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Editorial on the Research Topic

Emerging research on social security and population health: new

opportunities and challenges

Academics have extensively explored the relationship between social security and

population health, considering various aspects such as the mechanisms and economic

implications of social security on health, as well as the influence of population health on

the sustainability of social security. Recent years have witnessed the emergence of new

economic and social dynamics, such as the rise of the digital economy, the economic

downturn caused by the COVID-19 pandemic, and the acceleration of population aging.

These factors have introduced both opportunities and challenges to the interplay between

social security and population health. For instance, advancements in digital medical

technology have enhanced the efficiency and health outcomes of medical insurance

operations, whereas the aging population poses health risks to the older adult and increases

their healthcare expenses by potentially reducing pension benefits. The complexity of these

environmental changes complicates the understanding of the relationship between social

security and population health, necessitating further research for analysis.

This Research Topic aims to gather original qualitative and/or quantitative

research articles that deepen our comprehension of the relationship between social

security and population health within the context of evolving social and economic

conditions. The call for articles specifically focuses on exploring the opportunities and

challenges presented by social security in influencing population health under new

environmental circumstances. Additionally, contributions examining the connection

between social security and population health from novel perspectives, including

the underlying mechanisms and economic implications of social security’s impact

on population health, are encouraged. In sum, any original and significant research

concerning social security and population health is of interest for this Research Topic.
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In this editorial, we provide a summary of the articles

published in the Research Topic “Emerging research on social

security and population health: new opportunities and challenges”

in the journal Frontiers in Public Health. Li and Chen identify

a relative poverty standard based on medical needs, examines

the impact of public health expenditures on medical expenses

across various household types, and assesses the influence of public

health spending on meeting the medical needs of households

in relative poverty. Their findings reveal a crowding-out effect

of public health expenditure on household medical spending,

particularly pronounced in relatively poor households. Bocean

and Vărzaru explore the association between social protection

and health outcomes in EU countries using structural equation

modeling (SEM) and cluster analysis. Their results demonstrate a

significant positive relationship between social protection spending

in EU countries and healthcare status. Increased social protection

expenditure is linked to enhanced access to healthcare services

and facilities.

Liu utilize a Bayesian panel vector autoregressive model to

investigate the impact of economic uncertainty on public health.

The analysis is based on an annual country-level panel dataset

comprising 103 emerging markets and developing countries,

covering the period from 1995 to 2019. Their results indicate that

while the immediate effects of increased economic uncertainty on

health appear to be minimal, it may lead to a longer life expectancy

and reduced mortality rates over time. In a study conducted by

Zhou et al., the relationship between the digital economy and

residents’ health is explored using data from the China Family

Panel Studies (CFPS) in 2020. Their findings suggest that the

digital economy has significantly enhanced the overall health status

of residents, particularly those residing in the eastern region.

The positive impact of the digital economy on residents’ health

primarily stems from its promotion of regional green development.

Song et al. utilize a multivariate ordered logistic regression

model to investigate the impact mechanism and effects of the new

rural social pension insurance (NRSPI) on the health of the older

adult population in rural China. Based on survey data from the

China Health and Retirement Longitudinal Study conducted in

2015 and 2018, their findings indicate that participation in the

NRSPI leads to a significant improvement in the health of the rural

older adult population. Moreover, the results of the heterogeneity

analysis demonstrate that the NRSPI has a notable impact on the

self-reported health of older adult individuals in rural areas, as well

as a positive effect on both the mental and physical health of older

adult women in rural regions.

Pu et al. explore the impact of the urban–rural resident basic

medical insurance (URRBMI) on physical health of the rural

older adult in China, utilizing data from the Chinese Longitudinal

Healthy Longevity Survey (CLHLS) data in 2018. Their study

reveals that URRBMI has a substantial positive impact on the

physical health of rural older adults, particularly those in the

eastern regions and those who are more advanced in age. In a

separate study, Li and Yuan analyze data from the China Health

and Retirement Longitudinal Study (CHARLS) spanning from 2011

to 2018, employing a staggered difference-in-differences model to

evaluate the effects of integrating urban-rural health insurance on

poverty vulnerability among rural residents. Their results indicate

a significant reduction of 6.32% in poverty vulnerability due to

the integration of urban-rural health insurance. Furthermore, the

analysis of heterogeneity demonstrates that the integration of

urban-rural medical insurance has a more pronounced impact on

vulnerable groups with poorer health conditions than on those

with better health, leading to a significant decrease in poverty

vulnerability among individuals with chronic diseases.

Fan and Hua investigate the spillover effects and influencing

mechanisms of the new rural insurance policy on human capital

investments in rural households using data from the China Family

Panel Studies (CFPS) in 2010, 2012, 2014, 2016, and 2018. The

findings indicate that participation in the NewCooperativeMedical

Scheme (NCMS) significantly boosts human capital investments

in rural households. Additionally, the spillover effects of the new

policy vary significantly based on the gender, insurance stage, and

family income of the insured individuals. The new rural insurance

policy influences human capital investments in rural households

through intergenerational interactions, impacting both thematerial

aspects such as economic support, housework, and child care, as

well as the non-material aspects like pension awareness.
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The heterogeneous relationship 
between public health 
expenditures and household 
medical expenditures: evidence 
from relative poverty households 
in China
Zhenyu Li 1, Xingzhang Yuan 1, Zhao Zhang 2 and Yuning Chu 3*
1 School of Economics, Qingdao University, Qingdao, China, 2 School of Economics and Finance, Xi’an 
Jiaotong University, Xi’an, China, 3 Department of Nutrition, The Affiliated Hospital of Qingdao 
University, Qingdao, China

Exploring the heterogeneous relationship between public health expenditures 
and household medical expenditures from the perspective of relative poverty has 
positive significance for improving the ability of relative poverty households to 
cope with the risk of large rigid expenditures and optimizing the public health 
resource allocation. This paper uses the China Family Panel Studies (CFPS) 
from 2016 to 2020 to identify relative poverty standard from the perspective of 
medical needs, analyzes the impact of public health expenditures on medical 
expenditures of different household types, and evaluates the effect of public 
health expenditures on ensuring the medical needs of relative poverty households. 
The panel threshold regression result shows that 19.36% of the provinces per 
capita disposable where the household is located is the identification standard 
of relative poverty households. Public health expenditures have a crowding-in 
effect on household medical expenditures and have a stronger impact on relative 
poverty households, an effect that is also confirmed by two-stage least squares 
regression. In addition, ensuring household medical needs through public 
health expenditures focuses on the level of basic medical needs, and the role of 
household healthcare expenditures that reflects high-level medical needs is not 
obvious. In the future, the government should establish a monitoring mechanism 
for relative poverty households, ensure the basic medical needs of relative poverty 
households, and clarify the heterogeneity among different types of households, 
provide targeted public health services.

KEYWORDS

public health expenditures, household medical expenditures, relative poverty, 
crowding-in effect, heterogeneity
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Introduction

In recent years, with the increasing awareness of health 
investment, household medical expenditures, as an important 
component of household consumption, have grown rapidly. Data 
shows that Chinese household medical expenditures have increased 
from 4968.11 yuan in 2014 to 6236.9 yuan in 2020.1 At the same 
time, the expenditure gap between households is also widening. Its 
growth is nearly three times compared with the absolute growth, 
which is particularly evident among households with different 
incomes and consumption needs. At present, the focus of poverty 
governance in China has shifted from “absolute poverty” to “relative 
poverty”.2 Unlike absolute poverty, relative poverty reflects “relative 
deprivation” (1). It manifests as unequal access to public services by 
households, as well as a low level of social security, such as 
healthcare, education, and pensions (2). Compared with ordinary 
households, relative poverty households have a heavier healthcare 
burden, and are more vulnerable to exogenous shocks and return 
to poverty (3). Therefore, how to meet the medical needs of relative 
poverty households and improve their ability to cope with rigid 
expenditure risks will be  an important guarantee for achieving 
relative poverty governance. Public health expenditures, as an 
effective means for the government to provide public medical 
services and meet the basic medical needs of the public, will also 
play a crucial role in relative poverty governance (4).

However, on the one hand, the identification standard of 
relative poverty households is not clear, and the relatively poverty 
group cannot be  identified from the perspective of household 
medical needs. On the other hand, although public health 
expenditure aims to ease the healthcare burden of households (5), 
the heterogeneity effect of public health expenditures on household 
medical expenditures of relative poverty and ordinary households 
has not been empirically tested. The above reasons make it difficult 
to evaluate the effectiveness of public health expenditures on 
meeting household medical needs at present.

On the basis of the above background, this paper takes Chinese 
households as a research sample and uses the China Family Panel 
Studies (CFPS) from 2016 to 2020 to address two issues: Firstly, to 
determine the relative poverty standard and identify relative poverty 
groups from the perspective of household medical needs. Secondly, to 
explore public health expenditures, their relationship with household 
medical expenditures and the heterogeneity among groups, and then 
evaluate their effect on ensuring the relative poverty household 
medical needs. The results of this paper will help to understand the 
current relative poverty situation and the effectiveness of public health 
expenditure in meeting the relative poverty household medical needs. 
It is of great significance for improving the construction of public 
health service systems and governing relative poverty.

1 The data comes from the CFPS database.

2 At the Fourth Plenary Session of the 19th Central Committee of the 

Communist Party of China held on October, 2019, China announced a strategic 

change: in the future targeting relative poverty rather than absolute poverty 

which has been targeted since mid-1980s.

Literature review

Relative poverty measurements and 
governance

There are obvious differences between relative poverty and absolute 
poverty in terms of connotation, measurement standards and governance 
methods. At present, researches on relative poverty are still insufficient, 
especially regarding the identification of poverty objects and the 
determination of measurement standards. The common international 
identification methods and measurement standards of relative poverty are 
still similar to absolute poverty, which reflects the characteristics of 
monetization dimension of income and is defined as a certain percentage 
number lower than the median income, i.e., the relative income standard 
(6, 7). Referring to this practice, some studies further propose calculating 
the relative poverty standard using the average income level of residents 
(8) or a certain proportion of the median income of urban and rural 
residents (9). Some researches have proposed that the coverage of social 
assistance can be used as a reference for determining the proportion of 
the relative poverty population (10). Similarly, Au (11) uses a cost-of-
living approach to measure relative poverty, where the poverty line is 
defined as the cost of essential goods and services. Although similar 
measures are easy to apply, they cannot reflect the unique demand (or 
expenditure) dimension of relative poverty compared with absolute 
poverty, leading to a serious underestimation of the depth of poverty. 
Recently, some scholars have called for the establishment of a relative 
poverty identification and measurement system that considers income 
type and demand type (12) and have proposed a plan based on demand 
(13). For example, He and Zhu (14) appeal for labor mobility as a measure 
to contain relative poverty. Zhang and Su (15) state that unfair allocation 
of social resources and the household registration system is partially 
responsible for the existence of relative poverty in China. However, no 
specific identification standards and quantitative measures have 
been established.

In recent years, scholars have analyzed the causes of relative poverty 
and countermeasures from an institutional perspective. Ravallion (16) 
concludes that the substantial difference in basic public services such as 
medical care and education constitutes national inequality, subsequently 
forming the problem of relative poverty that exists today. In the process 
of relative poverty governance, health human capital (17), educational 
human capital (18) and social capital (19) are replacing traditional capital, 
such as local economic development and infrastructure improvements, 
and have become the main factors in reducing poverty. Therefore, to 
safeguard publics’ right to subsistence and development, it is necessary to 
establish a demand-oriented security system and address expenditures 
such as household medical care, education, and housing that have 
important impacts on publics’ right to subsistence and development (20). 
The fair public policy system for the relative poverty further emphasizes 
the equalization of basic public services and maintenance of social 
equity (21).

The heterogeneous relationship between 
public health expenditures and household 
medical expenditures

As a type of financial expenditure, the role of public health 
expenditures on household consumption is controversial in theory, 
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and the relationship between public health expenditures and 
household medical expenditures has not yet been 
determined empirically.

