SSEC, SZI, DJIA, SPX, NDX

INTRODUCTION

The global outbreak of coronavirus disease-2019 (COVID-19)
has greatly impacted the world economy since early 2020. Such
kind of a notable public health event can be seen as a black
swan event, which brings unpredictable and unusual forces in the
context of economics, andmight hereby typically result in a chain
of adverse market reactions and disruptions.

As the two largest economies of the world, the economic
progress of both U.S. and China after the spread of the COVID-
19 pandemic has particularly received worldwide attention. Up
to now, from the COVID-19 live map trackers from Johns
Hopkins University, we could see that almost 16.33 million
people worldwide have been identified as COVID-19 cases,
accounting for 5% of the total population of the world, with
3.38 million deaths. Among them, China, the first country to
be hit by coronavirus, has a cumulative case count of 105,318
and a cumulative death toll of 4,860, accounting for 0.14% of
the deaths of the world. The U.S. catches up with the most rapid
development of coronavirus later, with a cumulative total of 3.4
million confirmed cases, accounting for 20.68% of the confirmed
cases of the world and 10.2% of its total national population.

The increase of COVID-19 cases definitely exerts influencing
forces onto both U.S. and China stock market. Zhang et al. (1)
emphasized the pattern change of global stock market spillover
since the COVID-19 outbreak, aiming to map the general
pattern of country-specific risks and systemic risks in global
financial market by analyzing the potential consequences of
policy intervention. Baker et al. (2) argued that the COVID-
19 pandemic had impacted the stock market forcefully and
evaluated potential explanations for the unprecedented stock
market reaction. Onali (3) studied the impact of COVID-19 cases
and deaths on U.S. stock market, allowing for changes in trading
volume and volatility expectations, and found the negative
impact of the number of reported cases for China on U.S. stock
market returns by the GARCH (1, 1) model, the negative impact
of the number of reported deaths in Italy and France by VAR
models, and the increased magnitude of the negative impact of
VIX (Cboe volatility index) on stock market returns by Markov-
Switching models. A study by Hong et al. (4) investigated the
relationship between COVID-19 and the instability of both stock
return predictability and price volatility in U.S., reported that
a highlighted break in return predictability and price volatility
of both SPX and DJIA during the COVID-19 outbreak and
crisis is associated with market inefficiency, creating profitable
opportunities for traders and speculators. Drake (5) explored the
gold-stock market relationship in the context of COVID-19 by
computing rolling correlations over time and utilizing Granger

causality tests, demonstrating that the relationship was affected
by the real interest rate and stock market volatility. Liu et al.
(2020) explored the interaction between COVID-19, U.S. crude
oil market, and stock market by a time-varying parametric vector
autoregressive model, showing there was a negative association
between crude oil returns and inventory returns, while COVID-
19 might have a positive impact on the crude oil market and
the stock market. Ashraf (6) applied the panel data analysis
technique into the daily COVID-19 confirmed cases, death and
stock market returns, and found that stock markets responded
negatively to the growth in COVID-19 confirmed cases, which
reacted more proactively compared to the number of deaths.
Mazur et al. (7) investigated the performance of U.S. stockmarket
during the crash triggered by COVID-19 and found that, during
periods of large stock swings, underperforming stocks exhibited
extreme asymmetric volatility that is negatively correlated with
stock returns. Yousfi et al. (8) investigated the impact of the two
waves of the COVID-19 pandemic on U.S. stock market and
the uncertainty through a dynamic correlation approach, and
argued that there was a long-term and persistent relationship
between U.S. market and COVID-19, with higher volatility
spillover than before. Guo et al. (9) explored connections of
global stock markets during the financial crises or risks with
the emphasis on COVID-19 and constructed the topological
analysis of complex networks through persistence landscapes
for 40 countries/regions, showing closer connections among
the markets when COVID-19 spread worldwide. Chevallier
(10) empirically documented the contagion of the COVID-19,
tied to high-frequency data of 31 stock markets, and found
that cross-border financial system interactions might enhance
global financial distress, as vulnerability from one economy was
transmitted to other financial systems, implying the cataclysmic
impact of the COVID-19 pandemic.

Meanwhile, the hesitation and the contradiction from
the investors have also been severely affected by the virus
accordingly, which made the expectation of the investors
quickly devastate, with the unpredictable consequences. The
cognitive uncertainty about COVID-19 has occurred at the
beginning, together with the limitation of the information
channels, namely technical information asymmetry (11). The
public had the extreme information hunger and was easily
blinded by information with insufficient veracity, causing more
psychological panic. Uncertainty about information quality and
misjudgment to the economy made the decision-making more
complex, and the investors tended to reduce the difficulty in
irrational ways as before (12, 13), which is regarded as emotional
irrational judgments (14)). If such sentimental atmosphere
occupies dominantly in the stock market, it would intensify
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the fluctuations and contagion of panic, forming investment
behaviors that deviate from ration and triggering volatility.
Nonetheless, the exact mechanism between the COVID-19
epidemic and turbulence in the stock market is still under
intense academic debate. The investor sentiment performs
not only as an inducement of stock market movement
and macroeconomic environment but also a direct target
consequence by the shakeout.

Undoubtedly, the spread of COVID-19 has affected the level
of strategic decision-making and investment behaviors, and the
attitude and emotional factors from the investors would, in
turn, greatly influence the future stock market performance. The
investor sentiment index could behave as the proxy variable to
reflect the psychological condition of investors, which would
potentially act as a bridge between the impact of COVID-19
and the volatility of stock market during the epidemic. Sergi
et al. (15) studied the impact of the increase in Barro Misery
Index (BMI), coupled with the percentage of COVID-19 cases
adversely on the stock returns and volatility in 76 countries, with
different degrees from the developed countries to the emerging
markets. Lyócsa et al. (16) found that the fear for COVID-19,
manifested as the excess Google search volume activity, signified
a timely and valuable data source for forecasting stock price
variation. Sun et al. (17) investigated the influences of COVID-19
on Chinese stock market and examined the effect of individual
investor sentiment on returns by an event study, showing
evidence that the epidemic could cause widespread negative
emotions, which led to investor anxiety and market turmoil, and
there existed stronger positive correlation between individual
investor sentiment and stock returns than usual. Subramaniam
and Chakraborty (18) constructed a COVID-19 fear index with
the search volume index (SVI) from Google Trends of the
search terms to capture the investor mood and highlighted a
strong negative association with stock returns that persisted for
a significant period without being reversed soon. Xia and Chen
(19) observed the stock market performance during the initial
outbreak of COVID-19 in relation to Twitter text sentiment
analysis, showing strong relationship to COVID-19 sentiment
derived from tweets. Chou et al. (20) utilized a deep learning
stock market prediction model via LSTM, demonstrating that
the emotional tendencies and the attention mechanism from
investors could help predict closing prices despite the uncertainty
of the pandemic, which allows shareholders and investors to
understandmarket forces and emphasizes sustainable investment
and development.

In our work, we wish to study when and at what frequencies
COVID-19 might synchronously have impact on stock market
indexes in both U.S. and China in favor of spatiotemporal
interactions over investor sentiment indexes through time
series analysis techniques (21–26). To address the potential
periodicity, time-frequency co-movement and lead-lag effects
in non-stationary time series, wavelet analysis is regarded as
a mathematically powerful tool to explain the occurrence of
transient events and accommodate to conditions where the
amplitude of the response varies excessively for the reason
that it could be approximated within a certain time period to
a certain frequency band at the same time (24, 27). As the

extended usage of wavelet transformation, wavelet coherence and
phase difference can be utilized to recognize whether two time
series are quantitatively connected by a certain correlation even
causality relationship. Matos et al. (28) assessed the conditional
relationship in the time-frequency domain between the return on
SPX 500 and COVID-19 confirmed cases and deaths, by partial
coherencies, phase-difference diagrams, and gains, and found the
usefulness of low frequency cycles of U.S. stock market index
in anticipating the cycles of deaths in an anti-phasic way. Su
et al. (2019) utilized continuous wavelet analysis and aimed to
assess whether the causality of geopolitical risk, oil prices, and
financial liquidity supported the monetary equilibrium model
in Saudi Arabia. Sharif et al. (29) revealed the unprecedented
impact of COVID-19 and oil price shocked on geopolitical
risk levels, economic policy uncertainty, and low-frequency
band stock market volatility with the coherent wavelet and
coherent wavelet-based Granger causality tests. Goodell and
Goutte (30) addressed the stock market evidence and employed
econometric procedures, including wavelet coherence and neural
network analyses, to rigorously examine the role of COVID-
19 and found co-movements between cryptocurrencies and
equity indices. Jiang and Yoon (31) studied the dynamic co-
movement between oil and six stock markets with wavelet
multi-scale decomposition and coherence, and discovered the
feedback relationships by maximal overlap discrete wavelet
transformation. Amar and Carlotti (32) adopted multivariate
continuous wavelet to investigate the strength and the magnitude
of the relationship between the economic policy uncertainty
index and the implied volatility index, indicating more persistent
intensity of the interdependence between the stock markets and
uncertainty indices in the crisis and risk periods. Ghosh et al.
(33) analyzed the inherent evolutionary dynamics of financial
and energymarkets by observing their interrelationships with the
continuous wavelet transformation, and suggested the existence
of a strong trend component and long-range dependence.

In this paper, we quantitatively investigate the time-frequency
co-movement impact of COVID-19 on U.S. and China stock
market since early 2020 in terms of daily observation from NDX,
DJIA, SPX, SSEC, SZI, and propose to explore the divisibility
and the predictability to the volatility of stock market during
the development of COVID-19. The proliferation of the virus
has led the investors into great uncertainty, thus inducing
a series of negative emotions and anxiety, influencing their
investment judgment. Amid this situation, this paper focuses
on the following specific questions. First, to what extent has
the growth in the number of confirmed COVID-19 diagnoses
contributed to the volatility of U.S. and Chinastock markets
during the pandemic outbreak? In comparison, would U.S. and
Chinastock markets be equally sensitive to COVID-19 impact?
Second, if COVID-19 could be regarded as one cause of stock
index fluctuations, how much does it correlate with emotion
and psychological panic of investors? Are sentiments of investors
within the same level between China and U.S.? Third, is there
any variability and regularity about the COVID-19 impact on
the stock markets at different stages in such a black swan event?
Have the reactions of the investors to the stock markets varied
over time? Fourth, to what extent do the economic policies that
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materialized amid the pandemic have an attribution on easing the
psychological expectations of investors about stock markets? Has
this impact likewise changed over time?

The remainder of the paper is organized as follows: section
Materials and Methods describes the access of multivariate time
series referred and outlines the basics in wavelet coherence and
phase difference in our study. section Results quantitatively and
systematically investigates the time-frequency co-movement in
stock market indexes regarding newly confirmed number of
COVID-19 cases per day. Section Discussion suggests potentially
mutual relationships between COVID-19 impact and stock
market indexes along the time domain, together with the
investor sentiment indexes. Finally, the conclusion is drawn in
section Conclusion.

MATERIALS AND METHODS

Data
COVID-19 Statistics
During the COVID-19 epidemic, a large amount of daily statistics
springs out online, e.g., from WHO, COVID-19 Public Dataset
of Google Cloud, Johns Hopkins Center, including the number
of newly confirmed cases, deaths, and suspected cases per day. In
this study, we retrieved the daily number of confirmed COVID-
19 cases for weekdays in the U.S. and China, respectively,
from JHU and the National Health and Wellness Commission
of P. R. China, and then made the preprocessing with the
natural logarithm.

U.S. Stock Index
We applied the three major New York stock indexes, the
benchmarks of the U.S., and global stock markets, i.e.,
the National Association of Securities Dealers Automated
Quotations Index (NDX), Dow Jones Industrial Average (DJIA),
S&P 500 Index (SPX), from January 1, 2020 to April 31, 2021,
to investigate the impact of COVID-19 on U.S. stock market
performance. The daily stock closing price of the three indexes
is available from Yahoo Finance, and we also first made the
natural logarithm.

China Stock Index
We accessed Shanghai Stock Exchange Composite Index (SSEC)
and Shenzhen Composite Index (SZI) from the official tracker to
portray the Chinese stockmarket performance, which constitutes
the most fundamental and essential references for Chinese
investors and securities practitioners and institutions, and made
the preprocessing with the natural logarithm.

U.S. Investor Sentiment Index
We utilized Sentix Investor Confidence from Sentix Global
Investor Survey for U.S. in our study, which collects the weekly
estimation of 14 financial markets from, currently, more than
5,000 private and institutional investors. When the majority of
the survey respondents are optimistic about the economy, the
sentiment index value is >0, conversely; the value tends to be
negative when the investor sentiment is pessimistic.

Chinese Investor Sentiment Index
We made use of Chinese investor sentiment index from China
Securities Investor Protection Fund Limited Liability Company
to investigate the changes in the psychological expectations
of Chinese investors during pandemic. When the majority of
the survey respondents are optimistic about the economy, the
sentiment index value is >0, conversely; the value tends to be
negative when the investor sentiment is pessimistic. The value
of Chinese investor sentiment index ranges from 0 to 100, with
50 being a neutral value. When the proportion of investors with
optimistic views is greater than that with pessimistic views, and
the overall investor confidence is expected to be optimistic, the
index value is>50, otherwise, lower than 50. Since the definition
of Chinese investor sentiment index is highly similar to the
U.S. investor sentiment index, we made the normalization and
assumed to be highly comparable for each other.

Methods
Basic Wavelet Analysis
The basic wavelet analysis is to make its decomposition of the
daily number of COVID-19 infections X (t) into a superposition
of multiple wavelet functions; all of which are derived from a
parent wavelet function, with the scaling and translation that
localize in both frequency and time domain, defined as follows:

φa,τ =
1
√
a
φ

(

t − τ

a

)

(a, τ ∈ R, a > 0) (1)

with
∫ +∞
−∞ φ(t)dt=0 (2)

where φa,τ (t) is a sub-wavelet, with
∥

∥φa,τ
∥

∥

2
= 1, a is a scaling

parameter, ensuring the compressed or stretched variance of
the wavelet function, and τ is a shift parameter about the
deviation location of the wavelet function, φ (t) is a mother
wavelet function, φ (t) εL2 (R), which could take a wide variety of
forms, such asHaar wavelet (34),Morlet wavelet (35), Daubechies
wavelet (36), Meyer wavelet (37), Mexican straw hat wavelet (38)
and so on. Thus, the wavelet analysis is able to detect higher
or lower-frequency components of the examined COVID-19
time series X (t) characterized with the irregularity and non-
stationarity along the time domain.

Taking into consideration of the daily increase of COVID-19
confirmed cases X (t) at multiple timescales, we try to adopt the
principle of continuous wavelet transformation over time:

WX (a, τ) =
1
√
a

∫

R
X (x) φ̄

(

t − τ

a

)

dt (3)

whereWX (a, τ) is the wavelet transform coefficient.

Wavelet Coherence
Let S (t) be the corresponding closing price of the stock market
index. The cross-wavelet transform between the daily number of
new confirmed COVID-19 cases X (t) and the daily stock closing
price S (t) can be expressed as:

WXS (a, τ) = WX (a, τ)W
∗
S (a, τ) (4)
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where WX (a, τ) and WS (a, τ) are, respectively, the continuous
wavelet transforms ofX (t) and S (t), andW∗

S (a, τ) represents the
complex conjugation ofWS (a, τ). The local covariance between
the cross-wavelet power spectrum is then defined as follows:

|WXS (a, τ) | =
√

|WX (a, τ) | | W
∗
S (a, τ) | (5)

Since the cross-wavelet transform emphasizes the distribution
with the high common power, the cross-wavelet power spectrum
|WXS (a, τ)| thus measures the mutual local covariance at each
frequency and each time scale, indicating where the time
series have high common power in the time-frequency domain.
Suppose that there exists the potential periodicity of the time
series, we attempt to extend the finite length to limit the edge
effects. The cone of influence (COI) designates the regions in the
scalogram potentially affected by the edge-effect artifacts. When
the wavelet power spectrum amplitude decreases, there will be
more discontinuities in edges, which is subject to boundary
distortion, and hereby provides unreliable reference that should
be removed.