Some studies support the idea of a “crowding-out effect” between 
the two types of spending. This perspective emphasizes the impact of 
public health expenditures on the supply side of medical services and 
suggests that government public health expenditures reflect public 
finance support for medical and healthcare and that an increase in 
government investment in public health can directly or indirectly 
reduce personal medical expenditures (22, 23). Additionally, greater 
government investment in basic medical and health services can 
improve public health facilities and improve the level of medical 
security, and the popularization of basic medical and health services 
can improve individuals’ ability to prevent diseases, reduce individual 
morbidity rates, and reduce individual medical expenses. Many 
scholars have found through empirical research that public health 
expenditures are an important factor affecting personal medical 
expenditures and verified that public health expenditures have a 
crowding-out effect on personal medical expenditures (24, 25).

Other studies support the idea of a “crowding-in effect” between 
the two types of spending. This perspective emphasizes the impact of 
public health expenditures on the demand side of medical services 
and suggests that an increase in public health expenditures improves 
the level of government medical security, which in turn increases the 
budget constraints of personal medical consumption, releases part of 
the personal consumption demand for medical services, and 
ultimately improves the level of personal medical spending. For 
example, Long et al. (26) conducted a study on the effectiveness of 
China’s 2000–2010 healthcare system reforms and found that public 
health expenditures had a significant “crowding-in” effect on personal 
medical expenditures and the effect was more pronounced in rural 
and underdeveloped areas. Similarly, Dieleman et  al. (27), by 
examining changes in public health spending and private health 
spending in the United  States, found that public health spending 
significantly contributed to private health spending. From the 
perspective of the economic effects of public health spending, some 
scholars have also found that public health spending stimulates 
medical consumption while stimulating personal nonmedical 
consumption (28).

Due to the different directions of public health spending on the 
supply and demand sides, the final impact on household medical 
spending will depend on the magnitude of the positive and negative 
effects. While, some studies have noted that there is also heterogeneity 
in the final impact influenced by certain features. For example, 
business cycle (29), public expenditure content (30), household 
welfare situation (31), etc. Especially, household income is an 
important feature. As income increase, the promoting effect of public 
health expenditure on household consumption expenditure may 
gradually weaken (32, 33).

Evaluation of existing research and 
contributions of this paper

The existing studies provide a useful reference and inspiration for 
this paper. From the research perspective, existing studies confirm that 
structural inequalities in household medical expenditures and “growth 
differentiation” exacerbate the cumulative health disadvantages of 

relative poverty households, leading to the continuous expansion of 
the human capital gap between groups, which reflect the basic logic of 
relative poverty caused by household medical needs. However, few 
studies take this mechanism into account when analyzing relative 
poverty. This paper identifies the relative poverty standard from the 
perspective of household medical needs, considering the possibility of 
relative poverty caused by differences in medical needs between 
households. From the research content, the existing research on the 
relationship between public health expenditures and household 
medical expenditures has not reached a consistent conclusion. When 
examining the relationship between the two, the impact of public 
health expenditure on the medical needs of different household types 
has been ignored. This paper further explores the heterogeneity in the 
effects of public health expenditures across different types of 
households, which is an important mechanism for the governance of 
relative poverty through public health expenditures. From the research 
methods, there are many qualitative studies and few quantitative 
studies on the governance of relative poverty, and most of them focus 
on the policy support of public service supply. This paper uses the 
panel threshold model, fixed effect model, two-stage least squares 
method (2SLS) model and other research methods to obtain 
quantitative results on related issues to improve the pertinence of 
relative poverty governance strategies.

Research design

Theoretical basis and research hypothesis

Figure 1 is the research roadmap for this paper, which mainly 
involves two issues: first, measuring relative poverty standards and 
identifying relative poverty households from the perspective of 
household medical needs; Second, to explore the heterogeneous 
relationship between public health expenditure and medical 
expenditure of different types of households, and to evaluate its 
effectiveness in ensuring the medical needs of relative 
poverty households.

For issue 1, human capital theory (34) proposes that human 
capital is the sum of the value of workers’ knowledge, health status, 
etc., and can improve by expanding investments in education, 
healthcare, etc. The household investment model proposed by Becker 
(35) provides a theoretical framework for studying household medical 
expenditure decisions. Under the household code of conduct in 
pursuit of utility maximization, household medical expenses are 
constrained by various factors, such as household background, 
household socioeconomic status, and medical service prices, which 
are the result of a series of external factors. Among the many factors, 
household income is the most prominent. Low-income households 
are more vulnerable to household medical expenditures due to risk 
aversion or borrowing constraints and are at higher risk of catastrophic 
medical expenditures. The uncertainty of household income and 
uncertainty of future returns of health investments have negative 
impacts on household medical expenditures, and this effect is more 
pronounced for low-income households (36).

Compared with absolute poverty, relative poverty involves not 
only household food expenditures but also household development 
expenditures (or household large rigid expenditures) such as 
healthcare, education, and housing. On the basis of the household 
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investment model, this paper argues that due to household 
consumption demand preferences and liquidity constraints, the 
large rigid expenditures of households on certain aspects in a 
certain period may far exceed household disposable income in the 
same period, thereby affecting other household investment 
decisions. When the per capita disposable income of a household 
is low, especially for relative poverty households, to meet the 
necessary expenditure needs, the household may maintain a large 
amount of rigid expenditures (such as household education 
expenditures), which may crowd out the household’s medical 
expenditures in the same period, indicating that the two are 
negatively correlated. At this time, households are highly 
vulnerable and at potential risk of not meeting developmental 
consumption needs, especially medical needs. When the per capita 
disposable income of a household reaches a certain level, with the 
increase in capital investment demand and residents’ active health 
awareness, the crowding out effect between the two types of 
expenditure may weaken or disappear, and a parallel growth 
relationship will appear.

Therefore, we propose H1: there is a certain income threshold 
value between household medical expenses and other rigid household 
expenditures. Above and below this income threshold value, the 
correlation between the two types of expenditures in the same period 
is completely different, and this threshold value can be used as an 
identification standard for relative poverty households from the 
perspective of household medical needs.

For issue 2, because household medical expenditures are the main 
component of large rigid household expenditures, these expenses are 
an important measure of household medical demand. Combined with 
theoretical analyses and existing research conclusions, public health 
expenditures on the supply side can improve the availability of medical 
and health resources, and the impact of these expenditures on 
household medical expenditures manifests as a crowding-out effect; 
in contrast, public health expenditures on the demand side can 
improve residents’ medical treatment and meet residents’ medical 
needs, and the impact on household medical expenses manifests as a 
crowding-in effect. In reality, since China launched its “new medical 
reform” policy in 2009,3 the total amount of financial investment in 
primary medical and health services has increased rapidly, the serious 
shortage of supply capacity in the primary medical and health service 
system has been reversed, and the impact of public health expenditures 
on the supply side has been alleviated. Overall, the impact of public 
health spending on household medical spending may manifest as a 
crowding-in effect.

3 The new medical reform has established the short-term goal of “effectively 

alleviating the ‘difficulty and cost of seeing a doctor’,” as well as the long-term 

goal of “establishing and improving the basic medical and health system that 

covers urban and rural residents, and providing safe, effective, convenient, and 

affordable medical and health services to the masses.”

FIGURE 1

The research roadmap.
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However, due to the vulnerability of relative poverty households 
in terms of living security, there is still a large gap between their 
expected medical needs and affordable medical needs, and the gap in 
medical consumption needs is larger for relative poverty households 
than for ordinary households. The government’s investment in basic 
medical services and medical security has improved accessibility to 
medical services, lowered the price of medicines, and to a certain 
extent lifted the budget constraints of low-income groups, greatly 
stimulating their willingness to consume. In contrast, ordinary 
households, especially the high-income households, have a strong 
ability to pay. On the premise that the needs of basic medical services 
are fully met, these households consume high-quality and high-level 
medical services. The basic medical services and medical security 
provided by the government finance may not be very attractive for 
their consumption.

Therefore, we propose H2: generally, there is a crowding-in effect 
between public health expenditures and household medical 
expenditures, but this effect is heterogeneous between ordinary 
households and relative poverty households, and the crowding-in 
effect on relative poverty households may be more obvious.

Methods and variable selection

To test H1, identifying possible income thresholds is a necessary 
part of determining the identification standard of relative poverty 
households. Hansen (37) believes that the threshold effect between 
economic factors can be analyzed using the threshold panel model. 
Therefore, based on the theory of human capital, this paper uses the 
panel threshold regression model to systematically analyze the 
changing relationship between the household medical expenditures 
and another important household large rigid expenditure, household 
education expenditures with different income levels in the same 
period, and then determine the identification standard and identify 
relative poverty households from the perspective of household 
medical needs.

The model can be expressed as:

 

ME EDU l EDU

l

it it it it

it i it

I
I X

= ⋅ ≤( ) + ⋅
>( ) + + +

β γ β
γ β µ ε

1 2

 (Model 1)

l(·) is an indicative function, and I is a threshold variable, which is 
determined by the ratio of the per capita disposable income of 
household i in year t to one-third of the per capita disposable income 
of the province where the household is located. The reasons for 
choosing this indicator are as follows. First, the selection of threshold 
variables should reflect the consumption demand and budget 
constraints faced by households, and reflect the different changing 
relationships between the explanatory variables and the explained 
variables above and below the threshold value; therefore, the threshold 
variable is constructed using the per capita income of households. 
Second, two dimensions of income and expenditure (or demand) 
included in the concept of relative poverty are considered in this 
indicator. It is reasonable to assume that households with lower 
income levels are more vulnerable to no meeting their medical needs 
than are higher income households. Additionally, to take into account 
the other rigid expenditure burdens of the household to maintain 

basic life, when the threshold variable is constructed, one-third of the 
per capita disposable income of each province is used as the standard 
to delineate the high-probability groups that are prone to falling into 
relative poverty,4 the regression samples were screened using this 
standard. On this basis, relative poverty households are identified 
from the perspective of medical needs. Finally, to enhance the 
relevance of the measurement standard, the use of relative indicator 
can provide different relative poverty identification standards in 
different provinces. γ is the threshold value to be measured in this 
paper. There are different correlations between EDUit and MEit in the 
two cases of Iit  ≤ γ and Iit  > γ. β1 and β2 represent the influence 
coefficients between household medical expenditures and education 
expenditures above and below the threshold γ, respectively. If there is 
a threshold γ* such that β1 < 0 and β2 > 0, then γ* is the identification 
standard of relative poverty households from the perspective of 
household medical needs.

The explained variable MEit used in this paper is the sum of the 
medical expenditures of household i in year t.5 The explanatory 
variable EDUit is the sum of the education expenditures of household 
i in year t. The reason for choosing household education expenditures 
is mainly because existing researches have merged four types of 
expenditures: education, medical, housing, and older adult care into 
large rigid household expenditures from the perspective of Chinese 
household expenditure (38). In these four types of expenditures, the 
two large rigid expenditures, i.e., household housing and older adult 
care, are more susceptible to the influence of macro policies and 
greater uncertainty. Additionally, the other two large rigid 
expenditures are difficult to measure and obtain data in existing 
databases. Both the explanatory variables and explained variables are 
in logarithmic form. Based on available data, referring to related 
studies on factors that influence household spending decisions (39), 
X is a series of control variables. Such as age, gender, health level, 
smoking, marital, medical insurance, household registration, 
household size. μi is the individual effect, εit is the disturbance term.

To test H2, the following fixed effects model is constructed as 
benchmark regression. Furthermore, the samples are grouped based 
on the relative poverty identification standard above. The 
heterogeneity of the impact of public health expenditures on different 
types of household medical expenditures is examined. The specific 
standard for sample grouping is determined using the threshold value 
γ* in Model 1.

The benchmark regression model is as follows:

 
ME PHEiyt iyt y iytX= + + +δ δ µ ε1  (Model 2)

4 The main reason for selecting 1/3 of the per capita disposable income as 

the basis for delimitation is that currently, the World Bank regards social 

members whose income is lower than 1/3 of the average social income as 

relative poverty people. In addition, in some provinces in China that have 

already defined a relative poverty line, such as Zhejiang, Fujian, the identification 

standard is also basically based on 1/3 of the per capita income of households.

5 This indicator mainly includes the self paid portion of household medical 

expenditures, excluding expenditures that have been reimbursed and are 

expected to be reimbursed, but includes the portion lent or paid by relatives 

and friends.
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The explained variable MEiyt is still the medical expenditures of 
household i in year t, and the core explanatory variable PHEiyt is the 
public health expenditure of province y where household i is located 
in year t, measured by “per capita government health expenditures.” 
Both explanatory variables and explained variables are in logarithmic 
form. δ1 represents the impact of public health expenditures on 
household medical expenditures. Control variables X includes all the 
control variables in Model 1 in addition to macro indicators such as 
regional GDP per capita and other indicators that can represent the 
local medical service level of province y. μy is the regional effect, εiyt is 
the disturbance term.

Furthermore, this paper introduces “the sum of healthcare 
expenditures of household i in the past 12 months” in Model 2 as a 
substitute variable for the explained variable MEiyt. In the database, 
household healthcare expenditures measure the consumption of 
fitness exercise and purchasing related products, equipment, 
healthcare products, etc. Compared with household medical 
expenditures, household healthcare expenditures can reflect a 
household’s medical and health needs at a higher level.

Finally, to eliminate possible endogeneity in the model, this paper 
uses the two-stage least squares method (2SLS) to estimate the 
relationship between public health expenditure and household 
medical expenditure. Due to the strong subjective purpose of some 
macro policies, they can also affect the current household medical 
expenditure while affecting the public health expenditure. With 
reference to similar researches (40, 41), this paper takes the “per capita 
government health expenditures of each province in the previous 
year” as the Instrumental variables estimation. There is reason to 
believe that the level of government health investment during a certain 
period is continuous, and there is a high correlation between per 
capita government health expenditure in adjacent periods. And 
because it is a predetermined variable that has already occurred in the 
previous period, and its value is fixed from the perspective of the 
current period, it can be considered unrelated to the disturbance term 
in the current period. Model 3 and Model 4 are the first and second 
stage estimation models of 2SLS, respectively, and focus on the sign 
and significance of θ1 in Model 4.

 PHE PYPHEiyt iyt y iytX= + + +η η µ ε1  (Model 3)

 ME PHEiyt iyt y iytX= + + +θ θ µ ε1  (Model 4)

Dataset

This paper takes Chinese households as the research sample. The 
micro data used is derived from panel data from the China Family 
Panel Studies (CFPS), which was released by the China Social Science 
Survey Center of Peking University in 2016, 2018, and 2020. The main 
reason for choosing this database is that it involves micro level data 
from individuals, households, and communities, providing rich 
information about public health conditions and residents’ 
consumption, and vividly depicting changes in health and social 
welfare. The macro data on public health expenditure and so on in 
various provinces are from the China Health Statistical Yearbook and 

China Statistical Yearbook of each year. During the analysis process, 
expenditure variables were deflated using 2016 as the benchmark, and 
values were assigned at the micro level based on the province where 
the household locates. For the processing of outliers, this article 
intercepts the data between the upper and lower 1% quantiles of the 
relevant variables for sampling.

Results

Descriptive statistics

Table 1 shows the results of the data descriptive analysis. From the 
perspective of household level, the per capita disposable income of 
Chinese households continued to grow from 2016 to 2020. As two 
important large rigid expenditures, household expenditures on 
medical and education accounted for 8.52% and 6.65% of total 
household disposable income in 2020. If only the income dimension 
relative poverty sample is considered, the total proportion of the two 
types of expenditures is close to 50%. The higher proportion of two 
expenditures also lays the foundation for this paper to determine the 
relative poverty standard. In addition, the consumption gap between 
households is continuing to widen. Due to the impact of household 
essential medical expenses and severe illness shocks, the standard 
deviation of household medical expenses is greater, and household 
education expenditures are more rigid. In addition, the noteworthy 
indicator is “medical insurance.” The average value in 2016 was 0.93, 
indicating that 93% of the samples have medical insurance, reflecting 
the significant increase in medical insurance coverage since the 
implementation of China’s “new medical reform” policy, which also 
provides protection for the release of household medical needs. From 
the perspective of macro data, per capita government health 
expenditure continued to increase from 2016 to 2020, but the 
investment gap between provinces continued to widen. The per capita 
government health expenditure has increased by about 493 yuan. 
Government investment is playing an increasingly important role in 
the entire health system. From the perspective of medical service level, 
the number of hospital personnel per 10,000 people and the number 
of beds in medical institutions per 10,000 people have also increased 
significantly, but the standard deviation between provinces has also 
expanded, and the horizontal fairness of public health services needs 
to be strengthened.

Relative poverty standard measurement 
from the perspective of household medical 
needs

Table 2 shows the regression results for the panel threshold model. 
The regression process is divided into two steps. The first step is the 
threshold effect test, that is, the number of thresholds is determined, 
and then, the model form is determined. The second step is a test of 
the estimated threshold value. In the first step, Model 1 is estimated 
under the settings of a single threshold and double threshold. The 
obtained F statistics are shown in Table 2. The results indicate that the 
F-statistic of the single-threshold test is 19.77 and that the single-
threshold effect is rejected at the 1% significance level. The F-statistic 
of the double-threshold test is 6.20 and not significant, i.e., no 
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threshold effect. Therefore, there is a single threshold in the model 
setting. Regarding the 95% confidence interval threshold, the 
estimated value of the single threshold is 0.5807, that is, the per capita 
disposable income of the household accounts for 58.07% of one-third 
of the per capita disposable income of the province where the 
household is located. In the second step of the threshold test, the 
threshold value is estimated. The regression results for each variable 
are shown in Table 2. Because a single threshold is accepted as the 
setting, the regression results in the second column of Table 2 are 
pertinent. The relationship between household education expenditures 
and medical expenditures is significantly different around the first 
threshold γ1. When the threshold variable value is less than γ1, there is 
a significant negative relationship between the two expenditures at the 
1% significance level. When the threshold variable value is more than 
γ1, there is a significant positive relationship between the two 
expenditures at the 1% significance level. The crowding out effect 
between the two disappears, and parallel growth characteristics 
appear instead.

To test whether the estimated threshold value γ1 is consistent with 
the true value, we drew a threshold effect test LR function diagram. 
The dashed line in Figure 2 represents a confidence value of 7.35 at the 
5% significance level, while the solid line represents the likelihood 
ratio statistic LR of the threshold variable. When LR is equal to 0, the 
threshold estimate value can be obtained. In Figure 2, it can be seen 
that the threshold value γ1 obtained in this paper exactly matches the 
corresponding value of the lowest point of the solid line. At the same 
time, the areas below the intersection of the solid and dashed lines fall 
within the 95% confidence interval of γ1, indicating that the estimated 
threshold value γ1 is consistent with the true value.

Therefore, we  propose that the threshold variable should 
be 0.5807. Because households below this standard cannot meet their 
medical needs or have rigid expenditure vulnerabilities from the 
perspective of medical needs, 58.07% of one-third of the province’s per 
capita disposable where the household is located should be considered 
as relative poverty standard under the perspective of household 
medical needs.6

Regarding the regression results for the other variables in 
column 2 of Table 2, we focus on two variables: the health level 
and medical insurance of householder. The poorer is the health 
level of the householder, the more household medical expenses. 
Due to the lower threshold of medical insurance reimbursement 
and the increase in the reimbursement ratio, participating in 
medical insurance will significantly increase household 
medical expenses.

The heterogeneous relationship between 
public health expenditures and household 
medical expenditures

Table 3 shows the regression results for Model 3. For the total sample 
(column 2 of Table 3), an increase in public health expenditures will 
increase household medical expenditures at the 10% significance level, 

6 The standard can also be expressed as 19.36% of the province’s per capita 

disposable where the household is located.

TABLE 1 Descriptive statistics.

Year Variables

2016 2018 2020

Mean (standard deviation) Mean (standard deviation) Mean (standard deviation)

Household medical expenses (yuan) 5350.19 (13438.54) 5828.46 (15170.11) 6236.90 (16887.40)

Household education expenditure (yuan) 4459.66 (6224.68) 5163.86 (7020.78) 5529.73 (7413.57)

Per capita disposable income of 

households (yuan)
22109.13 (31554.08) 25959.28 (35409.36) 27682.28 (38981.32)

Age 47.24 (14.02) 49.15 (14.08) 51.15 (14.08)

Gender (male = 1, female = 0) 0.51 (0.49) 0.52 (0.49) 0.52 (0.49)

Health level (from 0 to 5, the higher the 

value, the worse the health level)
3.04 (1.20) 3.08 (1.20) 3.04 (1.21)

Marital status (married = 1, unmarried = 0) 0.82 (0.35) 0.82 (0.36) 0.82 (0.35)

Household register (rural = 1, urban = 0) 0.73 (0.42) 0.72 (0.44) 0.72 (0.44)

Household size 3.69 (1.89) 3.55 (1.88) 3.71 (1.88)

Medical insurance (yes = 1, no = 0) 0.93 (0.25) 0.93 (0.24) 0.93 (0.26)

Smoking (yes = 1, no = 0) 0.28 (0.45) 0.29 (0.45) 0.28 (0.45)

Per capita public health expenditure (yuan) 972.42 (264.46) 1121.66 (317.49) 1465.18 (410.69)

Per capita GDP (yuan) 52259.73 (23782.56) 60544.65 (27505.64) 65365.45 (30028.97)

Number of hospital personnel per 10,000 

people
82.73 (12.85) 90.54 (13.42) 95.54 (14.51)

Number of beds in medical institutions per 

10,000 people
53.59 (6.91) 59.88 (8.09) 64.84 (8.74)
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and public health expenditures have a crowding-in effect on household 
medical expenditures. This result indicates that with the continuous 
increase in Chinese government medical expenditures since the “new 
medical reform” policy, the supply of medical resources has increased, and 
the availability of medical services has improved. Additionally, 
government subsidies, expanding medical insurance coverage and the 
reimbursement ratio have lowered the threshold for seeing a doctor and 
eased the medical needs of households to a certain extent. The past 
predicament of “do not dare to seek medical treatment” caused by a 
household’s economic capacity limitations has improved.

The samples are grouped into relative poverty households and 
ordinary households from the perspective of household medical 

needs. The regression results (columns 3–4 in Table 3) indicate that 
the crowding-in effect of public health expenditures on the medical 
expenditures of relative poverty households is significant at the 5% 
level; importantly, the impact on ordinary households is small and 
nonsignificant. We  use the Fisher combination test to perform a 
significance test on the differences in coefficients between two types 
of households. It can be seen that the empirical p-value obtained based 
on the core explanatory variable regression coefficient is 0.008, 
indicating that the heterogeneity of the relationship between public 
health expenditures and household medical expenditures is significant 
at the 1% significance level. This is consistent with H2. During the 
transition from low to high income, due to the large gap in the basic 
medical needs of relative poverty households, the consumption of 
medical services and drugs is largely constrained by income. The 
government’s investment in basic health services and health care 
coverage has eased the income constraints for relative poverty 
households to access health care and has a strong crowding-in effect. 
For ordinary households, especially high-income households, the 
basic medical needs have been met, and more emphasis is placed on 
the consumption of high-quality, high-level healthcare products and 
services. This cannot stimulate an increase in medical consumption, 
and the crowding-in effect is weak.