The correlation between the daily increase of COVID-19
cases and the stock market index for each country can be
further identified by wavelet coherence, which helps ascertain the
specific region with co-movement patterns in the time-frequency
domain, as follows:

CXS (a, τ) =
|A (WXS (a, τ))|

√

A
(

|WXX (a, τ)|
2
)

· A
(

|WSS (a, τ)|
2
)

(6)

where A (WXS (a, τ)) is the cross spectral density between X (t)
and S (t), 0 ≤ CXS (a, τ) ≤ 1. The wavelet coherence coefficient
allows to detect the synchronization similarity. The higher
wavelet coherence is the stronger dependence between two time
series. The lower value of wavelet coherence indicates the possible
absence of correlation, and vice versa.

Meanwhile, the wavelet phase differences dedicate to
distinguish either the negative or positive correlative directions,
evaluating the possible delay in the oscillation, or the lead-lag
effects between COVID-19 and stock market indexes:

ψXS = tan−1

(

I {A (WXS (a, τ))}

R {A (WXS (a, τ))}

)

,ψXSε [−π ,π] (7)

where I and R are the imaginary and real parts of the smoothed
cross-wavelet transform, respectively. If ψXS is zero, the two-
time series co-move or link together in-phase at the specific
frequency, and if it is π (or −π ), they co-move in opposite
directions out of phase. If ψXSε (0,π/2), X (t) leads S (t) and it
shows positively co-moves; if ψXSε (π/2π), S (t) leads X (t) and
it shows negatively co-moves; if ψXSε(π ,π/2), X (t) leads S (t)
and it shows negatively co-moves; if ψXSε (−π/2, 0), S (t) leads
X (t) and it shows positively co-moves.

RESULTS

The track of the raw time series about the number of new
confirmed COVID-19 cases per day, the daily stock market

indexes, and the weekly normalized investor sentiment indexes
for both China and U.S. from January 1, 2020 to April 31, 2021
has been listed in Figures 1, 2.

We utilized the wavelet coherence to search for when and at
what frequencies and directions the daily stock market indexes
would synchronously move together with the number of new
confirmed COVID-19 cases per day from January 1, 2020 to April
31, 2021, and described the possible lead-lag effects through the
wavelet phase difference.

The wavelet coherence and phase difference map between
the daily increase of COVID-19 cases in each country and
SSEC, SZI, DJIA, SPX, and NDX have been calculated and,
respectively, shown in Figures 3, 4, where the y-axis refers to
frequency in business days, and the x-axis refers to the time
domain. The partial wavelet correlation has been characterized
by its discontinuity, corresponding to the relative intensity at
each frequency in aid of the color bar representation, where
the colors range from weaker coherency in blue to stronger
coherency in red. The cone of the coherence map, called COI (the
cone of influence) margin, is indicated in the black convex curve,
with 5 and 10% significance levels, respectively, represented by
thin black lines and dashed black lines. Regarding all kinds of
possibilities in terms of partial phase difference involving SSEC,
SZI, DJIA, SPX, and NDX and daily new confirmed cases of
COVID-19 in each location, a higher incidence of regions with
strong partial coherency is plotted here.

For COVID-19 vs. SSEC, in Figures 3A.1,A.2, the correlation
coefficient in the 15–25 business days band is >0.95 during 1–
25 business days from January 1, 2020 to February 12, 2020 and
40-60 business days from March 4, 2020 to March 31, 2020. The
correlation coefficient in the 20–35 business days band is >0.95
during 100–170 business days from June 2, 2020 to September
10, 2020 and during 225–280 business days from December 7,
2020 to February 26, 2021 and the correlation coefficient in the
32–60 business days band during 1–76 business days between
January 1, 2020 and April 24, 2020 and during 220–248 business
days from November 27, 2020 to January 8, 2021, indicating
that there exists a significant long-term correlation. Meanwhile,
in the long-term frequency band, the phase difference for both
variables is in the range of π to π /2 throughout the period when
the correlation is strong, which implies that there is significantly
negatively correlated between the two time series.

For COVID-19 vs. SZI, in Figures 3B.1,B.2, with reference
to the wavelet coherence map, we found it exceeded 0.95 in
the 55–64 business days band during 1–75 business days from
January 1, 2020 to April 23, 2020 and during 205–255 business
days from November 9, 2020 to January 9, 2021 in a long-term
perspective, and it exceeded 0.85 in the 28–35 business days band
during 100–150 business days from June 2, 2020 to August 13,
2021 and exceeded 0.95 in the 25–35 business days band during
230–300 business days from December 11, 2020 to March 26,
2021, indicating significant correlation in themidterm. The phase
difference implies that, in the long-term frequency band, the two
times series are significantly negatively correlated throughout the
time period.

For COVID-19 vs. NDX, in Figures 4A.1,A.2, the correlation
coefficient in the short-term frequency band of 4–8 business
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FIGURE 1 | Track of daily increase of COVID-19 cases in China, daily SSEC, SZI, and weekly normalized China investor sentiment index from January 1, 2020 to April

31, 2021.

FIGURE 2 | Track of daily increase of COVID-19 cases in U.S., daily NDX, SPX, DJIA, and weekly normalized U.S. investor sentiment index from January 1, 2020 to

April 31, 2021.
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FIGURE 3 | The wavelet coherence and phase difference between daily COVID-19 new cases in China and SSEC, SZI. Wavelet coherence (A1,B1) and phase

difference (A2,B2).

days was about 0.95 from 1 to 20 business days from January
1, 2020 to February 5, 2020, but, after that, it turned to a
weak correlation. The midterm band of 10-15 business days
appears during 155-175 business days from August 20, 2020 to
September 17, 2020. In particular, after 280 business days from
the beginning, that is February 26, 2021, the correlation in the
long-term band of 8–32 business days increases significantly, and
this correlation continues until 325 business days, that is April
30, 2021, during which the correlation coefficient reaches about
0.95. The phase difference demonstrates that there are initially
negative correlations between two time series for both variables
at the very beginning, and then the correlation turned out to be
positive significantly during the entire co-movement period, and
the COVID-19 tends to lead its positive changes in NDX.

For COVID-19 vs. SPX, in Figures 4B.1,B.2, the short-term
correlations in the 2–4 business days band emerge during 1–
10 business days from January 1, 2020 to January 14, 2020 and
during 20–30 business days from February 5, 2020 to February
20, 2020, starting from the first business day. The mid-term
band of 10-15 business days during 155–175 business days from
August 20, 2020 to September 17, 2020. Long-term correlations
of 20–35 business-day bands appear in the 70–110 business day
range from April 16, 2020 to June 16, 2020 and 110–135 business
day range from June 16, 2020 to July 23, 2020. Starting from

280th business day in our time span, which is March 11, 2021,
a high correlation emerges for the 8–32 business day band with
a correlation coefficient around 0.95, and such correlations last
for a range of 280–350 business days from March 11, 2021 to
April 30, 2021. The phase difference showed an almost significant
positive correlation between the two time series of the two
variables during the most isotropic motion with a short period
of negative correlation at the beginning time, and that the new
coronary pneumonia tended to dominate the changes in its SPX.

For COVID-19 vs. DJIA, in Figures 4C.1,C.2, the correlation
coefficient in the long-term frequency band of 28–35 business
days was about 0.9 during 70–120 business days from April 16,
2020 to July 2, 2020, but, after that, it turned to a weak correlation.
The mid-term band of 10-15 business days appears during 150-
180 business days from August 13, 2020 to September 24, 2020. It
is worth mentioning that the correlation in the long-term band of
8–32 business days is significantly stronger, starting during 290–
350 business days from March 11, 2021 to April 30, 2021 during
275–350 business days from February 19, 2021 to April 30, 2021,
with a correlation coefficient of about 0.95, and the long-term
band of 55–64 business days during 80–125 business days from
April 30, 2020 to July 9, 2020 during 100–125 business days from
June 2, 2020 to July 9, 2020. The phase difference demonstrates
that there is significantly positive correlation between two time
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FIGURE 4 | The wavelet coherence and phase difference between daily COVID-19 new cases in U.S. and NDX, SPX, DJIA. Wavelet coherence (A.1, B.1, C.1) and

phase difference (A.2, B.2,C.2).

series for both variables during the most co-movement period
with a short time of negative correlation at the beginning and
the end part of the time span, and the COVID-19 tends to
dominantly lead its changes in DJIA.

DISCUSSION

First, it has been basically revealed from our experiment results
that, in China, both SSEC and SZI indexes synchronously
shared dominantly negative correlative effects with the increased
number of COVID-19 cases in a long-term band, including the
30th-75th, 110th-150th, 220th-280th business days since January

1, 2020, i.e., from February 19 to April 23, 2020, from June 16 to
August 13, 2020, from November 30, 2020 to February 25, 2021.
The increase of COVID-19 confirmed cases exerted dramatic
negative influences to both the SSEC and SZI indexes from the
perspective of midterm frequency as well, especially for SSEC at
the very beginning of the pandemic during the 1st-40th business
days, from January 1 to February 12, 2020.

As the first hardest-hit country of COVID-19 pandemic,
China took the immediate and unprecedented actions in public
health history to prevent the further outbreak of the epidemic,
and the first epicenter, the city Wuhan, has been completely
locked down since January 23, 2020. It is widely known that,

Frontiers in Public Health | www.frontiersin.org 8 September 2021 | Volume 9 | Article 727047408

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Nian et al. Impact of COVID-19 on Stock

17 years ago, severe acute respiratory syndrome (SARS), another
emerging coronavirus, initially attacked mainland China and led
to a total of 5,327 confirmed cases with 343 deaths (39). Such
experiences in defeating coronavirus with quarantining were still
fresh in memory of most Chinese investors, and hereby possibly
resulted in strong panic and anxiety, which would speed up
the value of the investor sentiment index into the pessimistic
tendency toward the stock market.

Afterward, WHO announced COVID-19 to be classified
as a public health emergency of international concern. The
macroeconomic environment has experienced a high correlation
with the impact of the COVID-19 pandemic during that time
period and radiated into the financial market volatility. On
the first trading day after Chinese New Year, i.e., February
3, 2020, SSEC dived 7.72% to close at 2746.61 points, and
SZI fell 8.45% to close at 9,779.67 points as stock markets
reopened, remaining a low level of consolidation with a total
of 3,188 stocks falling in both China stock markets, and the
combined daily market return below −9%, which brought the
biggest drop since 2015, and Shanghai index intraday hit the
largest decline since 23 years. Shanghai Composite main net
capital outflow was 14.44 billion yuan, Shenzhen Composite
net capital outflow was 20.69 billion yuan, with Shanghai Stock
Exchange net capital inflow of 1.92 billion yuan, and Shenzhen
Stock Exchange net capital inflow was 4.39 billion yuan. The
normalized Chinese investor sentiment index fell all the way
to 0.2 during this week, compared with 0.5 in the first week
of 2020.

In the meantime, the increase of the irrational judgment
toward COVID-19 has greatly influenced the behaviors of
investors, leading to the possible overreaction in China stock
market. One of the specific manifestations is that the uncertain
panic sentiment during the epidemic made most Chinese
investors choose to hedge the bets, and the liquidity demand
rose. The lack of awareness of the transmission route during
the initial stage, coupled with the newness, contagiousness,
and the estimated high death rate, triggered public sentiment
fluctuations, which, in turn, brought excessively pessimistic
expectations, resulting in corresponding volatility in stock
markets. To maintain a reasonable abundance of banking system
liquidity and stability of the money market during the special
period of the epidemic on February 3, 2020, the People’s Bank
of China carried out 1.2 trillion yuan in reverse repo operations
to ensure adequate supply of liquidity, and the overall liquidity of
the banking systemwas 900 billion yuan ahead of the same period
last year.

Later on, China took a series of grid governance measures
on COVID-19 epidemic prevention and control, including the
strict household survey and resident quarantine, city lockdown,
etc., and has made significant progress since March, 2020.
Confidence of the majority of the investors in China stock
market was gradually rebounded from late March to early April,
and the sentiment index of the investors tended to reflect their
hopes for the sustained economic recovery and the belief in
the ability to crush any resurgence of the virus. The average
value of normalized Chinese investor sentiment index in the
last week of April returned to 0.2. The degree of stock market

dynamism had a positive correlation with COVID-19 control.
A series of interest rate-cutting policies in major economies
around the world had also lowered the benchmark bank interest
rates and the expected returns, making stocks more attractive as
capital that began to favor higher-yielding assets [(1), Liu et al.,
2020].

Since China was among the first countries to quickly resume
production and the fiscal and monetary policies collaborated
to constitute a joint support to economy, China stock market
began to behave quite actively. On July 3, 2020, SSEC went
up to 2.01% to close at 3,152.81 points, hitting a historical
new high since April 2019, and SZI gained 1.33% up to
close at 12433.26 points. Both stock markets soared in heavy
trading volume, with turnover breaking a trillion mark in 2
consecutive days, and more than 80 individual shares reached
the daily limit up. On July 7, SSEC raised up 0.37% to close
at 3,345 points, with a volume of 793.6 billion, the highest
daily volume since the end of the last bull market; SZI rose
up 1.72% to close at 13,163.98 points. As of July 8, blue-
chip Shanghai-Shenzhen 300 Index of China stock market has
risen up for 7 consecutive trading days. Within these 7 days,
SSEC successively reached 3,000; 3,100; 3,200; 3,300; and 3,400
points, peaking a high record in 5 years. The broader context
of the surge was the better prospects, which had significantly
boosted market confidence against the backdrop of economy
recovery, and the investors combined with highly optimistic
expectations and tended to go long on the stock markets with
bullish actions. The normalized Chinese investor sentiment index
in the first and second weeks of July reached, respectively, 0.8
and 0.9.

As COVID-19 vaccine development advanced, the ease
of the epidemic made the socioeconomic environment more
stabilized. As of October, 2020, four inactivated COVID-19
vaccine candidates have entered the Phase III clinical trials.
China was leading COVID-19 vaccine development, expected
to produce up to 610 million doses by the end of 2020. On
December 31, 2020, China announced that it had granted
conditional marketing authorization for the first COVID-19
vaccine. The normalized Chinese investor sentiment index in
the first week of 2021 kept 0.8. The joint prevention and
control mechanism against COVID-19 have allowed economy
recovery. Although there was still COVID-19 recurrence of
small scale that led to localized blockades from late 2020 to
early 2021, the stock market showed no significant sign of
being slowed down, and the corresponding drop in investor
sentiment index no longer displayed the decline dramatically,
only varied around.1. Chinese equities proved to be one of
the most resilient stock markets and were backed by the
steady work resumption and stimulus policies under COVID-19
development (40).

Second, it has been demonstrated that a surprisingly strong
positive correlation between the increased number of COVID-
19 cases and NDX, DJIA, and SPX from our experiment results
in a long-term band, around the 80th–125th and 160th–175th
after 290th business day since January 1, 2020, i.e., from April
30 to July 9, 2020, from August 27 to September 17, 2020 after
March 11, 2021. As U.S. started to suffer from the epidemic, a
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brief and sharp negative correlation has been obviously observed
at the very beginning, and U.S. stock market has experienced
consecutive trading halts due to coronavirus concerns.