The regression results for other variables are not significantly 
different among the three samples. Taking the regression results for 
relative poverty households as an example, age, health level, marital 
status and medical insurance all significantly increase the level of 
household medical expenditures. The household medical 
expenditures of rural residents are significantly lower than that of 
urban residents. Participating in medical insurance significantly 
increases the medical expenditure level of relative poverty 
households; however, this variable is not significant for ordinary 
households. This, to some extent, illustrates the stronger impact of 
public health expenditures on the medical needs of relative poverty 
households. Among the macro variables, the number of hospital 
personnel and beds in medical institutions per 10,000 people has a 
significant positive effect in the full sample and ordinary households, 
the others are not significant. This finding indicates that at the 
household level, especially for relative poverty households, macro 
factors such as economic development and medical services have 
little impact on household medical expenditures and that the level 
of household medical expenditures is more limited by household 
income, health status and financial security.

The above perspective is supported by the regression results 
(columns 5–7 in Table 3) with “household healthcare expenditures” as 
the explained variable. The impact of public health expenditures on 
household healthcare expenditures is negative and not significant. 
This finding indicates that the increase in the supply of medical 
services cannot significantly effect household healthcare consumption. 
The protection of public health expenditures for household medical 
needs is more reflected in basic medical services, for the higher-level 
healthcare needs of households, the effect of financial expenditures is 
not obvious. High-level medical needs are more limited by the 
environment and economic development level where the household 
is located. The coefficient of household register and per capita GDP 
are significant.

Finally, from the regression results of the 2SLS model (columns 
2–4  in Table  4), the impact of per capita government health 
expenditures on household medical expenditures is slightly larger 
than that calculated using Model 3 but remains stable. There is a 

TABLE 2 Panel threshold regression results.

Single threshold Double threshold

Threshold value γ1 = 0.5807
γ1 = 0.5807

γ2 = 0.1321

F 19.77*** 6.20

Household medical 

expenses (Iit < γ1)
−0.0615*** (0.0223) −0.0709*** (0.0205)

Household medical 

expenses (γ1 ≤ Iit ≤ γ2)
0.0714*** (0.0218) 0.0065 (0.225)

Household medical 

expenses (Iit > γ2)
0.0711*** (0.0218)

Age −0.0956*** (0.0237) −0.0982*** (0.0237)

Gender 0.3719 (1.9528) 0.3830 (1.9522)

Health level 0.1330*** (0.0510) 0.1346*** (0.0510)

Marital status 0.7381** (0.3628) 0.7251** (0.3628)

Household register 0.0090 (0.0315) 0.0094 (0.0315)

Household size 0.0756 (0.0529) 0.0795 (0.0529)

Medical insurance 0.4801*** (0.1780) 0.4851*** (0.1780)

Smoking −0.1571 (0.2442) −0.1589 (0.2441)

Intercept term 10.3596*** (1.7323) 10.4903*** (1.7336)

N 3,189 3,189

Adjusted R2 0.2015 0.2026

(1) The brackets are heteroscedasticity robust standard errors. (2) *, ** and *** are 
statistically significant at the significance levels of 10%, 5% and 1%, respectively.

FIGURE 2

Threshold effect test LR function diagram.
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crowding-in effect of government health expenditure on household 
medical expenditures, and it is stronger for relative poverty 
households. The Fisher combination test indicates that this 
difference between two groups is statistically significant at the 10% 
significance level. The chi2 value of the C statistic of the endogeneity 
test and the F value of the Cragg–Donald Wald statistic of the weak 
instrumental variable test are both statistically significant at the 1% 
level, indicating that per capita government health expenditures are 
endogenous and that the instrumental variable used in this paper is 
not weak.

Conclusions and implications

Conclusion

On the basis of the characteristics of relative poverty caused by 
household medical needs, this paper uses the China Family Panel Studies 
(CFPS) from 2016 to 2020 to identify relative poverty standard, analyzes 
the impact of public health expenditures on medical expenditures of 
different household types, and evaluates the heterogeneous effect of public 
health expenditures on ensuring the medical needs of relative poverty 

TABLE 3 Fixed effects regression results.

Variables Model

“Household medical expenses” as the 
explanatory variable

“Household healthcare expenditure” as the 
explanatory variable

All Sample Relative poverty 
households 
(Iit ≤ 0.5807)

Ordinary 
households 
(Iit > 0.5807)

All Sample Relative poverty 
households 
(Iit ≤ 0.5807)

Ordinary 
households 
(Iit > 0.5807)

Per capita public 

health expenditure

0.1727*

(0.1016)

0.2,606**

(0.1448)

0.1686

(0.1054)

−0.2418

(0.2207)

−0.1139

(0.6842)

−0.2436

(0.2216)

Age
0.0329***

(0.0114)

0.0424***

(0.0010)

0.0358***

(0.0121)

0.0262

(0.0295)

−0.0074

(0.0672)

0.0323

(0.0296)

Gender
0.0114

(0.3493)

0.0215

(0.4775)

0.1792

(0.3648)

0.3263

(0.6360)

0.1737

(1.8931)

0.3456

(0.6317)

Health level
0.0942***

(0.0093)

0.1477***

(0.0368)

0.0919***

(0.0103)

0.0564**

(0.0281)

−0.0790**

(0.0387)

0.0493*

(0.0284)

Marital status
0.3186***

(0.0569)

0.3150***

(0.0619)

0.2898

(0.2521)

0.0844

(0.1409)

0.0016

(0.2648)

0.1057

(0.1408)

Household register
−0.0026

(0.0044)

−0.1134*

(0.0673)

−0.0013

(0.0045)

−0.2055***

(0.0106)

−0.1405

(0.0916)

−0.1978***

(0.0106)

Household size
0.1185***

(0.0089)

0.0542

(0.0475)

0.1348***

(0.0099)

0.0511*

(0.0286)

0.0056

(0.0491)

0.0333

(0.0290)

Medical insurance
0.0598*

(0.0353)

0.1959*

(0.1152)

0.0493

(0.0387)

0.1785*

(0.0965)

0.1504

(0.1372)

0.1693*

(0.0971)

Smoking
−0.1812***

(0.0434)

−0.4083**

(0.1696)

−0.1432***

(0.0479)

−0.2233*

(0.1222)

−0.0113

(0.1750)

−0.2584**

(0.1245)

Per capita GDP
0.0038

(0.0868)

0.3426

(0.4840)

−0.0212

(0.0916)

0.4507*

(0.2361)

0.3384

(0.4815)

0.5067**

(0.2357)

Number of hospital 

personnel per 

10,000 people

0.0066**

(0.0027)

0.0067

(0.0168)

0.0058**

(0.0029)

−0.0035

(0.0062)

−0.0033

(0.0179)

−0.0054

(0.0062)

Number of beds in 

medical institutions 

per 10,000 people

0.0088***

(0.0032)

0.0148

(0.0192)

0.0079**

(0.0034)

0.0064

(0.0077)

−0.0287

(0.0193)

0.0074

(0.0078)

Intercept term
3.5006***

(0.9064)

5.4826

(5.0021)

7.3455***

(0.9509)

1.6907

(2.301)

−3.1082

(5.0479)

1.0244

(2.2951)

Regional fixed effect Yes Yes Yes Yes Yes Yes

N 19,152 3,441 15,711 3,783 246 3,537

Adjusted R2 0.3501 0.2808 0.3402 0.2135 0.1773 0.20896

The empirical p-

value
0.008*** 0.226

(1) The brackets are heteroscedasticity robust standard errors. (2) *, ** and *** are statistically significant at the significance levels of 10%, 5% and 1%, respectively. (3) The empirical p-value is 
calculated using Fisher combination test (bootstrap 1,000 times).
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households. The panel threshold regression results show that 19.36% of 
the province’s per capita disposable income where the household is located 
is the identification standard of relative poverty households from the 
perspective of medical needs. Public health expenditures have a 
crowding-in effect on household medical expenditures and have a 
stronger impact on relative poverty households, an effect that is also 
confirmed by 2SLS regression. In addition, ensuring household medical 
needs through public health expenditures focuses on the level of basic 
medical needs, and the role of household healthcare expenditures that 
reflect high-level medical needs are not obvious.

Implications and policy-making

In the future, to further improve the ability of households to cope 
with the risk of large rigid expenditures, and improve the efficiency of 
public health investment allocation, this paper proposes the 
following suggestions.

Firstly, a monitoring mechanism for relative poverty households 
should be established from the perspective of medical needs. There is no 
unified identification standard or measurement method for relative 
poverty households currently. For the formulation of the identification 
standard in this paper, the large rigid expenditures for medical and 
education by households are included in the analysis. The indicator is 
multidimensional and can be adjusted according to the household income 
and expenditure level. In the future, with continuous improvements in 
medical security policies, we  can use the construction idea of this 
indicator to establish a dynamic monitoring mechanism for relative 
poverty households and include low-income and vulnerable groups with 
medical needs in the assistance and security system. This will improves 
the accuracy of the objective identification for relative poverty households.

Secondly, attention should be given to ensuring the basic medical 
needs of relative poverty households. According to Wagner’s Law, 
rigid expenditures can only continue to grow with social development. 
At present, relative poverty households have a higher vulnerability in 
maintaining large rigid household expenditures, and public health 
expenditures have a stronger crowding in effect on relative poverty 
households. This indicates that the basic medical needs of relative 
poverty households are still strong. Therefore, attention should 
be  given to ensuring the basic medical needs of relative poverty 
households. The government needs to further increase investment in 
medical insurance, continuously improve the level of medical security, 

and reduce the medical burden of relative poverty households through 
transfer payments, medical assistance, special subsidies, etc. Avoid the 
phenomenon of returning to absolute poverty due to illness.

Thirdly, efforts should be made to clarify the heterogeneity among 
different types of households, provide targeted public health services. 
The conclusion indicates that the medical needs of relative poverty 
households and ordinary households are significant heterogeneous. 
The release effect of public health expenditures on relative poverty 
households’ medical needs is stronger, while the guarantee effect on 
publics’ high-level medical needs is not significant. The government 
can encourage social forces to intervene, improve the competitiveness 
of the public health service market, enrich the supply types of public 
health services, and meet the differentiated healthcare needs of 
different income groups.
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TABLE 4 2SLS regression results.

Variables Model

All sample Relative poverty households 
(Iit ≤ 0.5807)

Ordinary households 
(Iit > 0.5807)

Per capita public health expenditure
0.2226*

(0.1333)

0.3087*

(0.1784)

0.1863

(0.1194)

Control variables Yes Yes Yes

N 19,152 3,441 15,711

Endogeneity test 26.38** 14.52*** 22.26***

Weak identification test 16.96*** 12.45*** 15.22***

The empirical p-value 0.086*

(1) The endogenous test reports the C statistic (Chi2 value), and the weak instrumental variable test reports the Cragg–Donald Wald statistic (F value). (2) *, ** and *** are statistically 
significant at the significance levels of 10%, 5% and 1%, respectively. (3) The empirical p-value is calculated using Fisher combination test (bootstrap 1,000 times).
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population health: insights from 
emerging markets and developing 
countries
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This study employs a Bayesian panel vector autoregressive model to examine 
the impact of economic uncertainty on public health, using an annual, country-
level panel dataset of 103 emerging markets and developing countries spanning 
the years 1995 through 2019. The results from the full sample suggest that the 
immediate effects of heightened economic uncertainty on health are marginal, 
yet it may engender prolonged life expectancy and lowered mortality rates. 
The analysis unveils considerable heterogeneities among various country 
classifications. The health-enhancing effects of economic uncertainty are 
predominantly discernible in emerging markets, low-income and upper-middle-
income countries. Additionally, a diminution in suicide rates, attributed to 
escalated economic uncertainty, is uniquely detected in upper-middle-income 
countries. Furthermore, economic growth and healthcare expenditure emerge 
as paramount determinants in bolstering overall population health, particularly in 
lower-middle-income countries. The detrimental effect of environmental pollution 
on health is more pronounced in emerging markets and middle-income nations. 
Excluding high-income countries, it is essential to emphasize the beneficial health 
outcomes resulting from financial development and globalization, as well as the 
deleterious effects of environmental pollution. Lastly, several policy implications 
aligned with the findings are outlined, providing a roadmap for decision-makers 
in these diverse economies to promote better health outcomes.