The first stock market crash began on March 9, 2020, with
the largest point plunge of 3.37% for DJIA up to that date
in history, 7.21 and 5.88% drops for NDX and SPX, followed
by more record-setting point drops within the next 2 weeks.
On March 12, U.S. stock market plunged 7.2% in <6min
after the opening bell, triggering a circuit breaker that halted
trading, and DJIA closed at 23,553.22 after declining 5.9%,
directly breaking the 2008 record for the largest one-day drop
since the first U.S. stock temporarily halted trading in 1987,
and the broader SPX reached 2,741.38 after decreasing 4.9%,
and the tech-laden NDX hit 7,952.05 after losing 4.7%. On
March 14, 2020, U.S. declared to struggle with the outbreak
of the COVID-19 pandemic by launching a $50 billion reserve
of emergency funds for state health care agencies, which has
been viewed as a favorable signal on Wall Street and most
investors, sending DJIA up to 1,985 points, or 9.4%, its best
gain since October 2008. On March 15, the Federal Reserve
System decided to lower the target range for the federal funds
rate to 0–0.25%, and a massive $700 billion quantitative easing
program was also announced, including the repurchase of at least
$500 billion holdings in Treasury securities and the addition
of at least $200 billion holdings in agency mortgage-backed
securities. On March 16, worries about COVID-19 and stock
market performance still sent DJIA plunging 2,997 points, or
12.9%, and SPX futures dropped 12%, triggering a circuit breaker,
and NDX closed down −12.32% since its worst day on October
19, 1987. To counter the impact of COVID-19, on March 17,
U.S. government announced to launch a $1 trillion stimulus
package that includes tax cuts, cash checks totaling $500 billion,
and the initiation of the Federal Reserve to the monetary policy
tools helped make up economic losses due to the epidemic
spreading across the U.S. On March 18, the U.S. stock market
triggered the circuit breakers again for the fifth time as DJIA
jumped 5.2% or 1,048.79 points to close at 21,237.31, with
NDX closed at 7,334.78, soaring 6.2% or 430.19 points, and
SPX climbed 6% or 143.06 points to close at 2,529.19. It is
assumed from our experiment results that at the very beginning
of COVID-19 outbreak in U.S., the crash of stock market
reflected the worries of the investors about the socioeconomic
impact of the pandemic, and there was a short-term negative
attitude toward the impediment of the epidemic to economic
development, with short-term bearishness predominating and
thus causing strong volatility in the financial markets (16).
Their uncertainty about the danger of the coronavirus and the
high transmission rate, plus the shutdown of businesses and
industries, the possibility to be laid off with a high unemployment
rate, the decreased purchasing power, all caused a great deal
of fear and insecurity among investors, made them lose the
confidence in stock market, and resulted in the value of the
investor sentiment index toward the pessimistic tendency. The
normalized U.S. investor sentiment index dropped sharply from
early March and reached its minimum in late April, during the
entire time domain of our study, compared with 0.7 in the first
week of 2020.

Although COVID-19 spread constituted one major driving
force behind the unprecedented stock market crash, it did not
last long. The stock market experienced surprising recovery,
and investor confidence came back quite soon, propelled by
a combination of federal stimulus and vaccine development
for the pandemic, with the normalized U.S. investor sentiment
index around 0.4 averagely from late August to late September.
The sharp turnaround of the stock market has, nonetheless,
created the most uneven recovery in the U.S. history, according
to the Washington Post. On August 26, 2020, DJIA gave
up 60.02 points, or 0.2%, to close at 28,248.44, with SPX
added 12.34 points, or 0.4% to close at 3,443.62, and NDX
closed at 11,466.47, adding 86.75 points, or 0.8%, which all
set a new recorded high point. Despite the rockiness of
September, Wall Street bagged its best back-to-back quarters
since 2009, with SPX growing 8.5% and DJIA gaining 7.6%
in the third quarter. The National Association of Securities
Dealers Automated Quotations Index added 11% from July
through September for its best two consecutive quarters since
early 2000s.

On November 9, 2020, Pfizer announced their mRNA-based
vaccine candidate against COVID-19, jointly developed with
BioNTech, achieved success in first interim efficacy analysis
from Phase 3 clinical study, which demonstrated evidence
over 90% effectiveness in preventing COVID-19 among the
participants without prior SARS-CoV-2 infection. Pfizer shares
hereby rose as high as $41.99 that day and closed up to
7.69% at $39.20. DJIA gained 3% or 834.57 points to end the
day at 29,157.97, marking its best day in terms of percentage
gains since June 5, with SPX increased 1.17% or 41.06 points
to close at 3,550.50; the tech-heavy NDX declined 1.5% or
181.45 points to end at 11,713.78. By December 31, 2020,
DJIA grew up 64.6% from its low point on March 23 in the
pandemic outbreak, with SPX and NDX up a whopping 67.9
and 87.9%, respectively, from their March lows. The global
equity asset binge was directly related to the mega-positive
news coming out of Pfizer vaccine development, with investors
being quite optimistic about the expectation in stock market,
and the normalized U.S. investor sentiment index got to 0.6 in
late 2020.

The American Rescue Plan Act of 2021, a $1.9 trillion
COVID-19 relief package, was signed into law on March
11. On March 31, 2021, DJIA slid 0.3% or 104.41 points
to close at 33,066.96 from a record closing high in the
previous session, which has risen 65.7% from the low point
of the epidemic eruption last March; SPX fell 0.3% or 12.54
points to end at 3,958.55 points, while the tech-heavy NDX
declined.1% or 14.25 points to finish at 13,045.39 points.
In the first quarter of 2021, major equity indexes reached
record highs; SPX and NDX rose 93.1 and 77.6%, respectively,
from their March lows, 2020. Several benchmark stock market
indexes, DJIA, SPX, and NDX, posted noteworthy gains. NDX
underperformed slightly because of higher bond yields, which
adversely affected the valuation of technology companies that
have high price-to-earnings ratios. The primary reason for the
higher DJIA was the epidemic easing and economic recovery
signals received by the investors, gradually revitalizing the
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dollar and, therefore, allowing for greater liquidity. During
the spread of COVID-19, multiple economy stimulus bills
and measures from the U.S. government, including cash
payments to taxpayers, increase in unemployment insurance
and rental assistance, further encouraged investor sentiment,
leading to additional gains in the stock market. The normalized
U.S. investor sentiment index raised from 0.6 in January
to 0.8 in March, indicating the steady positive expectation
among investors.

In general, in view of spatiotemporal co-movement impact
of COVID-19 pandemic since 2020, we conclude the external
responses of both China and U.S. stock market indexes could
be roughly divided into three distinguished phases in a long-
term band, synchronized with the investor sentiment indexes,
namely, the time period of 30–75, 110–150, and 220–280
business days for China, and the time period of 80–125 and
160–175 after 290 business days for U.S. At the first phase,
the reason for the dramatic decline in both China and U.S.
stock market indexes can be mainly attributed to the sudden
attack and rapid rise of COVID-19 confirmed cases due to
the uncertainty of the danger of the coronavirus and the high
transmission rate, and the pessimistic economic expectations
from the investors in both countries. In addition, although both
China and U.S. stock market indexes similarly made a sensitive
reaction to COVID-19 impact, and there were strongly shared
negative correlations from the beginning of the epidemic in both
countries, the significant COVID-19 impact on Chinese economy
has been recognized roughly 50 business days earlier than the
U.S. market; the rapid outbreak of the emerging coronavirus,
plus the extreme horror of the past SARS experiences, has
been highlighted into the downward trend of the Chinese
stock market, and, at that time, the effect on US stock market
could even hardly be observed. Later on, U.S. experienced
unprecedented succession of a trading halt, with the impact of
the COVID-19 sending stock indexes a cliff fall. The extreme
volatility in both stock markets was more correlated with its
negative returns, and the epidemic was more likely to further
exacerbate market panic, consistent with the leverage effect (41,
42), exhibiting the strong asymmetries. At the second phase,
thanks to a series of COVID-19 prevention measures globally
taken in response to the black swan event, the revitalization
of China and U.S. stock markets shared strong simultaneous
moves but interestingly exhibited quite opposite responses to
the COVID-19 impact. Although the Chinese stock market
still reacted ahead, with regard to the variation in COVID-
19 development, compared with the U.S. stock market, the
former tended to receive optimistic feedback from the majority
of investors until China made a great success in controlling
and preventing the spread of virus; on the contrary, the latter
showed the intensive confidence recovery from the investors
even if the daily cumulative increase of COVID-19 continued
to rise. Therefore, China stock market made a boost after the
substantial control to COVID-19 cases, revealing there was
still a consistently significant negative correlation between stock
market indexes and the increase of COVID-19 cases, while the
U.S. stock market behaved surprisingly less sensitive with regard
to the rapid growth of new confirmed COVID-19 cases, yielding

the economy revitalization positively correlated with COVID-19
impact throughout the period, indicating the differences in
investor sentiment from the two countries, with the former
relatively conscientious and the latter more aggressive under the
development of COVID-19. At the third phase, the great progress
in COVID-19 vaccine development, as well as the sustainable
economic stimulus, began to impose both direct and indirect
forces to the stock market in both countries, especially for U.S.,
which gradually stepped into a relatively orderly control to the
COVID-19 epidemic. In the meantime, China kept on the iron
fist measures to govern the virus outbreak, and only a few
occasional COVID-19 cases occurred during the time period,
which benefitted a lot to promote the performance growth in
the stock market. The vulnerability to COVID-19 diminished
to some extent as the uncertainty in the minds of the investors
gradually decreased, and the investor sentiment index values
rebounded with the insensitive tendency. The slowly growing
number of confirmed cases in both countries corresponded to
the negative correlation with the strengthening increase of stock
market performances.

In order to further potentially investigate the fundamental
roles from the external elements of investors to the variability of
the stock market, we have also made an attempt to systematically
normalize and quantize all the stock market indexes and
the investor sentiment indexes in both countries to integrate
evidence into its common spatiotemporal responses and to
help provide opportunities to detect the possible underlying
patterns of stock market performances to be predicted under
the circumstances of the COVID-19 pandemic. We first,
respectively, normalized SSEC, SZI indexes, China Investor
Sentiment Index, as well as NDX, SPX, DJIA indexes and
U.S. Investor Sentiment Index, on a weekly average, to range
from 0 to 1, then, for each given week, quantized all into
five sub statuses and grouped every three consecutive elements
along time domain as one vector in study. In this way, every
weekly stock market index or investor sentiment index has
been projected into a common three-dimensional vector space
with a total of 125 sub statuses altogether. It is surprisingly
demonstrated from our experiment results in Figure 5 that both
the stock market indexes and investor sentiment indexes in each
country followed nearly the homogenous spacial distribution
in the vector graph after quantization. Although there is still
much to be done in understanding topological attributes for
such sophisticated spatial distributed models in stock markets,
it did imply the strong consistency from the coarse-grained
perspectives, when filtering those frequent fluctuations during
the dynamic evolution of the COVID-19 pandemic. In our
future studies, deep learning models, such as long-, short-
term memory (LSTM), or complex networks, could be further
established to develop the specific multivariate predictive model
on the hypothesis, which might help insight into the status
transition forces of stock market performance to be predicted
and act as a substrate to topological properties, such as degree
distributions, transitivity, self-similarity, global correlation, scale
invariance, and community structure between stock market
volatility and investor behaviors for such kind of public
health events.
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FIGURE 5 | Quantization distribution of stock market indexes and investor sentiment indexes for both China and U.S. in terms of a vector graph with sub statuses.

(A) China investor sentiment index, SZI and SSEC. (B) U.S. investor sentiment index, SPX, NDX, and DJIA.

CONCLUSION

As one of the black swan events in public health, COVID-
19 brings unpredictable and unusual forces in the context

of economics, and hereby results in a chain of adverse
market reactions and disruptions. There has been a huge
amount of sentiment swing among global investors, which,
in turn, triggered a historic shakeout during the process.
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In this paper, we have quantitatively identified the time-
frequency co-movement impact of COVID-19 on the U.S.
and China stock markets since early 2020, NDX, DJIA, SPX,
SSEC, and SZI in terms of the daily increase of COVID-19
confirmed cases across the daily closing prices across in favor
of spatiotemporal interactions over investor sentiment index,
and then proposed to explore the potential divisibility and
the predictability to the volatility of the stock market during
the evolution of COVID-19 over time. We have systemically
retrieved the stock market variation and the growing number
of COVID-19 cases in each country, and accordingly accessed
and attained the natural logarithm—meanwhile, computed
the weekly averaging to align with the investor sentiment
indexes. To evaluate the time-frequency co-movement over
COVID-19 impact, we have calculated the wavelet coherence
map and the phase difference to capture the dominantly
correlative phases and identify the leading roles COVID-19
performed along the time domain. We suggest the responses
of stock market indexes in both countries to the COVID-19
epidemic in a long-term band, synchronized with the investor
sentiment indexes, which could be roughly divided into three
distinguished phases, namely, 30–75 (February 19, 2020-April
23, 2020), 110–150 (June 16, 2020-August 13, 2020), 220–
280 (November 27, 2020-February 21, 2021) business days for
China, and 80–125 (April 30, 2020-July 9, 2020) and 160–
175 (August 27, 2020-September 17, 2020) after 290 (March
11, 2021) business days for U.S. At the first phase, the
reason for the extreme volatility of the stock market mainly
attributed to the sudden emergence of COVID-19 due to
the pessimistic expectations from investors; the China and
U.S. stock markets shared strongly negative correlation with
COVID-19, resulting in the remarkably downward trend. The
significant COVID-19 impact on Chinese economy has been
recognized roughly 50 business days ahead, compared with
the U.S. market, and the volatility of both stock markets was
more correlated with its negative returns, and the epidemic
was more likely to further exacerbate market panic, consistent
with the leverage effect, exhibiting the strong asymmetries.
At the second phase, the revitalization of the stock market
shared strong simultaneous moves but interestingly exhibited
quite opposite responses to the COVID-19 impact on the
China and U.S. stock markets; the former retained a significant
negative correlation between stock market indexes and the
increase of COVID-19 cases, while the latter turned to
positively correlated throughout the period. At the third
phase, the progress in COVID-19 vaccine development and
the economic stimulus began to impose forces to the stock
market; the vulnerability to COVID-19 diminished to some
extent as the investor sentiment indexes rebounded. Finally,
we established a coarse-grained representation to the time
series of both stock market and investor sentiment indexes,
which demonstrated the homogenous spacial distribution in
the vectorgraph after normalization and quantization, implying
the strong consistency when filtering the frequent small
fluctuations during the evolution of the COVID-19 pandemic.
The proposed strategies could symmetrically provide the
quantitative references in reasonably deducing the economic

influences over public health issues. Although the developed
scheme still tends to be an initial attempt to understand
the volatility of the stock market, we believe it is quite
reasonable to approximate the status transition, in accordance
with the investor sentiment index, which might further help
to have insights into the potential prediction in stock market
performance.
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This paper aims to determine the existence of convergence in health expenditures

among Association for South East Asian Nations (ASEAN) countries. Based on the SPSM

procedure and panel KSS unit root test results, the public health expenditures (PUHE)

in Indonesia, Lao PDR, Cambodia, the Philippines, and Myanmar are converging, while

that of Brunei Darussalam, Malaysia, Vietnam, Singapore, and Thailand are diverging.

In addition, the sequences of private health expenditures (PRHE) in ASEAN member

states are stationary, which implies convergence. This finding is in accordance with

Wagner’s law, that is, as nations develop, they are forced to expand public expenditure.

Specifically, countries with low levels of PUHE tend to catch up with the high health

spending countries. This research has policy implications with regard to the convergence

of health expenditure across countries. The government in low- and lower-middle income

countries should raise PUHE to provide access to health services for those who are

unaffordable individuals.

Keywords: convergence, public health expenditures, private health expenditures, panel unit root test, sequential

panel selection method, ASEAN

INTRODUCTION

This paper strives to debate the convergence of public health expenditure (PUHE) and private
health expenditure (PRHE) among the Association for South East Asian Nations (ASEAN).
Enriched health conditions are of great importance for human well-being and sustainable
development strategy in any country (1, 2). The government’s spending on health will promote
public health outcomes and health capital accumulation (3, 4). Therefore, many authorities have
adopted policies to highlight medical and health expenditures (5). Convergence is regarded as
the consequence of a process in which the structures of different groups resemble each other
(6). Following this, all countries would converge to a common equilibrium level of income (7).
Health service is considered as a normal good in economics, which should exhibit similar dynamics
to income. If there is evidence of health expenditure convergence, this suggests that targets to
raise spending on public health are feasible. Reductions in disparities in health expenditure per
capita between countries are, thus, evidence that such policies have been successful (8, 9). It is
important to know how health expenditure changes concerning growth in the Gross Domestic
Production (GDP).

There is evidence of a converging pattern of increases in health expenditure between low- and
high-income countries, however, there still exist inequalities across countries (10). Currently,
although most Asian countries have some form of state-run pension or social security program for
health expenditure, coverage varies greatly (11). Coverage in PUHE tends to be higher in countries
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with higher GDP per capita (12). On the contrary, PRHE in
ASEAN countries is approximately double that of the world
average. According to Rancic and Jakovljevic (13), a high
proportion of private expenditure on health has been found
in Bangladesh and the Philippines. This high proportion of
PRHE is a major concern, as it will aggravate existing poverty
and compromise the welfare of the wider population of the
ASEAN region (14). Since the resources are scarce in developing
countries, if the allocation of budget in the health sector increases,
individual health expenditure is expected to reduce significantly.
Therefore, PRHE in parallel with PUHE to render health
services has become the predominant concern for developing
countries (15).

With the increasing globalization, urbanization,
industrialization, and energy consumption, many countries
pay attention to environmental pollution, social protection,
and health conditions in ASEAN countries (14, 16). Health
expenditure can be affected by macroeconomic variables, such as
per capita GDP (17), technological advancement (5), population
aging (18), and environmental pollution (19), etc. Countries
with a higher proportion of older population tend to have
larger health expenditure (16). Accompanied with the pressure
of population aging (such as Singapore, Thailand, Vietnam,
Indonesia, and Myanmar), health expenditure is emphasized
in the ASEAN region (7, 20). Convergence is likely to have
occurred in the economies that are more similar in medical
technology, consumer preferences, health-related policies, and
the health care system (21). Since the establishment of the
ASEAN economic community in 2015, the economic integration
in this region aims to achieve a competitive and equitable single
market and enhance the status in the global economy (22).
Economic integration also promotes the medical and health
industry and has become an important development goal. The
response has been positive to the concept of Universal Health
Coverage (UHC) proposed by the World Health Organization
(WHO) to achieve the Millennium Development Goals (MDG)
(22). The government in ASEAN countries actively promotes
the medical and health industry and related policy planning. For
instance, Malaysia has included the development of health ICT
in the 11th Malaysia Plan from 2016 to 2020, while Thailand
has announced the “2016–2020 eHealth strategy” to drive the
health care business in 20161. However, the health expenditure
still varies in ASEAN countries because of their distinctive
conditions. Hence, it is urgent to examine whether the health
expenditure in ASEAN countries converges in the context of
economic integration.

We contribute to the current literature in the following
aspects. Firstly, we concentrate on the healthcare expenditure
issues in ASEAN countries, which have been neglected in
previous studies. On the one hand, these countries have similar
economic development levels, technique progress, and problems
associated with aging. On the other hand, they have heterogenous
health policies, which reflect the market and social choices
concerning the supply of services, remuneration of health care
providers, and the institutional arrangements for the finance

1Sourced from: https://www.sohu.com/a/260435973_100091613

of the health industry. These factors attract our interest to
highlight the convergence of health expenditure in this region.
Additionally, we distinguish the health expenditure into public
and private segments across developing countries to evaluate the
equity of their health systems. Finally, taking potential structural
changes into account, we improve the non-linear Sequential
Panel Selection Method (SPSM) and panel Kapetanios et al.
(23) (KSS) unit root techniques to overcome the low power in
detecting mean reversion. Furthermore, to deal with the cross-
section dependence in the panel, we approximate the bootstrap
distribution and this was not done in the previous study which
assumes the cross-section independence. The empirical results
report that the sequences of PUHE in Indonesia, Lao PDR,
Cambodia, the Philippines, and Myanmar are stable, which
implies that the PUHE are convergent. The PRHE in ASEAN
member states has converging patterns, which is consistent with
Wagner’s Law. That, is, as nations become more advanced,
they are forced to become more regulatory and improved,
thereby expanding the public expenditures. Specifically, Hitiris
(24) proposes that nations with low levels of health expenditure
will catch up with high health spending nations. Therefore,
the government in low- and lower-middle-income countries
should offer more health resources for the poor to promote
human capital.

The remainder of the paper contains the following sections.
Section Literature Review summarizes related literature about
this topic. Section Wagner’s Law in Health Expenditure
constructs the theoretical foundation in the field of public
expenditure. SectionMethodology describes the Sequential Panel
Selection technique and advanced panel unit root test method.
Section Data introduces the data and section Empirical Results
analyzes the empirical result. The last section gives conclusions
and implications.

LITERATURE REVIEW

The concept of convergence has attracted lots of attention in an
economic context. Theoretical discussions about convergence are
based on the catch-up effect (24), which states that the GDP of
slow-growing economies tends to converge to the fast-growing
economies. Garrett et al. (25) propose that welfare would be
converging because government size and growth are determined
by the demand of its citizens or a collection of citizens organized
into special interest groups. Interest groups can increase the
size of government by organizing members and applying
political pressure more effectively than individual citizens. Swank
(26) argues that the social-economic issues created by market
integration will put pressure on the government to expand
welfare expenditure in the globalization process. By contrast,
neo-liberal economics think globalization has limited the policy-
making choices by forcing them to prioritize international
competitiveness in their fiscal and economic policies while
cutting back welfare expenditure. Wagner (27) believes that
with the development of nations, they are forced to become
more improved and expand public expenditure, which is
fundamentally consistent with Swank (26).
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Empirical studies mainly focus on the convergence
phenomenon in developed countries. In specific, Hitiris and
Nixon (28) employ the panel of European Union (EU) members’
data and reveal that health expenditure exhibits β-convergence.
Specifically, both absolute and conditional β-convergence are
evident in per capita healthcare expenditure whereas only
absolute β-convergence is supported for health expenditure as
a share of GDP. Most scholars use a battery of unit root test
to approximate the convergence process in empirical research.
Hofmarcher et al. (29) recognize that health expenditure
convergence occurs since the establishment of the Monetary
Union, while before that, there is an extending wide gap in the
average health expenditure levels in EU countries. Pekkurnaz
(18) investigates the convergence of health expenditure by panel
unit root tests in the Organization of Economic Cooperation
and Development (OECD) countries and suggests that almost
one-fourth of the countries were found to be converging between
1980 and 2012. Payne et al. (30) also take the OECD countries as
an example and the unit root test results support for per capita
health expenditure convergence among most OECD countries,
and converging to the USA (31). Musgrove et al. (32) think
that as income rises there is a convergence in the healthcare
spending represented by public expenditure and out-of-pocket
spending in WHO member states. Clemente et al. (33) found
several convergence groups and reveal the existence of different
patterns of behavior and disparities in the Spanish health system.
However, contradictory conclusions are also proved by Lau
et al. (7), who provide evidence that cannot be rejected by the
existence of unit root for the health expenditure of most EU
member states, even after taking non-linearity into account.
Panopoulou and Pantelidis (34) propose that divergence in the
full panel, but groups of countries can converge to different
equilibria by using the Phillips and Sul (35) panel convergence
analysis. Montanari and Nelson (36) confirm that European
healthcare systems are not particularly hit by retrenchment and
that convergence is absent in public healthcare dimensions.
The existence of a single pattern of behavior of personal health
care expenditure across the US states is rejected by Clemente
et al. (37).

Despite extensive literature on the topic, studies about
the path of health expenditure among developing regions is
limited. The co-integration approach was applied to investigate
convergence in health expenditure among the Economic
Community of West African states by Oyedele and Adebayo
(38). The finding is that the divergence exists in health
expenditures, which indicates that there are differences across
countries in health expenditures. In other words, the spending
on the health industry will converge to its steady-state for each
country. Odhiambo et al. (39) give evidence of the absolute and
conditional convergence of health expenditure on a panel of 41
Sub-Saharan Africa countries for the period 2000 to 2011. Zhang
et al. (40) point out that the government health expenditure
disparities among the provinces in China are narrowing during
2003–2007 and the supply-side variables contribute to the
government health expenditure convergence by taking the widely
applied α and β-convergence tests. In the context of ASEAN
countries, Sagarik (20) examines the determinants of PUHE and

finds that older population and economic openness are negatively
correlated with government health expenditure. Rahman et al. (5)
reveal that the increase in health expenditure can promote the
performance of health outcomes and quality of life (41).

However, there are obvious shortcomings in the extant
studies. Firstly, from the perspective of this research object, most
of the literature about the convergence of health expenditure
has been conducted in OECD countries and other developed
regions, while few focus on this issue in fast-growing emerging
economies, such as ASEAN countries, or consider that the
economic community has stimulated the integration of these
member countries. This, an examination of whether the
existence of convergence of health expenditure in ASEAN is
necessary. Furthermore, most studies concentrate on aggregated
or government health expenditure, while few studies distinguish
specific health expenditure. Finally, considering the research
method, the test procedure in most previous studies included α-
and β-convergence which is based on the restrictive assumptions
that countries follow the same growth path due to common
technology, similar preferences, policies, and the potential for
growth. The traditional linear unit root tests have low power
when structural changes exist (42) and when there are problems
with cross-section dependence. As we know, the global financial
crisis in 2008 and the establishment of the ASEAN economic
community will shock the stability of the series, then lead to
structural breaks. The panel-based unit root tests are joint tests
of a unit root for all members of a panel and are incapable of
determining the mix of the I(0) and I(1) series in a panel setting.

WAGNER’S LAW IN HEALTH
EXPENDITURE

As we mentioned in the literature review, Swank (26) and
neo-liberal economics have opposite ideas about public welfare
expenditure in the globalization process. However, Wagner (27)
found a common trend in public expenditure, which increases
constantly over time within a nation. Therefore, they outline
that as the economy grows, the activities and functions of the
government also increase, which is called Wagner’s Law. The
mechanism can be explained from three perspectives. First, with
the development of the economy, the demands for infrastructure
and social protection increase because of the increased division
of labor that increases with industrialization. Thus, nations
have to increase their role in terms of public, regulatory,
and protective activity. Moreover, increased urbanization and
population density would require more public expenditure on
law and economic regulation, highlighting administrative, and
protective functions. Hence, as nations become more advanced,
the market forces nations to become more regulatory and
improved, thereby expanding public expenditure (20).

It can be further inferred that as citizens have higher incomes,
they demand more education, entertainment, more equitable
distribution of wealth and income, and generally more public
services. In the meanwhile, people would like to have better
access to and availability of knowledge on medical advances,
which drives them to demandmore diagnostic services, screening
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and monitoring, surgical procedures, and medical resources to
raise life expectancy (43). More advanced health and medical
technologies are thus invented or introduced from developed
countries to less developed regions. Investment in health can
improve human capital, which thus increases productivity and
finally contributes to economic growth (44). Hence, from this
point of view, the authorities must ensure a healthy workforce
with the help of technological advances. In addition, spending
on the healthcare industry can promote income equality and
eliminate poverty (45). However, individuals tend to increase
PRHE if they do not receive adequate public health services.
Ultimately, countries with low levels of PUHE tend to catch up
with high health spending countries (24). Fundamentally, the
catch-up effect complements the application of Wagner’s Law in
the field of public expenditure.

METHODOLOGY

Since non-linearities generally exist in macroeconomic and
financial time series, which leads to conventional unit root
tests having low power to detect the mean-reverting tendency
of the series (42). Ucar and Omay (46) propose a non-linear
panel unit root test by combining the non-linear framework in
Kapetanios et al. (23) (KSS) with the panel unit root testing
procedure of Im et al. (47). Perron (48) argues that if there is
a structural break, the power to reject a unit root will decrease.
Meanwhile, structural breaks are ignored in the data generating
process, with analysis accepting the null hypothesis of a unit root.
Therefore, Chortareas and Kapetanios (49) highlight the SPSM,
considering the Fourier function. We believe this method is the
best way to test for stationarity health expenditure among 10
ASEAN countries.

According to Kapetanios et al. (23), the KSS unit root
test can detect non-stationarity against a non-linear but
globally stationary exponential smooth transition autoregressive
(hereafter, ESTAR) process. The model can be given by

1HEt = γHEt−1

[

1− exp
(

−βHE2t−1

)]

+ ωt (1)

where HEt refers to health expenditure, ωt obeys the standard
normal distribution of zero mean with constant variance,
and β ≥ 0 governs the speed of transition in the ESTAR
process. Under the null hypothesis, HEt has a linear unit root,
but follows a non-linear stationary ESTAR process under the
alternative. Kapetanios et al. (23) used a first-order Taylor
function approximation for 1 − exp

(

−βHE2t−1

)

under the null
hypothesis β = 0, as shown in the following function:

1HEt = δ + ρH3
t−1 +

∑

k
i=1βi1HEt−i + ωt , t = 1, 2, . . . ,T

(2)

In this function, the null hypothesis is ρ = 0 (non-stationarity)
and the alternative hypothesis are expressed as ρ < 0 (non-
linear ESTAR stationarity). Then, Ucar and Omay (46) expand
a non-linear panel unit root test based on Equation (1), that is:

1HEi,t = γiHi, t−1

[

1− exp
(

−βiHE
2
i, t−1

)]

+ ωi,t (3)

Similarly, we consider the first-order Taylor series with the
ESTAR model around βi = 0 for all i in Equation (3):

1HEi,t = δi + ρiH
3
i,t−1 +

∑

k
j=1βi,j1HEi,t−j + ωi,t (4)

where ρi = γiβi and we can get the hypotheses as follows:

H0 : ρi = 0, for all i (linear non− stationarity)

H1 : ρi < 0, for some i (non− linear stationarity) (5)

Combining the Fourier function with Equation (4), we
construct as:

1HEi,t = δi + ρiH
3
i,t−1 +

∑

k1
j=1βi,j1HEi,t−j

+ ai,1 sin(
2πkt

T
)+ bi,1 cos(

2πkt

T
)+ ω

i,t
(6)

where t = 1, 2, . . . ,T, k represents the frequency selected
for the approximation, [ai, bj]

′ measures the amplitude and

displacement of the frequency, and [sin
(

2πkt
T

)

, cos( 2πktT )] is

selected in that a Fourier expression is capable of approximating
integrable functions to any desired degree of accuracy. If there
is a structural break, it must contain one frequency component2.
Gallant (50), Becker et al. (51), Enders and Lee (52), and Pascalau
(53) provide evidence that a Fourier approximation can capture
the detail of an unknown aperiodic function. Moreover, the grid-
search technique is performed to find the optimal frequency.
Ucar and Omay (46) further explain that the statistic (hereafter,
OU statistic) particularly suits small N observations.