KEYWORDS

economic uncertainty, health, emerging markets, developing countries, Bayesian panel 
vector autoregressive model JEL I150, C59, E66

1. Introduction

As reported by the World Health Organization (1), significant strides in global human 
development, particularly in health status, were observed before 2020. The worldwide average 
life expectancy at birth, a well-recognized indicator of population health, rose from 52.58 years 
in 1960 to 72.74 years in 2019. Fascinatingly, emerging markets and developing countries 
experienced a remarkable life extension of approximately 25 years. These advancements in health 
primarily mirror the progress made in reducing child mortality rates and combating infectious 
diseases (2), subsequently sparking burgeoning interests in investigating the impact of economic 
activity on population health, particularly within emerging markets and developing countries.

Since late 2019, the world has been grappling with the COVID-19 pandemic for nearly 
3 years. This period has seen two striking phenomena: the pandemic has not only wheeled up 
economic uncertainty to unprecedented levels but also posed a profound threat to public health. 
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The World Uncertainty Index (WUI) and the Global Economic Policy 
Uncertainty Index (GEPU), two prominent measures of economic 
uncertainty developed by Ahir et  al. (3) and Baker et  al. (4), 
respectively, reached record highs in early 2020, coinciding with the 
global spread of the pandemic. Concurrently, COVID-19 became a 
leading cause of worldwide death and has remarkably shortened life 
expectancy in many countries (1). Increased anxiety, depression, and 
other harmful health behaviors have been monitored during the 
COVID-19 pandemic (5–7). Besides its direct epidemiological 
damage, the pandemic could indirectly impact population health 
through heightened economic uncertainty, which is known to sway 
economic activities.

While previous studies have substantiated the roles of the 
macroeconomy in population health, the effects of economic 
uncertainty-a principal source of economic disturbances (8)-on 
population health are not fully understood. Recent studies have 
attempted to probe the aftermath of economic uncertainty on mental 
health indicators, but a comprehensive understanding of its role in 
public health remains elusive. For instance, the evidence by 
Antonakakis and Gupta (9), Vandoros et al. (10), Abdou et al. (11), 
Abdou et al. (12), and Claveria (13) suggests that spikes in economic 
uncertainty may contribute to human mental disorders and suicides. 
Kalcheva et  al. (14) argue that economic uncertainty can lead to 
unhealthy lifestyle habits. Furthermore, Vandoros et al. (15) populate 
that excessive mental strain and poor lifestyle habits induced by 
heightened economic uncertainty may increase the occurrence 
of accidents.

However, the health outcomes of economic uncertainty are not 
unequivocal. On the one hand, increased economic uncertainty 
would diminish household income and exacerbate income 
unpredictability, significantly undermining public well-being and 
daily-life happiness (16). Anxiety, worry, and even depression 
stemming from economic uncertainty might drive individuals to 
adopt lousy lifestyle choices (14), further impairing their physical 
health. Additionally, under heightened economic uncertainty, 
households and governments might be motivated to cut healthcare 
spending, which could negatively impact public health. On the other 
hand, following spikes in economic uncertainty, investment and 
industrial production declines could potentially reduce the incidence 
of industrial accidents and pollutant emissions, yielding beneficial 
repercussions for public health. Crucially, whether and how 
economic uncertainty impacts public health is still unclear in the 
literature related to health topics. Against these backdrops, this paper 
aims to bridge this gap in the literature by exploring the general 
health outcomes of economic uncertainty through a cross-
country lens.

Notably, I emphasize emerging markets and developing countries 
(hereafter EMDCs). The reasons are threefold. First, compared to 
developed countries, these nations are more susceptible to internal 
and external shocks (17) because of imperfect economic and financial 
systems. Second, uncertainty shocks may trigger more substantial 
macroeconomic declines in EMDCs (18), resulting in more significant 
health deterioration consequentially due to inadequate medication 
and modern medical infrastructure in these countries (19). Third, 
given that the epicenter of the COVID-19 pandemic has been 
dramatically shifting to EMDCs (1), exploring the health impact of 
uncertainty shocks in these countries can help governments better 
understand the determinants of population health, particularly health 

dynamics under elevating economic uncertainty, and subsequently 
narrow the health gap among countries.

To my knowledge, this study presents the first comprehensive 
examination of the linkages between economic uncertainty and public 
health. Understanding the endogenous relationships between 
population health and the macroeconomy is essential as they are 
inextricably connected. Moreover, the macroeconomy predominantly 
functions as a dynamic system with interacting and interdependent 
economic variables. As such, addressing the features of endogeneity is 
critical when examining the connections between health and the 
macroeconomy. In this study, I  first disentangle the theoretical 
linkages between economic uncertainty and population health by 
discussing four channels through which economic uncertainty could 
affect population health. Given the theoretical analysis and recognizing 
the interconnectedness of population health and the macroeconomy, 
I then apply the Bayesian panel vector autoregressive (BPVAR) model 
proposed by Beetsma et al. (20) to a well-assembled annual panel 
dataset of 103 EMDCs from 1995 to 2019 to implement the 
empirical investigation.

The empirical findings from the whole sample show that, in 
EMDCs, the effects of heightened economic uncertainty on public 
health are relatively marginal and less perceptible in the short term. A 
transient beneficial impact on health, evident in prolonging life 
expectancy and reducing aggregate mortality rates, emerges from 
rising economic uncertainty. However, surges in economic uncertainty 
may considerably curtail life expectancy and raise mortality rates, 
while paradoxically lowering suicide rates in the long term. This 
finding remains robust across different model specifications, including 
VAR lag length and model dimensionality. Economic growth and 
healthcare expenditure emerge as salient factors augmenting overall 
population health in EMDCs, with additional verification of the 
health-promoting influences of financial development and 
globalization. The detrimental health effects induced by environmental 
pollution are also accentuated.

Further, the subsample analysis uncovers significant 
heterogeneities among distinct categorizations of the sample countries, 
providing additional empirical evidence on uncertainty-health 
relations. Concentrating on life expectancy, aggregate mortality, and 
child mortality, the results disclose that the health-enhancing effects 
of economic uncertainty are more conspicuous in emerging markets, 
low-income and upper-middle-income countries. Notably, surges in 
economic uncertainty may precipitate elevated child mortality rates in 
high-income and lower-middle-income countries. The positive 
impacts of healthcare expenditure on health are reaffirmed, with more 
noticeable health gains from healthcare expenditure in developing, 
low-income, and lower-middle-income countries. The beneficial 
health outcomes associated with economic growth are more emphatic 
in lower-middle-income countries but are fleeting and negligible in 
low-income countries.

Conversely, high-income countries may experience health 
deterioration alongside economic growth. The pernicious effects of 
environmental pollution on health are solely discernible in emerging 
markets, lower-middle-income, and upper-middle-income countries. 
Financial development has no apparent impact on health in 
developing and high-income countries, while the significant 
salubrious effects of globalization are observed in all nation 
classifications except high-income countries. A substantial decline in 
suicide rates following rising economic uncertainty shocks is 
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exclusively evident in upper-middle-income countries. Increased 
economic growth and healthcare expenditure are succeeded by 
escalating suicide rates in emerging markets, developing countries, 
and all income countries, except low-income countries.

The remainder of this paper is organized as follows. Section 2 
offers a review of recent studies relevant to this research. Section 3 
discusses the theoretical channels through which economic 
uncertainty could impact population health and outlines the empirical 
methodology utilized in this study. Section 4 presents the empirical 
analysis, including the results of baseline models, the subsequent 
robustness checks, and heterogeneity analysis. The final section 
concludes the whole paper, underscores the policy implications, and 
discusses the limitations of this study and directions for 
future research.

2. Literature review

The influence of economic uncertainty, a complex variable to 
quantify, on population health, has only recently been scrutinized in 
a handful of studies. Individuals dwelling in environments rife with 
high levels of uncertainty may experience a range of psychological 
distress, such as anxiety, worry, and even mental disorders, particularly 
if they exhibit high intolerance towards uncertainty (21). Considering 
this analysis, several efforts have been dedicated to evaluating the 
mental repercussions of shocks in economic uncertainty. Yagil and 
Cohen (22) further demonstrate that financial uncertainty can trigger 
anxiety during the COVID-19 pandemic, based on survey data 
gathered from Israeli citizens.

Given that mental disorders are a primary trigger for suicide, 
several studies have explored the impact of EPU on suicide 
mortality. Antonakakis and Gupta (9), Abdou et al. (11), Abdou 
et al. (12) examine US subpopulations in terms of age and gender, 
while Vandoros et  al. (10) provide insights for England and 
Wales. Claveria (13) extends this analysis to 183 economies. 
Antonakakis and Gupta (9) conclude that rises in economic 
policy uncertainty (EPU) cause higher suicide mortality among 
the youngest and oldest males, while US females seem to show a 
minimal response to such shocks. Moreover, Abdou et al. (11) 
find a significant impact of financial uncertainty on U.S. suicide 
rates among the youngest males and middle-aged females. 
Subsequently study by Abdou et  al. (12) observes significant 
asymmetric effects of EPU on U.S. suicide rates in middle-aged 
males and older females, with only extreme unexpected surges in 
EPU triggering suicide crises within these demographics. The 
gender-dependent aspect of these findings is echoed by Vandoros 
et  al. (10), who find that increases in EPU result in a rise in 
suicide rates within 2 days. However, the results presented in 
Claveria (13) are mixed and inconsistent.

Another strand of the literature investigates the outcomes of 
economic uncertainty shocks on physical health. Hikes in economic 
uncertainty may impose psychological pressures on individuals, 
promoting them to adopt unhealthy lifestyle behaviors. Kalcheva et al. 
(14) report a positive correlation between EPU and the tendency 
towards unhealthy lifestyle habits, such as increased alcohol 
consumption and smoking. Additionally, excessive mental stress and 
unhealthy lifestyle habits may lead to a higher incidence of accidents. 

Vandoros et al. (15), utilizing daily data from the UK, identify sudden 
jumps in motor vehicle collisions following spikes in UK EPU.

In summary, prior research has made significant strides in 
examining the relationship between economic uncertainty and 
population health outcomes, such as mental health, suicide mortality, 
and unhealthy behaviors. Preliminary evidence suggests economic 
uncertainty may harm mental health and increase risky behaviors. 
However, exploring how economic uncertainty might impact public 
health needs to be more thorough and merits further investigation. 
Moreover, most previous studies have focused on a single economy, 
leaving global evidence needing more attention, particularly in 
emerging markets and developing countries. To bridge these gaps, this 
paper aims to concentrate on emerging markets and developing 
countries, evaluating the impact of economic uncertainty on general 
public health.

3. Theoretical background and 
empirical methodology

3.1. Theoretical background

The impact of economic uncertainty on population health is 
manifold, operating through both direct and indirect channels. 
The direct channel primarily implicates mental health, often 
called the psychological channel. Concurrently, three indirect 
channels are mediated through the effects of economic uncertainty 
on health-related economic indicators, specifically economic 
growth, healthcare expenditure, and environmental pollution 
(quality).

3.1.1. Psychological channel
Economic uncertainty can provoke widespread public 

apprehension regarding economic stability, potentially inciting anxiety 
about dwindling income, the threat of unemployment, and even the 
emergence of mental disorders or suicidal tendencies (10–12). While 
mental health deterioration is a grave concern, it is merely one facet 
of population health and does not inevitably portend a decline in 
overall health conditions.