The SPSM procedure contains three steps: firstly, the panel
KSS test with a Fourier function is applied to all series in the
panel. If the null hypothesis of unit root cannot be rejected, the
procedure is terminated, which means all the series in the panel
are non-stationary. Otherwise, we proceed to the next step; that
is, we remove the series with the minimum KSS value from the
panel because it is regarded as stationary; finally, we repeat the
first step for the remaining series, or stop the procedure if all the
series are removed from the panel. After the above three steps,
the stationary series and non-stationary series can be separated.

DATA

The annual data ranging from 2000 to 2018 for PUHE and PRHE
per capita of 10 ASEAN member states3 is sourced from WHO
database. Health expenditure per capita series for these countries
are adjusted by 2011 purchasing power parity (PPP) US Dollar
to avoid the issues of exchange rate and inflation. To obtain the
convergence effect, the health expenditure of country relative

2Enders and Lee (52) suggest that the frequencies should be obtained according

to the principle of minimization of the sum of squared residuals. However, their

Monte Carlo experiments suggest that high frequency will leads to the loss of

power, while one or two frequencies are appropriate.
3The ASEAN member states include Brunei Darussalam, Cambodia, Indonesia,

Lao PDR, Malaysia, Myanmar, the Philippines, Singapore, Thailand, and Vietnam.
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FIGURE 1 | Plots of PUHE and fitted nonlinearities across ASEAN countries.

to the average health expenditure per capita among ASEAN
countries should be constructed as indicated below (18, 30):

αit = ln[HEit/average (HE)t] (7)

where i denotes the country; t represents time; ln is the
natural logarithm.

Association for South East Asian Nations has achieved notable
economic outcomes in recent decades (54, 55), which indicate
that the total GDP in ASEAN has grown more than five-fold
from 2000 and become the fifth-largest economy worldwide
(56). However, these countries have undergone tremendous
demographic, political, economic, and sociocultural transitions
along with rapid economic development (57). Brunei, Cambodia,
Malaysia, Singapore, and Thailand present the negative growth of
the economy with the shock of the global financial crisis in 2008.
The economy has been gradually recovering from the crisis in
ASEAN since 2011. Moving to 2015, the economic community
has been built. Due to the expansion of the middle class and
the improvement of health awareness, the correspondingmedical
policies have been issued successively (22). The entire population
has been covered by social health insurance in Thailand. In
the case of Malaysia, the entire population has access to public
health services, whilst in Singapore, more than 90% of the
individuals are served by the compulsory government-organized
health insurance scheme (58). Health insurance is available to
more than half of Indonesians, with an ambition to achieve
national coverage of UHC by 2019. Although big progress has
been acquired in using health equity funds in Cambodia, the
coverage of health insurance is still low in Cambodia (24%) and
Lao PDR (15%).

In the process of globalization, Southeast Asia is the most
active region, with many migrant workers flowing both within
the region and between ASEAN. This presents other potential
health concerns (58). Most migrants, still need to pay for medical
expenditure privately in Singapore and the Philippines (58).
Indonesia consists ofmany islands, which results in diseconomies
of scale in the provision of health services by the government.
Thus, private involvement was more dominant than government
provision in health expenditure before 2010 (41). As a result, the
Indonesian population is often forced to rely on private medical
services out of necessity. As a complement to the public health
care system, the rapidly-growing private sector offers curative
and rehabilitative services and is financed on a non-subsidized,
fee-for-service basis in Malaysia (59).

In Figures 1, 2 the deterministic trend plotted in red is closely
fitted to the path of health expenditure at unknown breaking
dates. Health expenditure in ASEAN countries shows fluctuating
upward trends in the sample period. The PUHE shows a slight
decline at the turning point of the global financial crisis in 2008,
while PVHE keeps the increasing path during 2000–2018. The
potential structural breaks in our dataset require a non-linear
approach in the following trend analysis.

EMPIRICAL RESULTS

Table 1 lists the descriptive statistics of PUHE and PRHE in
ASEAN members. It can be observed that there are huge
differences in PUHE among ASEAN countries. Except for
Brunei, Malaysia, and Thailand, the mean values of PUHEs
exceed PRHEs, and the situation is opposite in other countries.
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FIGURE 2 | Plots of PRHE and fitted nonlinearities across ASEAN countries.

TABLE 1 | Descriptive statistics.

PUHE PRHE

Mean Max. Min. Std. Dev. Mean Max. Min. Std. Dev.

Brunei Darussalam 1606.875 1891.943 1407.643 167.290 200.708 351.669 94.878 94.047

Cambodia 31.076 55.556 14.046 13.116 103.479 151.962 53.754 34.440

Indonesia 84.590 185.061 27.633 46.778 146.019 209.340 65.603 50.486

Lao PDR 33.747 64.667 16.857 14.716 64.005 84.392 46.506 11.981

Malaysia 371.624 611.028 165.784 141.682 338.532 582.672 188.896 123.307

Myanmar 17.753 61.403 2.752 19.316 85.339 223.027 18.652 72.639

Philippines 70.214 128.622 36.115 26.575 149.194 262.291 55.215 67.165

Singapore 1007.087 2243.973 367.028 585.863 1461.443 2204.309 886.624 429.183

Thailand 322.323 551.219 125.161 133.306 120.878 169.057 92.354 22.496

Vietnam 98.715 200.541 33.384 54.496 136.449 231.499 60.447 51.763

Brunei has the highest mean PUHE while the lowest mean value
is in Myanmar. Except for Singapore, there is little difference in
PRHE among countries.

The linear augmented Dickey-Fuller (ADF) (60), Phillips
and Perron (PP) (61), and KPSS (23) unit root tests (with
the trend and without trend) are applied to investigate the
null hypothesis of a unit root in the PUHE and PRHE,
respectively. The results for PUHE in Table 2 reveal clearly
that the null hypothesis of a unit root without trend cannot
be rejected except for in Thailand according to the PP test,
while KPSS shows Indonesia and Lao PDR are stationary. In
another case, we need to consider that there is a unit root
for sample countries. Table 3 shows that the null hypothesis
can be rejected for Cambodia and Thailand based on ADF

and PP tests, while the KPSS test implies that Cambodia and
Indonesia are stable. The results of unit root tests with the trend
are basically in accordance with the above findings. However,
structural breaks often exist in time series and are ignored
by the linear unit root tests, which reduce the power of the
linear unit root test (48). Moreover, the individual unit root
tests do not consider the cross-section dependence across the
ASEAN panel.

As the beginning, we apply the first-generation panel unit root
methods by Levin, Lin, and Chu (LLC) (63). Im, Pesaran, and
Shin (IPS) (47), and Maddala and Wu (MW) (64) to test the
panels of PUHE and PRHE in Table 4. The results show that
it cannot be rejected the null hypothesis of a unit root even
under the 10% significance level. However, the first-generation
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TABLE 2 | Univariate unit root tests of the PUHE.

Sequence ADF PP KPSS

Without trend With trend Without trend With trend Without trend With trend

Brunei Darussalam −2.120(0) −3.220(0) −2.233(1) −3.215(2) 0.573[1]** 0.113[0]*

Cambodia −0.015(3) −3.984(3) 1.912(1) −1.693(1) 0.466[3]** 0.121[2]**

Indonesia 1.579(0) −3.248(2) −1.604(1) −3.038(1) 0.297[3] 0.155[2]**

Lao PDR −0.962(0) −2.892(0) −0.843(0) −2.741(3) 0.191[0] 0.160[2]**

Malaysia 0.167(0) −1.857(0) 1.638(0) −1.838(1) 0.449[3]* 0.174[2]**

Myanmar −0.639(0) −3.095(2) −0.727(1) −2.036(2) 0.505[3]** 0.133[2]*

Philippines 1.629(0) −2.564(0) 2.073(3) −2.655(1) 0.387[2]* 0.150[2]**

Singapore −0.505(1) −0.819(0) 0.361(1) −0.781(2) 0.559[3]** 0.160[3]**

Thailand −2.540(0) −2.735(1) −2.811(3)* −2.604(4) 0.445[3]* 0.072[1]

Vietnam −1.327(0) −2.385(0) −1.302(3) −2.118(2) 0.532[3]** 0.186[1]**

* and ** indicate significance at the 10 and 5% level, respectively. The number in parenthesis suggests the lag order selected based on the recursive t-statistic by Perron (48). The

number in the brackets indicates the truncation for the Bartlett Kernel proposed by the Newey-West (62) test (similarly hereinafter).

TABLE 3 | Univariate unit root tests of the PRHE.

Sequence ADF PP KPSS

Without trend With trend Without trend With trend Without trend With trend

Brunei Darussalam 0.124(0) −2.084(0) 0.202(2) −2.296(2) 0.569[3]** 0.099[2]

Cambodia −0.287(0)* −3.044(0) −2.857(1)* −3.048(1) 0.278[2] 0.088[1]

Indonesia −1.579(0) −0.598(0) −1.604(1) −0.609(0) 0.297[3] 0.155[2]**

Lao PDR −2.347(0) −3.307(0) −2.290(2) −3.269(3) 0.573[2]** 0.079[2]

Malaysia −0.403(2) 0.815(2) 0.719(1) 0.080(6) 0.562[3]** 0.161[3]**

Myanmar −0.780(0) −1.812(1) −0.829(2) −0.101(1) 0.505[3]** 0.146[3]**

Philippines −1.518(0) −3.553(2)* −1.486(1) −3.167(1) 0.491[3]** 0.057[1]

Singapore −1.575(0) −1.257(0) −1.488(1) −1.219(4) 0.525[3]** 0.155[3]**

Thailand −2.125(0) −1.293(0) −3.282(1)** −0.881(5) 0.514[3]** 0.180[2]**

Vietnam −2.157(0) −3.285(0) −2.089(3) −3.066(5) 0.460[3]* 0.188[3]**

* and ** indicate significance at 10 and 5%, respectively.

panel unit root tests assume cross-sectional independence,
which may not be applicable in a panel constructed by
neighboring countries in the process of economic integration.
In light of this consideration, the second-generation panel
unit root tests by Bai and Ng (65), Choi (66), Moon and
Perron (67), and Pesaran (68) are further employed. Table 4
provides evidence that PUHE and PRHE sequences contain a
stationarity process under second generation panel unit root
tests. Thus, the consideration of cross-sectional assumption
gives more consistent results of convergence. However, the
panel unit root tests cannot give the individual characteristics
of certain economies. As we analyzed in methodology, the
panel KSS unit root test with Fourier function not only takes
account of structural breaks but also cross-section dependence,
which allows individual nations to follow distinctive non-linear
growth paths.

We then employ a panel KSS unit root test combined
with the SPSM, under the non-linear framework with Fourier
function. Fourier functions can capture any structural breaks
of an unknown form as a smooth process (52). This test is

also applicable for the existence of a cross-section dependence
problem. The results shown in Tables 5, 6 are for 10,000
replication simulations.

Table 5 indicates that after the panel KSS test, the null
hypothesis was rejected at the 1% significant level with the
statistic of−3.206. Therefore, we implemented the SPSM process
and found the minimum KSS value in Indonesia, which reveals
that the PUHE in Indonesia is stationary. We then removed
this sequence from the entire panel and continued the first
step for the remaining sequences. The statistics of −2.882 still
imply we should reject the unit root at a 1% significance level.
The corresponding series is Lao PDR, which has the lowest
KSS based on SPSM, should be removed from the panel. This
procedure continued until we could not reject the null hypothesis
at the 10% significance level. We removed five sequences for
Indonesia, Lao PDR, Cambodia, the Philippines, and Myanmar
from these procedures, which indicates that only these five series
are stationary. Similarly, the results shown in Table 6 reveal that
all the series of PRHE can be rejected by the panel KSS unit root
test, implying that PRHE in ASEAN countries is stable.
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The government of the Philippines started the National Health
Insurance Program (NHIP) to ensure financial risk protection
for all citizens in 1995. All retirees from government and
the private sectors, government employees, and their spouses,
children, and retired parents are eligible for insurance coverage,
and employer mandates ensure coverage for Filipinos working
in the formal sector of the economy (69). Coupled with the
UHC program, NHIP has covered 80% population, including
the poorest 9.6 million families being subsidized by the national
and local government. In 2013, the NHIP was amended in
terms of the benefit design and provider payment mechanisms,
and co-payments were reduced (58). In December 2010, the
Philippines Department of Health decided to extend the NHIP
to achieve UHC for all Filipinos (70). In the revised version,
increasing support and reducing out-of-pocket payments became
an important focus of health policy (71).

Indonesia highlights progress in terms of UHC and migrant
protection because health expenditure can be regarded as
an investment in human capital (72). Good human resource
management used byMalaysia during the financial crisis has been
proved to help the country overcome turmoil (73). In 2014, the
government has aimed to achieve UHC by 2019 (58). Meanwhile,
the authority implements the NHIP, named Jaminan Kesehatan
Nasional (JKN). The JKN aims to integrate the three main
existing fragmented schemes, that is, the government-financed
health insurance program for the poor, Askes for civil servants
and pensioners, and Jamsostek for formal sector workers. In
addition to covering medical insurance, Askes and Jamsostek
schemes also provide work-related injury, retirement, and death
benefits. This health insurance program covers the workers
in formal and informal sectors, and benefits for 60% of the
population (74).

The Lao PDR is a low-income country where the poor and
informal workers comprise 80% of the total population, private
spending on health is more than 60% of total health expenditure
(75). To provide more health services, financial protection, and
generate resources for the health sector, the government intends
to create a national health insurance authority to unify the four
different social health protection schemes (76). In this program,
the self-employed and families who live in poverty can be served
and get subsidies. The expectation is that a unified institutional
arrangement will lead to UHC by 2020. In addition, the Global
Health Action proposed by the EU in 2015 is to strengthen the
capacity of national institutes of public health in several low- and
middle-income countries, including Lao PDR (77).

Cambodia, like many lower-middle-income countries, has
committed to UHC and implemented reforms to expand the
quality of services in the health system over recent decades (78).
Policies include formal user fee exemptions, health equity funds
sponsored by the government, vouchers, and health insurance
(79). The funded target is especially for the poor, by removing
financial barriers to public health facilities and reimbursement of
health-related fees for the poor (80). Studies have confirmed the
positive effect of public health services on the poor.

After the civil war and military regime, the Myanmar health
system is a mix of public and private systems in terms of
both financing and service provision. The Myanmar Ministry of

TABLE 4 | Panel unit root tests.

PUHE PRHE

Type of test Statistic p-value Statistic p-value

FIRST GENERATION

LLC 0.482 0.685 1.157 0.876

IPS −0.206 0.418 0.193 0.577

MW 23.065 0.286 19.609 0.483

SECOND GENERATION

Bai & Ng −0.974 0.835 −0.716 0.763

Moon Perron −7.598*** 0.000 −8.287*** 0.000

Choi (Pm) 1.651** 0.049 1.503** 0.066

Perron −1.607 0.620 −2.235* 0.095

*, **, and *** indicate significance at the 10, 5, and 1%, respectively.

TABLE 5 | Results of panel KSS with Fourier test on PUHE.

Sequence OU statistic p-Value Min KSS k Series

1 −3.206*** 0.000 −4.024 2 Indonesia

2 −2.882*** 0.006 −2.736 2 Lao PDR

3 −2.736** 0.010 −2.574 2 Cambodia

4 −2.693** 0.026 −2.504 2 Philippines

5 −2.276* 0.091 −1.838 2 Myanmar

6 −2.088 0.172 −1.687 2 Brunei Darussalam

7 −2.441 0.152 −1.341 2 Malaysia

8 −2.612 0.140 −1.209 2 Vietnam

9 −2.327 0.174 −1.169 2 Singapore

10 −1.510 0.275 −0.304 2 Thailand

***, **, and * indicate significance at the 1, 5, and 10% significant levels, respectively; k

is the frequency; The asymptotic p-values are simulated by the Bootstrap method using

10,000 replications.