3.1.2. Economic growth channel
Economic output and population health share a reciprocal 

relationship (23, 24). Economic growth boosts per capita income, 
enhances national purchasing power for goods and services, and 
improves living standards. Furthermore, economic advancements 
engender superior and high-quality healthcare and medical 
services, culminating in improved population health. Although the 
health-growth literature is not entirely conclusive, the 
preponderance of studies substantiates the positive ramifications 
of economic development on health, see O’Donoghue et al. (25), 
Subramanian et al. (26), Tapia Granados and Ionides (27), Renton 
et al. (28), Morgado (29), Cole (30), amongst others. Recent studies 
by Wang (31), Breuer (32), and Wang et  al. (33) assert a 
synchronization of mortality with unemployment across various 
countries. Therefore, while economic growth is vital for health, 
contractions in economic growth driven by heightened economic 
uncertainty could bring adverse health consequences.
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3.1.3. Healthcare expenditure channel
Within the realm of health economics, health is conceptualized 

as an output of healthcare services, with consumers deriving utility 
from both consumption and health outcomes (34). Greater 
healthcare expenditure generally promotes health (35). However, 
healthcare expenditure often hinges on economic growth (36). 
Governments may curtail public healthcare expenditure in response 
to declined economic output following a surge in economic 
uncertainty (37, 38). Also, according to the absolute income 
hypothesis (39), households tend to reduce consumption in the face 
of declining income. Existing literature reveals that economic 
uncertainty can trigger precautionary incentives among families. As 
healthcare expenditure constitutes a significant segment of 
household consumption, potential income reductions due to 
escalating economic uncertainty could compel households to cut 
private healthcare expenditure, thereby hampering better 
health outcomes.

3.1.4. Environmental pollution (quality) channel
Environmental pollution and degradation are associated with 

economic growth, especially in developing countries (40–42). 
Pollution can exert a direct, deleterious effect on human health (43–
45). Hence, environmental improvements and concomitant health 
benefits might be expected during economic downturns. From this 
perspective, a surge in economic uncertainty may reduce investment 
activities and pollution, potentially facilitating public health 
enhancements. However, exacerbated economic uncertainty could 
also incentivize governments to ease environmental regulations to 
counter potential economic recessions, encouraging firms to augment 
pollutant emissions (46), which could detrimentally affect 
public health.

3.2. Empirical methodology

In this study, I utilize a panel vector autoregressive model 
(hereafter referred to as panel VAR) to implement empirical 
investigation. To preserve model parsimony, the panel VAR 
model comprises five endogenous variables: population health 
indicator(s), economic uncertainty, economic growth, healthcare 
expenditure, and environmental pollution. Notably, given that 
the characteristics of the sample data-short T and large N-I 
abstain from incorporating cross-sectional interactions and 
parameter variations across both time and units. Adopting such 
a complex model would make the estimation overly complicated. 
Instead, I employ the more restrictive Bayesian panel VAR model 
proposed by Beetsma et al. (20). Still, I continue to assess the 
heterogeneous effects across countries by dividing the samples 
according to country characteristics.

Compactly, the annual panel VAR with fixed effects can 
be expressed in a concise vector form as follows:

 
Y t A Y uit i i j

P
j it j it� � � �� �� � , ,�

1  (1)

where i denotes the country and t represents the year, Yit  is a vector 
of endogenous variables of interest, αi  measures country-fixed effects, 
βit  is the term reflecting country-specific linear trend effect, and uit  is 

a vector of residuals assumed to follow a normal distribution with zero-
mean and constant variance Ω. The lag length chosen for the VAR 
process is denoted by P, and Aj  is the matrix of coefficients of the j-th 
lag of the endogenous variables.

As highlighted by previous studies, economic conditions and 
population health may have simultaneous relationships, which 
warrant consideration in the empirical framework. To this end, 
I  introduce a lower triangular matrix A0  to capture the 
contemporaneous impact and identify the structural shocks by 
implementing a Cholesky decomposition of the residual covariance 
matrix Ω , i.e.,

 � � �A A0 0.  (2)

In the baseline model, variables in Yit  are ordered as follows,
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The economic uncertainty indicator is ordered first since it can 
be  predominantly regarded as a variable with low degrees of 
endogeneity to economic activity (47). In the baseline model, 
population health is placed last, reflecting the immediate impact of 
economic conditions on health, with the inverse less likely. Following 
Beetsma et al. (20), I estimate the models using a Markov chain Monte 
Carlo (MCMC) Gibbs sampling algorithm.

Consider a dataset that spans over T years and across N 
countries. The designed MCMC Gibbs algorithm operates as 
follows1:

The model parameters to be estimated are stacked in a vector B, 
where B vec Ai i j� �� ��� �� �, , , and the regressors in Eq. (1) are defined 
as X. Hence, given the prior distribution, the posterior distribution is 
inferred sequentially from two conditional posterior distributions, 
G B |�� �  and G B� |� � .

G B |�� �  rests on a normal density N B X X� �� � �
� � ��

�
�

�

�
�,�

1

, 

where B X X X Y� �� � � �� �� � � � �1
. Here, X

X
XD

� �
�

�
�

�

�
�  and 

Y
Y
YD

� �
�

�
�

�

�
�  represent the stacked vector of actual data with 

dummy observations. G B� |� �  adheres to an inverse Wishart 

distribution IW S NT T KD
� � �� �,  , where 

S Y XB Y XB� �� �� � �� � . TD  is the size of dummy observations 
and K  stands for the number of regressors in each equation in the 
VAR system. The algorithm continues to iterate until the 
draws converge.

1 Here, I briefly discuss the principles and routines of the algorithm; for further 

implementation and theories about the algorithm, the reader is referred to 

Bayesian econometrics textbooks.
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For setting the prior, two TD  dummy observations are defined as 
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γ  symbolizes the mean of the prior, σ i  is scaling factor set by initial 
AR(1) regressions, τ  signifies the tightness of the prior of the 
autoregressive coefficients, and c controls the prior for the exogenous 
regressors in the equation (the number of which is denoted as ex). The 
prior on the VAR coefficients and error covariance is implemented 
through YD1 and XD1, while YD2 and XD2 are used for the prior on the 
sum of coefficients on the lagged endogenous variables. Following 
Beetsma et  al. (20), in the following empirical study, the hyper-
parameters are set to reflect a loose prior belief with � �1, c = 0 001. , 
� �10, respectively.

4. Data and results

4.1. Data

This study draws upon an annual, country-level dataset 
encompassing 103 emerging markets and developing countries from 
1995 to 2019. The dataset selection is primarily dictated by data 
availability,2 with the specifics of the countries in the sample and their 
corresponding characteristics provided in Table A1 in Appendix A.

In evaluating economic uncertainty, I use an innovative metric 
known as the World Uncertainty Index (WUI), introduced by Ahir 
et al. (3). Employing text-mining methodologies, the WUI effectively 
monitors uncertainties stemming from economic and political events 
across 143 countries. The WUI uniquely extracts information from a 
single, consistent source-the economist intelligence unit country 
reports-thereby facilitating cross-country comparisons of uncertainty 
levels and their subsequent effects. Consequently, aligning with the 
studies of Gozgor et al. (48), Afzali et al. (49), and Fang et al. (50), 
I  adopt the WUI as the measure of economic uncertainty. The 

2 The outbreak of the COVID-19 pandemic in 2020 propelled world economic 

uncertainty to unprecedented levels and imposed tremendous threats to public 

health. Including data from 2020 onward in the analysis may introduce a bias 

that health and economic uncertainty are highly correlated. Therefore, 

considering this backdrop and data availability, I limit the sample to 2019.

quarterly index retrieved from worlduncertiantyindex.com is converted 
into an annual average for each sample country.

To encapsulate the state of public health, I use four commonly 
adopted indicators in the literature as proxies for population health: 
life expectancy at birth, the crude death rates per 1,000 people,3 child 
mortality rates under five per 1,000 live births, and suicide mortality 
rates per 100,000 people.

In the preceding theoretical analysis, the ways in which economic 
uncertainty impacts public health are divided into direct and indirect 
channels. The indirect channels-economic growth, healthcare 
expenditure, and environmental pollution-are relatively 
straightforward to quantify. However, the direct channel, which 
pertains to psychological disorders with typical symptoms of 
depression, psychopathy, and aggressiveness, is more challenging to 
measure due to the lack of available data at the country level for the 
sample countries. While it is not always the case that suicides are the 
result of psychological disorders (51, 52), a significant proportion of 
suicides are indeed closely linked to such conditions (53). Therefore, 
I use suicide mortality rates as a rough indicator of the nationwide 
prevalence of psychological disorders to examine the direct effects of 
economic uncertainty on health.

Consistent with previous studies, economic growth is represented 
by GDP per capita in 2017 international dollars, while healthcare 
expenditure is gauged by healthcare expenditure per capita in 2017 
international dollars. Following Neves et al. (54), Munir (55), and 
Ongan et  al. (56), environmental pollution is measured by CO2 
emissions in metric tons per capita. Health indicators, healthcare 
expenditure, and carbon emissions were sourced from the World 
Bank database, with GDP data from the IMF WEO database. Barring 
the economic uncertainty proxy, all variables are taken as logarithms.4

4.2. Results of baseline models

4.2.1. Model estimation and convergence 
diagnosis

To optimize computational efficiency and maintain a 
parsimonious model specification, only one health indicator is 
included in each model. This strategy results in five panel VAR models, 
each employing different health proxies.5 Following the common 
practice for annual panel data and guided by the results explicated in 
Table A2 in Appendix A,6 I set the VAR lag length to 1 in the baseline 

3 In the following analysis, I will refer to mortality or aggregate mortality.

4 The WUI occasionally contains zeros, indicating that the absence of 

uncertainty-related words in the report. Taking the logarithm in such cases 

can lead to errors. If I apply logarithmic transformation to the WUI while 

retaining the zeros, it may significantly diminish the fluctuations of the WUI, 

potentially producing biased results.

5 One mild caveat is that this strategy overlooks potential intercorrelations 

among health indicators. However, specifying a model that accommodates 

all possible intercorrelations presents a conundrum. Incorporating all health 

indicators into a single model could increase dimensionality and, consequently, 

the computational complexity, even though it might improve model fitness.

6 In Bayesian econometrics, model performance evaluation often hinges on 

the deviance information criterion (DIC). Nevertheless, drawing inferences 

from this statistic is a formidable challenge given the large country-level units. 
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models. The models are estimated by an MCMC sampling procedure 
with 55,000 replications, of which the initial 45,000 replications are 
used for burn-in, retaining 10,000 effective draws.7

To confirm the convergence of the posterior draws, inefficiency 
factors for VAR coefficients and covariance are computed. In the 
model incorporating life expectancy,8 the inefficiency factors for the 
VAR coefficients and covariance fall within relatively low ranges of 
(0.7298, 1.3304) and (1.08, 1.389), respectively. These results signify 
the excellent performance of the MCMC draws, rendering them 
suitable for further inference.

4.2.2. Responses of the macroeconomy to 
economic uncertainty shocks

I subsequently direct the analysis towards the impulse response 
functions (IRFs) estimated using posterior MCMC draws to how 
economic uncertainty impacts population health. Figure B1A in 
Appendix B illustrates the macroeconomic dynamics following a 1% 
surge in economic uncertainty. To concentrate on the consequences 
of the shock, I  refrain from displaying the response of the shock 
variable itself. As depicted in the figure, an upsurge in economic 
uncertainty precipitates significant reductions in economic growth, 
environmental pollution, and healthcare expenditure.

The marked response of real GDP to the uncertainty shocks is 
consistent with the majority of uncertainty literature, including 
Bachmann et al. (57), Baker et al. (4), and Baker et al. (58). These 
studies collectively highlight the detrimental impact of economic 
uncertainty on economic output. Moreover, the response of 
environmental pollution aligns, to some extent, with the findings by 
Ahmed et al. (59). However, recent evidence regarding the impact of 
economic uncertainty on environmental pollution remains 
contentious. While Adams et al. (60), Atsu and Adams (61), Adedoyin 
et  al. (62), and Yu et  al. (63) claim that heightened economic 
uncertainty causes increased carbon emissions, Abbasi and Adedoyin 
(64) and Zhang et  al. (65) find no discernible impact of EPU on 
carbon emissions. Furthermore, it is worth considering the adverse 
impact of economic uncertainty on healthcare expenditure, as it 
presents a contrasting viewpoint to the findings of (66) who observe 
positive effects of EPU on healthcare expenditure in China. However, 
this partially aligns with the conclusions drawn by Cheng and 
Witvorapong (67), who argue that healthcare policy uncertainty 
diminishes healthcare expenditure in the United States.