TABLE 6 | Results of panel KSS with Fourier test on PRHE.

Sequence OU statistic p-Value Min KSS k Series

1 −3.571*** 0.000 −3.926 2 Cambodia

2 −3.408*** 0.000 −2.870 2 Singapore

3 −3.392*** 0.000 −2.835 2 Vietnam

4 −3.251*** 0.001 −2.576 2 Lao PDR

5 −3.130*** 0.002 −2.426 2 Thailand

6 −2.955*** 0.005 −1.954 2 Malaysia

7 −2.514** 0.040 −1.947 2 Brunei Darussalam

8 −2.466* 0.093 −0.854 2 Myanmar

9 −2.984* 0.090 −0.845 2 Philippines

10 −2.297* 0.097 −0.276 2 Indonesia

***, **, and * indicate significance at the 1, 5, and 10% significant levels, respectively; k

is the frequency; The asymptotic p-values are simulated by the Bootstrap method using

10,000 replications.

Health started to repair the fragile health system in 2011 and
increased health-related investment, setting the goal of achieving
UHC by 2030. However, due to the lack of reliable medical
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insurance systems and the shortage of health financial funding,
dependence on private funds is high, accounting for 80% of
Myanmar’s total health expenditure (81). As an important step
to achieve universal medical coverage, the government increased
medical expenditure by 8.7 times from 2011 to 2015.

The PUHE in the above countries shows the convergence
attribution, while Brunei Darussalam, Malaysia, Vietnam,
Singapore, and Thailand diverge. It can be found that the
PUHE are relatively high in these economies, such as Brunei
Darussalam and Malaysia, with an advanced economy and
social development indicators. This result is in line with
the study of Sagarik (20), who found that the Philippines,
Cambodia, Indonesia, and Laos are in the bottom group in
terms of public expenditure share of GDP. Healthcare for
citizens and permanent residents is virtually free of charge. This
supports the study by Lagomarsino et al. who believe many
upper-income groups are progressing toward, or have already
achieved UHC (82). On the contrary, the government in many
low- and middle-income countries is striving toward universal
coverage and trying its best to raise funds through various
channels to expand welfare and health expenditure (83). On the
other hand, Southeast Asia has huge population mobility and
there are many migrant workers. The convergence in ASEAN
countries confirms the compensation theory, which believes
that globalization has a positive impact on public spending
because of social and economic problems such as unemployment
migrant and unequal income distribution. This will spur public
welfare expenditure to help those who are negatively affected by
globalization (26).

Based on the empirical results in Table 6, all the sample
countries show convergence in PRHE. The backbone of health
services is in the public sector, but the transition to a market
economy has promoted the growth of the private health sector.
In urban areas, private pharmacies and clinics are often the
first choice for medical services (84). Urbanization can lead to
expensive services because overcrowded medical facilities cause
diseconomies of scale (85). The payment method of the medical
market will also affect the difference in medical expenditure.
Private or out-of-pocket systems are health payment schemes
that fund health care (86, 87). Meanwhile, marketization brings
diversified health products and promotes the prosperity of
the health and medical industry. With the improvement of
health awareness and the income level of nations, PRHE will
increase accordingly.

CONCLUSIONS AND IMPLICATIONS

This paper explores the convergence of health expenditure in
ASEAN countries by the SPSM and panel KSS unit root test
method. The empirical results report that the PUHE in five
economies (Indonesia, Lao PDR, Cambodia, the Philippines, and
Myanmar) are stationary, which means they are converging.
These countries are classified as low- or lower-middle-income
countries, which are striving to increase PUHE to achieve UHC
goals. While the PUHE in the other five ASEAN member

states (Brunei Darussalam, Malaysia, Vietnam, Singapore, and
Thailand) are diverging, they have already made certain
achievements in the health industry. Additionally, the PRHE
in ASEAN countries shows the convergence, although most of
them are accepted to have the unit root by traditional unit root
tests. The reason may be that marketization and globalization
promote the prosperity of the health care industry, and leads
to the diversification of PRHE. This finding supports Wagner’s
Law, which states that as the economy grows, the activities
and functions of the government also tend to increase (27). In
this context, economic development and urbanization would
lead to an increase in PUHE, due to the increasing need for
public health facilities. Consequently, countries with low levels
of health expenditure may catch up with countries that have high
healthcare spending.

According to the results, the following recommendations
can be made: firstly, achieving convergence across countries
can promote economic growth by encouraging countries to
undertake expenditure on health care in a cost-effective way
(18). The convergence in PRHE reflects the improvement
of public health awareness and the high cost of medical
technology. The government should assume more responsibility
in offering PUHE for the poor, to whom health services
may be unavailable. Furthermore, low- and lower-middle-
income countries need to improve health expenditure to achieve
the positive cycle of a labor-capital promoting economy and
economic feedback of human capital (20). Finally, even though
convergence in health expenditure has been confirmed in
certain countries, governments should take into account the
particular situation of that country, particularly the development
process to implement appropriate health-related policies rather
than copy the experiences of other countries (10, 36). As
political will and health awareness increase, ASEAN has
significant potential to become a force for better health
services in this region. Ultimately, people can enjoy higher
health standards, comprehensive social protection, and improved
health status.

There are shortcomings to this study due to the limited
availability of the sample period, and future research should
therefore focus on the issues affecting healthcare or welfare
expenditure in ASEAN countries to verify our conclusions.
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R&D Investments, Debt Capital, and
Ownership Concentration: A
Three-Way Interaction and Lag
Effects on Firm Performance in
China’s Pharmaceutical Industry
Chih-Yi Su, Yao-Ning Guo, Kuang-Cheng Chai* and Wei-Wei Kong

School of Business, Guilin University of Electronic Technology, Guilin, China

The existing literature has yet to provide consistent evidence on the relationship between

R&D investments and firm performance. The current study attempted to fill this gap in

the literature by examining the effect of lag structure and the moderating role of financial

governance, in terms of debt capital and ownership concentration, on the returns of R&D.

Analyzing a sample of China’s pharmaceutical firms from 2009 to 2018, we found that the

effect of R&D upon growth begins in the second year after R&D spending and increases

thereafter. There exists a vigorous debate about the choice between debt and ownership

structure. To fill this gap, we proposed a three-way interactive effect. The results suggest

that firms that invest heavily in R&D may achieve their highest performance when the

use of debt capital and the extent of ownership concentration are both low. This study

contributes to the R&D investments and financial governance literature by reconciling

previous mixed evidence about the returns of R&D and the debt–equity choices on R&D

investment decisions.

Keywords: R&D investment, debt capital, ownership concentration, three-way interaction effect, lag effects,

China’s pharmaceutical industry

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic underscored the importance of research
and development (R&D) in the pharmaceutical industry. R&D plays a key role in responding
to the COVID-19 outbreak and acts as a critical lever to ensure a sustainable and inclusive
recovery while boosting the resilience of the socioeconomic system (1, 2). The pharmaceutical
industry devoted $186 billion dollars to R&D expenditure in 2019 (3). The share of revenues
that pharmaceutical firms invest in R&D has also grown, i.e., approximately one-quarter of their
revenues (net of expenses and buyer rebates) in 2019, which is almost twice as large a share of
revenue as spent in 2000 (4, 5). This share is larger than that for other innovation-based industries,
such as semiconductors, technology hardware, and software (5). However, committing investments
to R&D projects is risky due to the long-time horizon, the nontrivial likelihood of project failure,
and associated exchange hazards (6, 7). The collective shock of COVID-19 and the challenge of
rapidly responding to the pandemic offer an opportunity to reconsider the pharmaceutical R&D
strategy. Therefore, it is crucial to explore how pharmaceutical firms mitigate the hazards of R&D
investments on current firm performance before making an investment decision.
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Although extant research has studied the relationship between
R&D investments and firm performance, the existing literature
has yet to provide consistent evidence on this relationship.
The mixed findings about the performance impact of R&D
investments can be attributed to the lack of consideration of
time lag effects and the existence of contingencies that moderate
the main effect (8). At present, most scholars have discussed
factors such as firm size (9), industry context (10–12), country
context (13, 14), and disclosure of R&D investment content (15);
however, less research has been conducted from the perspective
of ownership and debt structures. Investments in R&D can help
to build capabilities that enhance competitive advantage (16, 17),
but they are subject to serious exchange hazards that require
strong governance safeguards (18, 19). According to transaction
cost theory and agency theory, debt and equity are alternative
governance structures for safeguarding the capital invested in
a firm (19, 20), and for reducing managerial discretion and
agency problems (21). However, there is no clear consensus on
whether debt capital and ownership concentration bettermitigate
or exacerbate the hazards of R&D investments (22).

We focused on the Chinese market, which is characterized by
a number of peculiarities compared to other countries. Since the
beginning of the COVID-19 pandemic, China’s pharmaceutical
industry has made significant progress in R&D for the fight
against the virus. As of 15 January 2021, out of 22 total
vaccine candidates in phase 3 (or combined phase 2/3) clinical
trials, six originated in China (23). The Chinese government
has been deeply involved with nurturing R&D capabilities
for pharmaceutical firms by creating an innovation-oriented
environment. However, compared to developed countries such as
the USA andKorea, China’s pharmaceutical industry is still facing
considerable challenges. First, China’s pharmaceuticals industry
is heavily fragmented. Fragmentation among pharmaceutical
producers not only exacerbates problems in drug safety and
quality concerns, but also makes assembling the capacity for
effective R&D difficult (24, 25). More than 70% of pharmaceutical
manufacturers are small–medium-sized firms with operating
revenues of less than $3 million USD in China (26); hence,
it is difficult for them to sufficiently support R&D with all
of the necessary financial resources to pursue high-quality
drug discovery. Second, principal–principal conflict, which is
prevalent in emerging economies such as China, might increase
the risk of R&D investments (27–29). As one of the largest
pharmaceutical markets in the world, China has received
increasing attention from around the world. In this context, it
is of great significance to understand the pharmaceutical R&D
activities and investments in China. In the context of China’s
pharmaceutical industry, this study aimed to provide plausible
answers to the following questions: (1)What is the lagged effect of
R&D investments on firm performance? (2) How do ownership
and debt structures affect the return of R&D investments?

This paper is intended to contribute to the existing literature
in several important ways. First, this study advances R&D
management research by investigating the lagged effect of R&D
investments on firm performance. In debates regarding the
relationship between R&D and firm performance, the literature
less considers the role of the lag structure of the returns to

R&D (8). The time taken, or “time lags,” between pharmaceutical
research and its translation into health improvements is receiving
growing attention, especially after the outbreak of COVID-19.
We found the positive effect of a 2-year lag in R&D investments
on firm performance. Second, this study integrated the R&D
management and financial governance literature by investigating
the role of debt capital and ownership concentration on the
R&D–performance relationship. Prior studies have focused on
factors such as firm size, advertising activity, industry context,
and country context (8), while less attention has been paid to the
perspective of financial governance.

Third, this study enriches the financial governance literature
by providing a finer-grained insight into how debt capital,
ownership concentration, and R&D investments jointly interact
to predict different outcomes. Such configurations provide
insight beyond that which can be identified by direct effect
relationships alone (30). The inconsistent findings on the
relationship between debt capital and ownership concentration
assume that they play either complementary or substitute roles
(31).We found a significant three-way interaction such that firms
that invest heavily in R&D achieve their highest performance
when the use of debt capital and the extent of ownership
concentration are both low.

Finally, this study extends research on how R&D investments
and financial governance influence firm performance in
developing countries. Compared to developed countries,
developing countries have weak financial market infrastructure
and legal systems in general (32, 33). The R&D management
employed in developed countries may not be appropriate for
firms in developing countries (34). However, studies on this
topic have mainly focused on the USA, where firms are owned
by widely dispersed shareholders (35) and the security markets
are well developed.

The remainder of this paper is structured as follows.
Section Literature Review and Hypotheses reviews the basic
concepts underlying our theoretical arguments and presents the
hypotheses developed for empirical testing. Section Data and
Methodology describes the data that we used in our empirical
analysis. Section Results presents the results of our analysis.
Section Discussion and Conclusions concludes by presenting the
implications of the study and directions for future research.

LITERATURE REVIEW AND HYPOTHESES

R&D Investments and Firm Performance
Researchers have confirmed that R&D plays an important role in
firm performance. The relationship between R&D investments
and firm performance has been extensively investigated across
disciplines, but the results are mixed and inconclusive (36,
37). Some studies have suggested that R&D investments can
increase firm performance because of the improvement in
exploitative and exploratory learning capacities, technological
advancement, productivity, and market competitiveness (36,
38–43). For example, Guo, Sarkar (36) found that corporate
R&D investments help firms to integrate existing knowledge
and streamline their production process, thereby improving
their performance. From the data of European high-tech firms,
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Kumbhakar, Ortega-Argilés (44) found that R&D investments
can improve productivity and production quality.

Some scholars have proposed a negative relationship between
R&D investments and firm performance because of the
associated sky-high costs, the high uncertainty of returns, and
the higher probability of failure (37, 45–49). For example, Alam,
Uddin (37) studied 423 firms from 12 emerging countries and
found that R&D investments are negatively associated with
concurrent firm performance due to their uncertain, risky,
and costly nature. Vithessonthi and Racela (48) suggested that
R&D intensity is negatively correlated with firm operating
performance. Pandit, Wasley (50) claimed that R&D investments
have a negative impact on firm performance and increase the
future volatility of a firm’s value.

In spite of the growing support of a relationship between
these two constructs, the findings are not uniform across studies.
Some researchers have suggested that one of the limitations
in these studies is the lack of consideration of a time lag.
The innovation process is of a cumulative nature (51), which
indicates lag effects of R&D investments. R&D is a long
horizon investment, requiring a long period to realize payoffs,
especially for pharmaceutical firms (52, 53). Previous studies have
shown that, on average, the time lag is 2 years for electrical
machinery and metal manufacturing, 5 years for pharmaceutical
manufacturing, and 3 years for the remaining industries (54).

R&D investments normally take a certain amount of time
to achieve an economic effect on the market value of a firm,
especially in the pharmaceutical industry, for several reasons.
First, a new drug must go through preclinical and clinical trials,
which is a long-term process that takes approximately 8.3 years
(55, 56). Second, unlike other consumer goods, a new drug
must receive approval from the Food and Drug Administration
(FDA) to ensure drug safety, efficacy, quality, and accessibility,
which is complex and takes time (57). Third, after the success
of research and development, a series of processes are needed
to truly transform the success of research and development into
actual economic benefits, such as applying for patents to protect
a firm’s R&D results from being stolen by competitors, which is
time consuming (58). Therefore, the immediate financial impact
of R&D investment might not be positive if the premium benefits
for those innovative products are not enough to offset the costs.

Although a few studies have noted that these effects experience
a lag in the pharmaceutical industry, most of them have
focused on the context of developed countries. For example,
Nord (59) found a positive and significant relationship between
R&D investments with a lag of 10 years and market value in
the pharmaceutical industry from data of the top 16 grossing
pharmaceutical companies in the USA. After conducting a study
on Korean pharmaceutical firms, Lee and Choi (13) concluded
that there is a significantly positive relationship between R&D
intensity of the previous 2 and 5 years and a firm’s value. Based
on a finite distributed lag model, Karpa and Nowakowski (60)
found that there is a 2-year lag between R&D investments and
firm performance in the European healthcare industry.