The above findings raise the question: why do environmental 
pollution and health expenditure respond negatively to economic 
uncertainty? To answer this question, I estimate the IRFs of shocks to 
GDP and CO2 emissions, as shown in Figure B1B in Appendix B. An 
increase in economic growth is likely to cause more severe 
environmental pollution and higher healthcare expenditures. As the 
economy grows, social investments and consumption increase in 

Thus, despite their intrinsic differences from the Bayesian approach, I have 

chosen to rely on information criteria statistics derived from frequentist 

estimation methods.

7 I did not perform panel unit root tests to validate variable stationarity. This 

is because such a condition is not required in panel VAR model settings or 

Bayesian econometrics.

8 Models with other health indicators generate similar results, which are 

available upon request.

tandem, leading to higher environmental pollution, consistent with 
Davis (68), who states that economic downturns often coincide with 
improvements in the natural environment. This, in turn, necessitates 
greater healthcare expenditure to manage the deteriorating 
environment (as depicted in the right panel of Figure B1B). An 
increment in GDP also raises national income, endowing the nation 
with improved abilities to fund healthcare. These findings support the 
well-known Environmental Kuznets curve hypothesis, which 
presumes that higher economic output correlates with reduced 
environmental quality in EMDCs, see Tucker (69), Grossman and 
Krueger (70), and Zhang and Zhang (71), among others. Moreover, 
I demonstrate the synchronicity of health expenditure with economic 
growth and environmental pollution, consistent with the recent study 
by Ampon-Wireko et al. (72), who propose that carbon emissions and 
income growth are significant factors influencing healthcare 
expenditure in non-OCED countries. Thus, following a hike in 
economic uncertainty, economic growth declines, and environmental 
pollution and healthcare expenditure tend to decrease correspondingly.

4.2.3. Responses of health indicators to 
economic uncertainty shocks

Similarly, the IRFs of health indicators to a 1% shock to economic 
uncertainty are computed and displayed in Figure 1. The first health 
indicator, life expectancy, as shown in Figure  1A, undergoes a 
marginal and statistically insignificant increase in the 2 years following 
an upsurge in economic uncertainty. However, the median IRF of life 
expectancy progressively decreases thereafter, turning negative 
response approximately 5 years after the shock and converging around 
the ninth year. Moreover, as reported in Figure 1C, an increase in 
environmental pollution is followed by a persistent decline in life 
expectancy. However, the corresponding error band is too wide to 
encompass zero, suggesting environmental pollution may deteriorate 
population health. This finding is consistent with Steinberger et al. 
(73), who content that life expectancy weakly correlates with carbon 
emissions. Brunner and Maruyama (74), conversely, report a positive 
association between life expectancy and CO2 emissions in low-income 
and lower-middle-income countries. Given the reactions of 
environmental pollution to economic uncertainty and economic 
growth (as shown in Figure 1B), the initial health gains post-shock 
may be attributed to the environmental improvements resulting from 
economic downturns. Nevertheless, as disclosed in Figures  1B,D, 
buildups in output and healthcare expenditure are critical drivers of 
life expectancy improvement (75, 76). Hence, the health detriments 
from contractions in economic growth and healthcare expenditure 
become apparent in the long run, evincing a significant and persistent 
diminution in life expectancy.

The remainder of Figure 1 illustrates the effects of distinct shocks 
on aggregate mortality (crude death rates), child mortality, and suicide 
rates. The IRFs depicted in Figures 1B–D compellingly demonstrate 
that augmentations in economic growth and healthcare spending 
significantly contribute to the reduction of both aggregate mortality 
and child mortality in EMDCs, corroborating the evidence reported 
in Nishiyama (77). Conversely, an increase in environmental pollution 
may engender a subtle and persistent rise in child mortality across the 
response horizon, alongside a marginal leap in aggregate mortality 
within a year, affirming the findings of Bressler (78).

However, as Figure  1 conveys, the response of aggregate 
mortality shifts from a negative trajectory in the first 6 years after a 
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1% uncertainty shock to a positive one thereafter. This suggests that 
while an increase in economic uncertainty may initially reduce 
aggregate mortality in the short term due to improved environmental 
quality, it could considerably impair public health by raising 
mortality rates in the wake of economic downturns. This inference 
diverges from the conclusion drawn by Ahmad et al. (40), who posit 
that CO2 emissions have no significant role in adult mortality in 
developing countries. In contrast, the response of child mortality to 
uncertainty shocks oscillates dramatically between positive and 
negative trajectories. Specifically, child mortality rises following 
uncertainty shocks but swiftly descends into the negative region for 
approximately 3 years before reverting and converging to a 
significant level. This indicates that the economic growth channel 
may dominate and substantially increase child mortality in the 
long run.

Pertaining to suicide rates, they exhibit nominal responses to 
environmental pollution shocks but react significantly and positively 

to economic growth and healthcare expenditure shocks. This 
observation substantiates Lynn’s hypothesis (79, 80) that higher 
economic growth can lead to anxiety and elevate suicide rates. 
Additionally, heightened economic uncertainty initially triggers a 
minor increase in suicide rates, providing additional evidence to 
support the findings of Vandoros et al. (10) and Claveria (13). In the 
long run, nevertheless, rises in economic uncertainty, alongside 
declines in economic output and healthcare expenditure, can 
significantly lower suicide rates.

4.3. Robustness checks

To assess the sensitivity of the results from the baseline models, 
I  consider two alternative model specifications: (1) establishing a 
larger VAR lag length, and (2) incorporating additional 
relevant variables.

FIGURE 1

Health indicator dynamics in response to specified shocks. This figure elucidates how health indicators, such as life expectancy, aggregate mortality, 
child mortality, and suicide rates, react to 1% increases in economic uncertainty, economic growth, environmental pollution, and healthcare 
expenditure. Solid lines represent the median of posterior estimates of the impulse response functions (IRFs). The area shaded in grey is the 68% error 
band, constructed from the 16th and 84th percentiles of posterior estimates of the IRFs.
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First, I  set a larger VAR lag length of 3, capturing almost a 
complete Kitchin cycle, and re-estimate the models. The estimated 
IRFs under this specification are presented in Figure 2; Figure B2 in 
Appendix B.9

Comparatively and generally, setting a larger VAR lag length does 
not substantially alter the results from the baseline models. However, 
the impact of environmental pollution on health indicators becomes 
more conspicuous, suggesting that environmental degradation has 
significantly delayed adverse effects on public health.

Second, I  integrate an additional variable into the baseline 
models to verify the robustness of the findings. Given the 
relevance of financial development [proxied by a broad index 

9 In this section, I will not report the IRFs like those in Figure 1B, as they are 

not my primary focus. However, these IRFs are available upon request.

established by Svirydzenka (81)] and globalization [measured by 
the KOF index of overall globalization developed by Dreher (82)] 
to the macroeconomy and their influence on population health, 
I choose to include these variables individually,10 yielding several 
6-variate panel VAR(1) models. The IRFs estimated for these 
augmented models are exhibited in Figure  3; Figure B3 in 
Appendix B.

As depicted in Figure 3, the impact of economic uncertainty on 
population health remains substantial. Both models predict less 
pronounced increases in life expectancy within approximately 2 years 
following a surge in economic uncertainty, accompanied by a marked 
decline in aggregate mortality. Child mortality and suicide rates 

10 Following the literature, financial development and globalization are 

ordered before economic output.

FIGURE 2

Health indicator responses to specified shocks in panel VAR (3) models. This figure presents how four health indicators evolve following 1% increases in 
economic uncertainty, economic growth, environmental pollution, and healthcare expenditure, when the VAR lag length is set at 3. Solid lines denote 
the median of posterior estimates of the IRFs, while the grey-shaded area stands for the 68% error band constructed using the 16th and 84th 
percentiles of posterior estimates of the IRFs.
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exhibit less responsiveness to economic uncertainty shocks in the 
short run. However, a discernible rise in child mortality and a decline 
in suicide rates transpire about 5 years after an upswing in 
economic uncertainty.

In addition, the mechanism through which economic 
uncertainty impacts population health could be  accentuated by 
financial development and globalization. As shown in 
Figures B3B,C, EMDCs generally benefit from invigorated 
globalization and financial development, which stimulate economic 
growth and improve population health. Precisely, heightened 
globalization unequivocally yields positive outcomes for all health 
indicators, corroborating the findings of Cole and Neumayer (83). 
Upgraded financial development significantly reduces child 
mortality and has a lagged effect in reducing aggregate mortality. 
However, advancements in financial development may not 
be conducive to lower suicide rates. Notwithstanding the favorable 
implications of financial development and globalization, elevated 
economic uncertainty impedes these two variables, as shown in 
Figure B3A.

4.4. Heterogeneity analysis

The findings from the above analysis indicate that economies with 
higher income levels frequently exhibit better population health, owing 
to their typically greater healthcare expenditure, advanced financial 
development, and a higher degree of globalization. Higher-income levels 
are associated with increased demand for environmental protections 
(69), promoting governments to pursue eco-friendly economic growth 
strategies that ultimately enhance overall health conditions. As a result, 
heterogeneities may emerge due to disparities in development. To 
investigate this proposition, I  divide the sample into (1) emerging 
markets and developing economies, as well as (2) countries categorized 
by four income tiers-low, lower-middle, upper-middle, and high-income 
levels. I then re-estimate the models to compile the relevant empirical 
results presented in Figures 4–7; Figures B4–B6 in Appendix B.11

11 My emphasis in this section is primarily on the baseline models. However, 

to provide further insights into the importance of financial development and 

FIGURE 3

Health indicator responses to specified shocks in augmented models. This figure outlines how four health indicators respond to increases in economic 
uncertainty, as well as improvements in financial development and globalization. As in previous figures, solid lines represent the median of posterior 
estimates of the IRFs, and the grey-shaded regions denote the 68% error band constructed from the 16th and 84th percentiles of posterior estimates 
of the IRFs.
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4.4.1. Comparison between emerging markets 
and developing countries

The IRFs depicted in Figures 4, 5; Figure B4 provide compelling 
evidence for the heterogeneous effects across these distinct country 
classifications. Specifically, after an upsurge in economic uncertainty, 
both emerging markets and developing countries exhibit discernible 
improvements in population health. The responses of life expectancy 
and mortality rates in emerging markets, along with the child 
mortality rates in developing countries, appear more significant. 
However, economic uncertainty seems to have minimal impact on 
suicide rates within both country classifications, particularly in the 
short term. Excepting suicide rates, the health gains generated from 
economic growth, healthcare expenditure, and globalization are 
appreciably more substantial in developing countries than in 
emerging markets.

Contrastingly, health indicators for both country classifications 
respond markedly and differently to shocks in environmental 
pollution and financial development. It is noteworthy that the adverse 
effects of environmental pollution and the salutary effects of financial 
development on life expectancy and mortality rates are more evident 
in emerging markets, whereas developing countries demonstrate 
lesser responsiveness to these shocks.

globalization, I also examine augmented models that incorporate these two 

variables.

In the aftermath of an escalation in economic uncertainty, 
emerging markets suffer more considerable drops in economic output, 
environmental pollution, healthcare expenditure, and financial 
development. In comparison, developing countries confront more 
drastic reductions in the degree of globalization.

4.4.2. Comparison among countries with 
different income levels

The differences among countries at varying income levels are 
starkly apparent in this study. Regarding health outcomes resulting 
from economic uncertainty (Figures 5C,D), all economies, except 
those at high-income levels, are likely to see significant improvements 
in public health after a hike in economic uncertainty. Conversely, 
high-income countries may withstand an increase in aggregate 
mortality and child mortality rates, as well as a transient diminution 
in life expectancy. Among all income categories, the responses of 
health indicators to uncertainty shocks are the most pronounced in 
upper-middle-income countries.