However, there are extremely significant differences between
the pharmaceutical industries of China and developed countries.
First, the drug approval and new drug registration times

in China are often prolonged due to China’s regulatory
standards, which are inconsistent with international practices,
lack sufficient manpower in terms of the Center for Drug
Evaluation (CDE), and involve excessive applications of generic
drug products (26). Second, the high fragmentation of the
industrial structure driven by local protectionism is a hallmark of
China’s pharmaceutical industry (25, 26). Dispersed innovation
resources and weak R&D infrastructure caused by this high
fragmentation contribute to low returns on R&D due to the
long process of new drug development (25). Third, the Chinese
government has implemented tax preferences and subsidies
to encourage independent innovations in the pharmaceutical
industry (25). Such subsidies and tax preference influence the
returns of R&D investment by reducing the costs and uncertainty
associated with innovation, integrating innovation resources,
dispersing enterprise R&D risks, and reducing the financing costs
(61–63). Therefore, whether there is a lagged effect between R&D
investments and firm performance in China’s pharmaceutical
firms is largely unexplored.

In summation, R&D investments are highly resource
consuming and may have a negative impact on a firm’s
performance. However, in the long run, firms’ R&D achievements
can bring them economic benefits and technological advantages,
bring long-term economic benefit growth, and finally bring
positive impacts on firm performance (48). Based on the above
analysis, we propose the following research hypotheses:

Hypothesis 1a: R&D investments are negatively related to

current firm performance.

Hypothesis 1b: One-year lagged R&D investments are

positively related to current firm performance.

Hypothesis 1c: Two-year lagged R&D investments are

positively related to current firm performance.

The Moderating Role of Debt Capital
Debt is a critical source of funds for most Chinese firms,
accounting for over 90% of all external fund financing (19, 64,
65). A recent debate exists on the benefits and costs of debt
on R&D investments (19, 34, 66, 67). R&D investments are
generally resource consuming (68). As such, scholars have argued
that a firm with a high level of R&D investment may need to
reduce other financial obligations so as to mitigate its risk of
financial distress (69). We argue that debt provides inappropriate
governance for R&D in China’s pharmaceutical firms for several
theoretical reasons.

First, pharmaceutical R&D investments inherently involve a
higher degree of information asymmetry, and therefore cause
a serious “lemon” problem (70). In particular, in emerging
economies such as China, creditors cannot always effectively
monitor debtors, because lending transactions may not be based
entirely on an arms-length basis, and the legal protection may
not be well defined or fully enforced (29, 71). Therefore, credit
institutions may charge higher interest premiums (72), thus
increasing R&D expenses.

Second, according to transaction cost economics (TCE), the
asset specificity of R&D investments may hinder firms’ access to
debt financing (20). New drug R&D projects involve intangible
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research capabilities, and such capabilities are firm-specific assets,
which have a lower resale value than do general assets (73, 74). As
investments in R&D involve firm-specific assets that serve as poor
collateral, lenders of debt are reluctant to fund such investments
(20, 75, 76) or require higher interest premiums.

Third, prior research has concluded that debt provides
inappropriate governance safeguards for R&D investments, and
empirical tests have shown that debt and R&D intensity are
negatively associated (76–78). Based on the above discussion, we
propose the following hypothesis:

Hypothesis 2: The negative relationship between R&D

investments and firm performance will be strengthened

when the debt capital is high.

The Moderating Role of Ownership
Concentration
Ownership “represents a source of power that can be used
to either support or oppose management depending on how
it is concentrated and used” (79). Concentrated ownership is
common around the world, especially in emerging economies
(80–82). The negative effect of R&D investments on firm
performance is amplified by the level of concentrated ownership
in China’s pharmaceutical industry for several theoretical reasons.

First, from the principal–principal (PP) perspective,
concentrated ownership, together with weak institutions,
has been identified as the “root cause” of PP conflicts, defined
as the goal incongruence among shareholder groups in
a firm, particularly between the controlling and minority
shareholders (27, 28, 83). PP conflicts are more likely in emerging
economies, such as China, which are generally characterized
by weak protection for minority shareholders (84, 85). Such
conflicts can potentially result in controlling shareholders’
expropriation, tunneling behaviors, and, thus, engaging in
non-value investments for personal benefits (27, 28, 83).

Second, from the perspective of corporate governance, more
concentrated ownership, such as that typical of some East Asian
countries, might be less prone to R&D investments because it
impedes firms from diversifying the risk of a project across a
large number of investors (86). Therefore, based on the above
discussion, we propose the following hypothesis:

Hypothesis 3: The negative relationship between R&D

investments and firm performance will be strengthened

when the ownership concentration is high.

The Joint Consideration of Debt Capital,
Ownership Concentration, and R&D
Investments
R&D investments are highly resource consuming; therefore,
reduced financial obligations are very important for firms that
invest heavily in R&D (69). As argued in Hypotheses 2 and 3,
firms with high levels of R&D investment can achieve higher
performance when they have either a dispersed ownership
structure or a low debt level. A recent debate exists on whether
ownership structure and debt can be considered substitutes from
the control of agency problems (87–89) or as complementary,

which implies both themonitoring and expropriation ofminority
shareholders (90–92). However, the organizational decision must
address both agency and monitoring problems.

We argue that in China’s pharmaceutical industry, R&D-
intensive firms with a lower debt level and a more dispersed
ownership structure exhibit the strongest growth. Building
on previous works, a high concentration of ownership will
come together with higher debt to exert a mutual control
over management’s activities (93–95), especially in countries
with a weak financial market infrastructure, as well as a weak
enforcement capacity of regulatory and legal institutions, such
as China (32, 96). In such circumstances, the rigidity of debt
contracts may largely impair the financial flexibility needed to
pursue a sustained project of R&D investments (97). Thus, based
on the above discussion, we propose the following hypothesis:

Hypothesis 4: There is a three-way interaction between

a firm’s R&D investments, debt capital, and ownership

concentration, which implies that the relationship between

R&D investments and firm performance is strongest when

both the debt capital and ownership concentration are low.

Data and Methodology
Sample Selection and Data Sources
We tested our hypotheses in the context of the pharmaceutical
industry in China from 2009 to 2018. We chose this industry
primarily because it is an innovation-driven industry with
a higher innovation investment ratio (98), which plays an
important role in China’s national economy. By using a dataset
on Chinese A-share companies in the pharmaceutical industry
listed on the Shanghai and Shenzhen stock exchanges, we adopted
a three-stage process to determine the final sample. First, we
excluded those firms listed with ST and ∗ST, which indicate their
abnormal financial condition and withdrawal risk, respectively
(99). Second, we excluded those firms that did not have complete
R&D investment records for at least 5 years to control for short
panel bias (100). Third, we excluded firms mainly engaged in
Chinese herbal medicine processing and sales, due to the cycle
and process of research and development for Chinese herbal
medicine differing from other medicine (101). The resulting
sample contained 56 listed firms in the pharmaceutical industry
from 2009 to 2018. After a listwise deletion of observations
with missing data, the effective sample for analysis contained
450 firm-year observations. The main data of this research were
obtained from the China Stock Market & Accounting Research
(CSMAR) database.

Measures
Definitions of the specific variables are shown in Table 1.

Dependent Variable
Following prior research (33, 37, 102), this study used the ROA
to measure firm performance. ROA (defined as the net income
divided by total assets) is commonly used to assess financial
results and is one of the most important indicators of firm
performance, which more comprehensively reflects a firm’s profit
ability and their input–output situation (103, 104).
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TABLE 1 | Variable descriptions.

Variables Descriptions Reference

Dependent variable

Return on Assets (ROA) Net income/total assets (33, 37, 102)

Independent variable

Research and Development investments (R&D) R&D expenditures/total assets (19, 41, 105, 106)

Moderating variables

Debt capital (DC) Total liabilities/total assets (107–109)

Ownership concentration (OC) The proportion of equity shares held by the largest three shareholders (110–112, 146)

Control variables

Firm size (SIZE) Total assets (115, 116)

Firm age (AGE) The number of years since a firm’s founding (117, 118)

State ownership (STATE) Dummy variable, state = 1, non-state = 0 (119, 120)

Fixed assets turnover (FAT) Operating income / Average net fixed assets (123, 124)

Market competition (MC) The squared sum market shares of all firms operating in an industry for a given year (125, 126)

Sales growth (GROWTH) The growth rate of firm sales revenue from year t-1 to year t (99, 127)

Independent Variable
Following prior studies (19, 41, 105, 106), we measured R&D
investments by the ratio of a firm’s annual R&D expenditures to
its total assets.

Moderating Variables
Based on prior studies (107–109), debt capital was measured by
the ratio of total debt to total assets. The ownership concentration
was measured by the proportion of equity shares held by the
largest three shareholders (110–112). We focused on the largest
three shareholders, i.e., the controlling shareholders, as opposed
to the largest five or 10 shareholders, because they are in a unique
position to expropriate from other shareholders in the Chinese
context (113, 114).

Control Variables
Consistent with prior research in this area and the effort
to exclude alternative explanations, this study included the
following control variables: Firm size, fixed asset turnover,
market competition, firm age, state ownership, and sales growth.
Given that larger firms may have more favorable access to capital
and more resources to generate high performance than smaller
firms (115, 116), we controlled for the firm size, as measured
by the natural logarithm of the total assets. We operationalized
firm age, which may account for a firm’s experience (117,
118), as the number of years since a firm was founded. State
ownership may influence firm performance through outsider
support (119, 120); therefore, we controlled for state ownership,
as measured by a dummy variable, taking the value of “1” if a
firm is a state-owned, and “0” otherwise. Firms with a higher
fixed asset turnover have higher production efficiency and better
performance (121, 122); therefore, this study controlled for fixed
asset turnover, as measured by dividing the operating income by
the average net fixed assets (123, 124). Given that the intensity of
market competition may affect the business strategy and market
resource allocation of firms (125, 126), we controlled for the
market competition, measured as the Herfindahl–Hirschman
Index (HHI), as constructed by adding the squared market shares
of all firms operating in an industry for a given year. Furthermore,

we included sales growth, which is measured by the growth rate
of a firm’s sales revenue from year t−1 to year t (99, 127).

Equations
A multivariate linear regression model was constructed to verify
the time lag effect of R&D investments on firm performance, as
per the following model (1).

ROAit = α0 + α1R&Dit + α2R&Di(t−1) + α3R&Di(t−2)

+α4R&Di(t−3) + α5SIZEit + α6FATit + α7STATEit

+α8MCit + α9AGEit + α10GROWTHit + εit (1)

In model (1), α0 is a constant term, the coefficients α1 and
α4 are the coefficients of R&D from the current year to the
3-year lag used to capture the lag effect of R&D investments
on firm performance, and εit is an ordinary error term. The
control variables include firm size (SIZE), fixed assets turnover
(FAT), market competition (MC), firm age (AGE), sales growth
(GROWTH), and state ownership (STATE).

On the basis of model (1), to evaluate the moderating role on
firm performance, we formulated the following model (2).

ROAit = β0 + β1R&Dit + β2DCit + β3OCit + β4(R&D
∗DC)it

+β5(R&D
∗OC)it ++β6(DC

∗OC)it + β7(R&D
∗DC∗OC)it

+β8Controlit + εit (2)

In model (2), β0 is a constant term, the coefficients β4 and
β5 are the coefficients of the interaction terms used to capture
the moderating role of debt capital (DC) and ownership
concentration (OC), the coefficient β7 is the coefficient of the
three-way interaction terms of R&D, DC, and OC, and εit is an
ordinary error term.

RESULTS

Tables 2, 3 report the means, standard deviations, correlations,
and variance inflation factors (VIFs) of all of the variables used in
the analyses. To address potential multicollinearity, we calculated
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the VIFs for all of the predictors in the model. All VIFs associated
with each predictor were within the range of 1.02–1.70, with
a mean of 1.27. These results are well within acceptable limits,
suggesting that multicollinearity is not a concern (128, 129).

We ran a Hausman test (130) to check whether random-
or fixed-effects models were more appropriate for this
panel set. The results of the Hausman test indicate that
the fixed effects model is more robust for the case of
the regression specifications with the current panel data
(p < 0.1). Tables 4, 5 report the results of the panel
regression analysis.

Table 4 presents the hierarchical regression results used
to examine Hypotheses 1a–c. Model 1 is the basic model,
including only the control variables, while models 2–5 add the
independent variable ranging from the current year to the 3-year
lag, respectively. Model 2 tests Hypothesis 1a, which proposed
that R&D investments will negatively affect firm performance.
Model 2 shows that the coefficient of R&D is negative and
statistically significant (b = −0.055; p < 0.01), supporting
Hypothesis 1a. Hypothesis 1b predicted that R&D investments
will have a 1-year lagged positive effect on performance. In
model 3, the coefficient for R&D in year t−1 is negative and
significant (b = −0.016; p < 0.01); therefore, Hypothesis 1b is

TABLE 2 | Descriptive statistics.

Variable Obs Mean Std. Dev. Min Max

ROA 450 0.057 0.046 −0.148 0.219

R&D 450 0.045 0.152 0 1.926

DC 450 0.751 0.763 0.016 7.575

OC 450 0.449 0.142 0.129 0.873

SIZE 450 15.535a 7.244a 5.865a 51.457a

AGE 450 16.602 4.867 2 27

STATE 450 0.253 0.435 0 1

FAT 450 2.832 2.332 0.298 24.313

MC 450 0.03 0.006 0.025 0.05

GROWTH 450 0.21 0.545 −0.425 9.85

a In units of thousand.

not supported. In model 4, the coefficient for R&D in year t−2
(b = 0.061; p < 0.01) is positive and significant, supporting
Hypothesis 1c.

TABLE 4 | Fixed-effects analyses of R&D investments on ROA.

Model 1a1 Modela2 Model 3a3 Model 4a4 Model 5a5

SIZEa 0.001 −0.002 0.005 0.013 0.005

(0.017) (0.018) (0.018) (0.019) (0.022)

STATE 0.004 0.007 0.004 0.002 0.005

(0.009) (0.009) (0.009) (0.008) (0.008)

FAT 0.004* 0.004* 0.004** 0.004 0.002

(0.002) (0.002) (0.002) (0.002) (0.002)

MC 0.057 0.035 0.114 −0.098 −0.169

(0.173) (0.172) (0.192) (0.290) (0.325)

AGEa −0.033 −0.024 −0.035* −0.069** −0.055*

(0.020) (0.021) (0.021) (0.026) (0.028)

GROWTH 0.010 0.010 0.009 0.008 0.007

(0.007) (0.007) (0.007) (0.007) (0.007)

R&D(t) −0.055***

(0.008)

R&D(t−1) −0.016***

(0.004)

R&D(t−2) 0.061***

(0.007)

R&D(t−3) 0.040***

(0.011)

Constant 0.123 0.133 0.087 0.118 0.163

(0.130) (0.131) (0.131) (0.140) (0.180)

Observations 450 450 422 367 313

R2 0.106 0.134 0.108 0.124 0.060

Adjusted R2 0.094 0.120 0.093 0.107 0.038

a Logarithmic form.
a1 Hausman-test: χ (7)2 =22.32, p = 0.0022.
a2 Hausman-test: χ (8)2 =22.19, p = 0.0046.
a3 Hausman-test: χ (8)2 =26.73, p = 0.0008.
a4 Hausman-test: χ (8)2 = 42.33, p = 0.0000.
a5 Hausman-test: χ (8)2 = 35.50, p = 0.0000.

Robust standard errors in parentheses.

***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 3 | Correlation matrix.

VIF 1 2 3 4 5 6 7 8 9 10

1 ROA 1

2 R&D 1.05 −0.176*** 1

3 OC 1.34 0.308*** −0.134*** 1

4 DC 1.36 −0.329*** −0.028 −0.125*** 1

5 SIZEa 1.70 −0.125*** 0.026 0.158*** 0.343*** 1

6 STATE 1.25 −0.055 −0.095** 0.155*** 0.328*** 0.274*** 1

7 FAT 1.39 0.490*** −0.090** 0.293*** −0.343*** −0.344*** −0.025 1

8 MC 1.02 0.041 −0.036 0.060 0.019 −0.104** 0.033 0.042 1

9 AGEa 1.27 −0.178*** −0.046 −0.155*** 0.187*** 0.393*** 0.018 −0.095** −0.136*** 1

10 GROWTH 1.02 0.152*** −0.036 0.052 0.004 0.052 −0.060 −0.029 0.011 -0.044 1

a Logarithmic form.

***p < 0.01, **p < 0.05, *p < 0.1.
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TABLE 5 | Moderating effect of debt capital and ownership concentration on ROA.

Model 1b1 Model 2b2 Model 3b3 Model 4b4 Model 5b5 Model 6b6 Model 7b7

SIZEa −0.004 −0.001 −0.006 −0.002 0.005 0.007 0.002

(0.016) (0.015) (0.015) (0.016) (0.017) (0.017) (0.018)

STATE 0.007 0.006 0.009 0.007 0.004 0.004 0.007

(0.008) (0.008) (0.008) (0.008) (0.008) (0.008) (0.008)

FAT 0.003 0.002 0.003 0.002 0.004** 0.004** 0.004*

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

MC 0.055 0.024 0.042 0.026 0.123 0.126 0.103

(0.176) (0.180) (0.179) (0.183) (0.195) (0.195) (0.195)

AGEa −0.021 −0.025 −0.017 −0.023 −0.032 −0.031 −0.022

(0.021) (0.020) (0.021) (0.022) (0.022) (0.022) (0.023)

GROWTH 0.010 0.010 0.010 0.009 0.010 0.009 0.011

(0.007) (0.007) (0.006) (0.006) (0.007) (0.006) (0.007)

R&D(t) −0.052*** −0.055*** −0.120*** −0.070*

(0.009) (0.009) (0.039) (0.038)

DC(t) −0.010* −0.017*** −0.009* −0.015**

(0.005) (0.005) (0.005) (0.007)

OC(t) 0.030 0.038 0.032 0.044

(0.040) (0.039) (0.040) (0.040)

R&D*
(t)DC(t) −0.231*** −0.060

(0.060) (0.100)

R&D*
(t)OC(t) −0.335* −0.085

(0.172) (0.161)

DC*
(t)OC(t) −0.001

(0.034)

R&D*
(t)DC

*
(t)OC(t) 1.236**

(0.517)

R&D(t−1) −0.015*** −0.018*** −0.122**

(0.004) (0.004) (0.056)

DC(t−1) −0.002 −0.012*** −0.002

(0.004) (0.004) (0.003)

OC(t−1) 0.021 0.034 0.021

(0.041) (0.041) (0.041)

R&D*
(t−1)DC(t−1) −0.297***

(0.073)

R&D*
(t−1)OC(t−1) −0.535**

(0.261)

Constant 0.147 0.121 0.145 0.129 0.079 0.060 0.081

(0.115) (0.113) (0.114) (0.113) (0.128) (0.124) (0.129)

Observations 450 450 450 450 422 422 422

R2 0.160 0.202 0.168 0.222 0.111 0.158 0.132

Adjusted R2 0.143 0.184 0.149 0.199 0.0913 0.138 0.111

a Logarithmic form.
b1 Hausman-test: χ (10)2 =20.67, p = 0.0235.
b2 Hausman-test: χ (11)2 = 19.54, p = 0.0520.
b3 Hausman-test: χ (11)2 = 21.82, p = 0.0528.
b4 Hausman-test: χ (14)2 = 23.23, p = 0.0567.
b5 Hausman-test: χ (10)2 = 25.00, p = 0.0053.
b6 Hausman-test: χ (11)2 = 21.02, p = 0.0331.
b7 Hausman-test: χ (11)2 = 26.19, p = 0.0061.

Robust standard errors in parentheses.

***p < 0.01, **p < 0.05, *p < 0.1.
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FIGURE 1 | Moderating role of debt capital on the relationship between R&D investments and firm performance.

FIGURE 2 | Moderating role of ownership concentration on the relationship between R&D investments and firm performance.

Table 5 presents the hierarchical regression results used to
examine Hypotheses 2–4. Model 1 is the basic model that
includes the independent, moderating, and control variables.
Models 2–4 incorporate interaction effects. Hypothesis 2
proposed that DCwill strengthen the impact of R&D investments
on performance. The significant and negative coefficient inmodel
2 (b=−0.231; p < 0.01) provides strong support for Hypothesis
2. As shown in the plot in Figure 1, the negative relationship
between R&D investments and firm performance is stronger
when debt capital is higher. Hypothesis 3 predicted a negative

moderating effect of OC on the R&D–performance relationship.
The interaction term in model 3 reveals that this effect is negative
and significant (b = −0.335; p < 0.1), supporting Hypothesis
3. As shown in the plot in Figure 2, R&D investments have a
stronger negative relationship with firm performance when the
level of concentrated ownership is high.

Finally, model 4 in Table 5 includes the hypothesized three-
way interaction term for R&D investments, debt capital, and
ownership structure. This three-way interaction is plotted in
Figure 3 following the procedure outlined by Cohen (131). The

Frontiers in Public Health | www.frontiersin.org 8 October 2021 | Volume 9 | Article 708832434

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Su et al. R&D Investments and Financial Governance

FIGURE 3 | Three-way interactive effects of R&D investments, debt capital and ownership concentration on firm performance.

TABLE 6 | Slop different test.

Pair of slopes t-value for slop different p-value for slop different

(1) and (2) 1.725 0.085

(1) and (3) 0.678 0.498

(1) and (4) −0.889 0.374

(2) and (3) −0.371 0.711

(2) and (4) −8.038 0.000

(3) and (4) −3.008 0.003

results of slope difference tests for the three-way interaction
are shown in Table 6. To identify and interpret a three-way
interactive effect, it is necessary to enter all of the two-way
interactions, along with the three-way interaction (132, 133). In
support of Hypothesis 4, the three-way interaction coefficient is
positively significant (model 4 in Table 5; β = 1.236, p < 0.05),
and the change in R2 indicates a significant improvement in
the model fit over models 2–4 in Table 5. We conducted slope
difference tests to determine whether the individual slopes were
statistically different from one another (134).

Robustness Test
We ran a number of tests to check the robustness of the results.
We first tested our models with a 1-year lagged independent
variable and the related moderating effects; the results remained
unchanged, as shown in models 6 and 7 in Table 5. Second, we
checked whether the results were sensitive to different measures
of firm performance. Following prior studies (99, 135, 136), we
used the return on equity (ROE) as an alternative variable of
firm performance. The results of models 2–4 in Table 7, in which
firm performance is measured as ROE, show that the coefficient

for current and 1-year lagged R&D investments is negative and
significant (models 2 and 3; p < 0.01), while the coefficient for 2-
year lagged R&D investments is positive and significant (model
4; p < 0.01). Accordingly, the findings support Hypotheses 1a–c.
For the moderating effect of debt capital, the results of model 2 in
Table 8 show that the interaction of R&D investments and debt
capital has a negative and significant effect on firm performance
(p < 0.05). Therefore, Hypothesis 2 is supported. Regarding the
moderating effect of the ownership concentration, the results of
model 3 in Table 8 show that the interaction of R&D investments
and the ownership concentration has a negative and significant
effect on firm performance (p < 0.1), supporting Hypothesis 3.
For the three-way interaction between a firm’s R&D investments,
debt capital, and ownership concentration, the results of model
4 in Table 8 show that the interaction of the three variables
is positive and significant (p < 0.01), supporting Hypothesis
4. The results in Tables 7, 8, in which new firm performance
is measured as ROE, are also similar to those reported in
Tables 4, 5. In summation, these results are consistent with our
main regressions.

DISCUSSION AND CONCLUSION

R&D investments play an important role in sustainable
competitive advantages for pharmaceutical firms, especially
after COVID-19; however, there is no general consensus in
the literature about the effect of R&D investments on firm
performance (8, 37, 137). Such mixed findings can contribute
to the lack of consideration of time lag effects, and the
existence of contingencies that moderate the main effect (8).
This study presented a conceptual model by examining the lag
effects of R&D activity on firm performance, and the role of
financial governance (debt capital and ownership concentration)
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TABLE 7 | Fixed-effects analyses of R&D investments on ROE.

Model 1c1 Model 2c2 Model 3c3 Model 4c4 Model 5c5

SIZEa 0.012 0.007 0.015 0.025 0.015

(0.027) (0.027) (0.028) (0.030) (0.036)

STATE 0.006 0.010 0.009 0.001 0.004

(0.015) (0.015) (0.015) (0.015) (0.014)

FAT 0.001 0.001 0.001 −0.001 −0.002

(0.002) (0.002) (0.002) (0.002) (0.002)

MC 0.066 0.032 0.202 −0.206 −0.243

(0.254) (0.255) (0.276) (0.429) (0.533)

AGEa −0.050* −0.036 −0.045 −0.115*** −0.101**

(0.030) (0.030) (0.030) (0.042) (0.047)

GROWTH 0.018 0.017 0.017 0.014 0.010

(0.012) (0.012) (0.012) (0.012) (0.011)

R&D(t) −0.080***

(0.012)

R&D(t−1) −0.039***

(0.006)

R&D(t−2) 0.089***

(0.013)

R&D(t−3) 0.069***

(0.017)

Constant 0.103 0.118 0.053 0.186 0.241

(0.204) (0.205) (0.211) (0.215) (0.279)

Observations 450 450 422 367 313

R2 0.047 0.066 0.050 0.089 0.049

Adjusted R2 0.0341 0.0511 0.0341 0.0714 0.0275

a Logarithmic form.
c1 Hausman-test: χ (7)2 = 19.19, p = 0.0076.
c2 Hausman-test: χ (8)2 = 19.94, p = 0.0106.
c3 Hausman-test: χ (8)2 = 25.45, p = 0.0013.
c4 Hausman-test: χ (8)2 = 45.96, p = 0.0000.
c5 Hausman-test: χ (8)2 = 37.49, p = 0.0000.

Robust standard errors in parentheses.

***p < 0.01, **p < 0.05, *p < 0.1.

in the R&D investments–firm performance relationship. In
particular, we employed a configurational model to investigate
the interaction of three constructs, namely, R&D investments,
debt capital, and ownership concentration, that jointly predict
different financial outcomes.

The present study makes several important contributions
to the existing literature. First, this study contributes to R&D
management research by examining the lag effects of R&D
investments. Even though the importance of R&D has been
reported in multiple studies, the empirical findings of the effects
of R&D investments on firm performance are inconsistent (8,
37, 137). We found that the effect of R&D on growth begins in
the second year after R&D spending and increases thereafter in
China’s pharmaceutical industry. The results indicate that returns
of R&D investments have a long-term characteristic (138, 139).

Second, this study advances the financial governance literature
by highlighting the role of debt capital and ownership
concentration on the relationship between R&D investments
and firm performance. There are two key issues in firms’ R&D

TABLE 8 | Moderating effect of debt capital and ownership concentration on ROE.

Model 1d1 Model 2 d2 Model 3 d3 Model 4 d4

SIZEa 0.002 0.008 0.001 0.004

(0.024) (0.024) (0.023) (0.024)

STATE 0.011 0.010 0.013 0.009

(0.016) (0.017) (0.016) (0.017)

FAT 0.000 −0.000 0.000 0.002

(0.002) (0.001) (0.002) (0.002)

MC 0.044 −0.001 0.028 0.109

(0.268) (0.277) (0.273) (0.274)

AGEa −0.029 −0.034 −0.023 −0.043

(0.031) (0.032) (0.031) (0.032)

GROWTH 0.018 0.017 0.018 0.016

(0.011) (0.012) (0.011) (0.010)

R&D(t) −0.078*** −0.081*** −0.170*** −0.087

(0.013) (0.013) (0.061) (0.058)

DC(t) −0.005 −0.016 −0.005 0.008

(0.008) (0.010) (0.008) (0.012)

OC(t) 0.046 0.058 0.049 0.058

(0.067) (0.066) (0.066) (0.069)

R&D*
(t)DC(t) −0.338** −0.064

(0.142) (0.141)

R&D*
(t)OC(t) −0.455* −0.038

(0.264) (0.240)

DC*
(t)OC(t) 0.170**

(0.068)

R&D*
(t)DC

*
(t)OC(t) 2.280***

(0.749)

R&D(t−1)

DC(t−1)

OC(t−1)

R&D*
(t−1)DC(t−1)

R&D*
(t−1)OC(t−1)

Constant 0.137 0.100 0.135 0.157

(0.185) (0.181) (0.183) (0.184)

Observations 450 450 450 450

R2 0.071 0.099 0.075 0.134

Adjusted R2 0.0517 0.0787 0.0544 0.108

a Logarithmic form.
d1 Hausman-test: χ (10)2 =29.34, p = 0.0011.
d2 Hausman-test: χ (11)2 = 17.59, p = 0.0915.
d3 Hausman-test: χ (11)2 = 17.88, p = 0.0845.
d4 Hausman-test: χ (14)2 = 25.50, p = 0.0300.

Robust standard errors in parentheses.

***p < 0.01, **p < 0.05, *p < 0.1.

investment decisions, namely, the financing of R&D and firms’
governance mechanism (19, 20). However, prior studies have
focused on factors such as firm size, advertising activity, industry
context, and country context (9–14), with less attention being
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paid to how financial governance in terms of debt and ownership
structure affects the returns of R&D. The results showed that
a firm’s debt and ownership structure can help to mitigate the
negative impacts of R&D investments on firm performance.

Third, compared to prior studies exclusively focused on either
debt or the equity financing mechanism (77, 78, 97, 140), this
study bridges the gap by identifying which level of debt capital
and ownership concentration are appropriate for the efficacy of
R&D investments. Debt and equity are regarded as two critical
sources of funding; however, there is a vigorous debate about
the choices between debt and equity financing (141). We found
a significant three-way interaction, such that firms that invest
heavily in R&D achieve their highest performance when their use
of debt capital and their extent of concentrated ownership are
both low, as shown in Figure 3.

Finally, this study extends research on how R&D investments
and financial governance in terms of debt capital and ownership
concentration influence firm performance in the context of an
emerging market economy. Scholars have argued that 49% of
empirical studies on the returns of R&D have been conducted
in the context of advanced market economies, such as the USA,
characterized as well-functioning financial systems and having
a diluted ownership (142). Compared to developed countries,
transitioning economies such as China have an imperfect capital
market, weak IPR and creditor protection, and high financial
constraints in general, which may impede firms’ R&D activities
and financing (143–145). Thus, this study contributes to the
literature by empirically demonstrating the role of financial
governance on the returns of R&D in developing countries.

In summation, the governance implications of debt and the
ownership concentration for R&D investments have enormous
practical significance for managerial decisions about how
best to invest in R&D. In this study, we only lagged the
R&D intensity up to 3 years (due to sample limitations).
This 3-year window may be too short, given that R&D
projects in the pharmaceutical industry may experience longer
effects (54). Thus, we encourage researchers with more
comprehensive data to explore the patterns of the effects of
R&D on different financial choices or in different industries
over time.
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