Concerning other health-influencing factors, it is evident that upper-
middle-income and notably lower-middle-income countries could 
realize substantial benefits from progressive economic growth and 
enhanced healthcare expenditure, like the potential gains for low-income 
countries with enlarged healthcare expenditure. These advantages are 
observable in the prolonged life expectancy and reduced mortality rates 
(Figures 6, 7). However, it should be noted that in low-income countries, 
health improvements attributable to economic growth tend to 
be  relatively modest and less persistent, as shown in Figure  6A. In 
contrast, health indicators in high-income countries demonstrate a lower 

FIGURE 4

Differential responses of health indicators to 1% shocks to specific variables in emerging markets and developing countries. This figure differentiates 
the changes in four health indicators between emerging markets and developing countries in reaction to 1% increases in economic uncertainty, 
economic growth, environmental pollution, and healthcare expenditure. Solid lines and solid asterisk-marked lines denote the median of the posterior 
estimates of the corresponding IRFs, while grey-shaded regions and dash-dotted lines represent the 68% error bands constructed from the 16th and 
84th percentiles of the posterior estimates of the corresponding IRFs.
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sensitivity to fluctuations in economic growth and healthcare 
expenditure, with the notable exception of suicide rates, which may 
comove positively with economic growth and healthcare expenditure 
across all country classifications. In the context of mounting 
environmental pollution (Figures 6C,D), upper-middle-income countries 
are likely to confront significant health deterioration, manifested by 
curtailed life expectancy and increased mortality rates, including both 
aggregate and child mortality. Conversely, high-income countries may 
only endure a slight decrement in life expectancy, along with an 
increment in aggregate mortality in the short run. Yet, health indicators 
in other income groupings exhibit negligible responses to changes in 
environmental pollution.

Furthermore, as illustrated in Figures 7C,D, economic growth, 
environmental pollution, and healthcare expenditure in countries of 
varying income levels display distinct dynamics after a rising shock in 
economic uncertainty. Following an uptick in economic uncertainty, 
low-income and upper-middle-income countries would experience 
more stringent economic contractions than lower-middle-income 

countries, while high-income countries show a reduced reactivity. 
Additionally, concerning environmental pollution and healthcare 
expenditure, shocks from economic uncertainty exert an immediate 
and persistent impact on upper-middle-income countries, with a 
delayed effect on high-income countries.

Upon considering the income levels of different countries, the 
favorable health outcomes associated with financial development do not 
consistently manifest across all nations. The IRFs in Figures B5A,B in 
Appendix B intimate that the health benefits of financial development are 
predominantly evident in upper-middle-income countries. Paradoxically, 
financial development could potentially precipitate adverse effects on 
health indicators within high-income countries. Globalization, 
meanwhile, ostensibly fosters positive health effects, particularly within 
low-income, lower-middle-income, and upper-middle-income countries 
(Figures B5C,D). For low-income and upper-middle-income countries, 
the benefits conferred by globalization may be negated by economic 
uncertainty, which has been identified as a significant factor in attenuating 
globalization degrees within these countries (Figure B6 in Appendix B). 

FIGURE 5

Responses of health indicators to 1% shocks in financial development, globalization, and economic uncertainty across varied countries. This figure 
delineates (1) the differential trajectories of health indicators between emerging markets and developing countries following enhancements in financial 
development and globalization, and (2) the varied responses of health indicators to surges in economic uncertainty across countries with disparate 
income levels. Solid lines and solid dot/asterisk-marked lines represent the median of the posterior estimates of the corresponding IRFs, while grey-
shaded regions and dash(-dotted) lines are the 68% error bands constructed using the 16th and 84th percentiles of the posterior estimates of the 
corresponding IRFs.
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Interestingly, lower-middle-income countries could potentially glean 
health gains from economic uncertainty, given that it tends to impose 
impediments to financial development in both lower-middle-income and 
high-income countries (Figure B6 in Appendix B).

5. Conclusion

In recent years, the global economy has been marked by 
unprecedented levels of uncertainty. This has sparked extensive academic 
interest, particularly concerning the subsequent effects on economic 
activities, agent behavior, and asset prices. Theoretically, economic 
uncertainty impacts public health through a direct psychological channel 
and three indirect channels: economic growth, healthcare expenditure, 
and environmental quality. This paper turns its focus to emerging 
markets and developing countries (EMDCs), as these regions are most 
vulnerable to increased economic uncertainty due to their inadequate 
medical infrastructure and services. I assess the impact of economic 
uncertainty on public health by analyzing a comprehensive annual, 
country-level dataset for 103 countries through a Bayesian panel VAR 
model developed by Beetsma et al. (20).

Based on the entire sample, the empirical findings reveal a 
transient and marginal beneficial health impact from heightened 
economic uncertainty. This is evidenced by increased life expectancy 
and reduced mortality rates. However, in the long run, nations tend to 
experience an overall decline in health due to persistent decreases in 
economic growth and healthcare expenditure, both of which are 
crucial determinants of health. Robustness checks confirm that the 
results remain largely unaffected by VAR lag length and model 
dimensionality. Additionally, environmental pollution exerts 
significant detrimental effects on health. I  also present further 
evidence supporting the positive health outcomes associated with 
financial development and globalization, both of which respond 
negatively to economic uncertainty shocks.

The subsample analysis underscores considerable heterogeneities 
across diverse types of countries within EMDCs. I concentrate on three 
health indicators—life expectancy, aggregate mortality, and child 
mortality—and find that the health-enhancing effects of economic 
uncertainty are more pronounced in emerging markets, low-income, and 
upper-middle-income countries. Notably, surges in economic uncertainty 
may trigger increased child mortality rates in high-income and lower-
middle-income nations. Additionally, the health benefits derived from 

FIGURE 6

Responses of health indicators to 1% shocks to real GDP per capita and CO2 emissions across economies with diverse income levels. This figure 
outlines the distinct dynamics of health indicators in response to economic growth and environmental pollution among countries of varying income 
levels. Soild lines and solid dot/asterisk-marked lines symbolize the median of posterior estimates of the corresponding IRFs, while grey regions and 
dash(-dotted) lines indicate the 68% error bands derived from the 16th and 84th percentiles of posterior estimates of the corresponding IRFs.
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healthcare expenditure are more apparent in developing, low-income, 
and lower-middle-income countries, while economic growth may not 
consistently improve health outcomes in high-income countries. The 
deleterious effects of environmental pollution on health are 
predominantly observable in emerging markets, lower-middle-income, 
and upper-middle-income countries. Lastly, financial development does 
not significantly affect health outcomes for developing and high-income 
countries. In contrast, globalization has a positive health impact for all 
classifications of nations except high-income countries. Following 
escalations in economic uncertainty, only upper-middle-income 
countries exhibit a substantial decline in suicide rates. Contrary to 
common belief, economic growth and healthcare expenditure may not 
contribute to reduced suicide rates in countries other than low-income 
nations. Furthermore, I  explore the interlinkages among economic 
uncertainty, environmental pollution, and healthcare expenditures, 
within the context of this study, themes which have been extensively 
examined in previous studies.

The findings yield several policy implications. First, EMDCs 
should be aware of the potentially detrimental impact of economic 

uncertainty and contemplate implementing proactive measures to 
mitigate the adverse effects of economic downturns during periods of 
heightened economic uncertainty, such as social safety nets and 
targeted healthcare interventions. Second, EMDCs should continue 
investing in their healthcare systems, as they have been demonstrated 
to be salient factors contributing to positive health outcomes (84). 
Third, EMDCs need to be  vigilant of potential health detriments 
resulting from environmental degradation and endeavor to pursue 
eco-friendly economic growth trajectories. Fourth, EMDCs should 
strive to develop a more sophisticated financial system and enhance 
globalization, promoting economic development and public health. 
Lastly, EMDCs should consider enacting policies that reduce 
economic uncertainty, such as refining the business environment, 
augmenting the credibility and transparency of economic policies, and 
encouraging economic diversification. These actions may facilitate 
sustainable economic growth and, consequently, improve 
population health.

Moreover, the findings provide critical insights into the primary 
policy interventions for enhancing public health in countries of 

FIGURE 7

Responses of health indicators to 1% shocks to healthcare expenditure per capita and macroeconomic responses to 1% shocks to economic 
uncertainty across economies of diverse income levels. This figure demonstrates (1) the varied dynamics of health indicators in response to growth in 
healthcare expenditure among countries with differing income levels, and (2) the differential responses in economic growth, environmental pollution, 
and healthcare expenditure in the face of escalating economic uncertainty across countries of disparate income levels. Soild lines and solid dot/
asterisk-marked lines depict the median of posterior estimates of the corresponding IRFs, while grey regions and dash(-dotted) lines indicate the 68% 
error bands constructed from the 16th and 84th percentiles of posterior estimates of the corresponding IRFs.
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varying income levels. For low-income countries, it is essential to 
foster economic growth, bolster globalization, and make considerable 
investments in healthcare expenditure, particularly in times of 
significant economic uncertainty (85). Lower-middle-income 
countries should prioritize interventions to reduce child mortality 
rates that may increase amid economic uncertainty, while also 
endeavoring to embrace globalization to reap health benefits. In the 
case of upper-middle-income countries, the expansion of healthcare 
access and coverage during economic uncertainty is recommended. 
Additionally, these countries should strengthen environmental 
regulations to improve environmental quality and promote financial 
inclusion to maximize the positive effects of financial development 
(86). High-income economies, on the other hand, should implement 
policies to mitigate the adverse health impacts of economic 
uncertainty, with a particular emphasis on child mortality. Investment 
in green technologies and renewable energy is necessary to address 
environmental degradation and its detrimental health effects (87, 88). 
In addition, these economies should strive to optimize the efficiency 
of healthcare expenditure, monitor suicide rates diligently, and ensure 
the provision of adequate mental health resources during periods of 
heightened economic uncertainty.

Notwithstanding, this study retains several limitations that 
warrant further investigation. For example, the increasing 
integration of economies and financial markets worldwide 
necessitates accounting for international spillovers and dynamic 
interdependencies between countries (89, 90). Nonetheless, the 
sample used in this study precludes extensive examination of cross-
country interdependencies. A potential future study could 
concentrate on a specific region with a limited number of countries 
and employ the panel VAR model with the stochastic search 
specification selection algorithm proposed by Koop and Korobilis 
(91) to allow for all potential dynamic interdependencies and 
heterogeneities. In addition, regime shifts might prevail in the 
relationship between health and its determinants due to economic 
and political events. Future studies could employ models 
incorporating potential regime shifts, such as Markov-regime 
switching and time-varying parameters models, to offer more 
insights. Furthermore, the extant literature has uncovered many 
other economic and social variables influencing health, such as 
income inequality, democracy, military expenditure, natural 
resource dependence, and education. However, I primarily excluded 
these variables from this study due to data availability constraints 
and the desire for model parsimony. Incorporating these variables 
to construct a more comprehensive model is left for future work.
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Impact of the new rural social 
pension insurance on the health 
of the rural older adult population: 
based on the China health and 
retirement longitudinal study
Yuegang Song 1, Changqing Song 1, Ziqi Wang 1 and Guoheng Hu 2*
1 School of Business, Henan Normal University, Xinxiang, China, 2 Shengxiang School of Business, Sanda 
University, Shanghai, China

The health issues of China’s older adult population in rural areas have been 
receiving increasing attention with the continuous expansion of the nation’s 
ageing population and the continuous promotion of urban–rural integration. The 
impact of the new rural social pension insurance (NRSPI) on the health of the rural 
older adult population, the mechanism of its action and how old-age service can 
be improved and optimised according to the health needs of the rural older adult 
population are urgent and realistic challenges. Based on survey data from the China 
Health and Retirement Longitudinal Study in 2015 and 2018, this study applies a 
multivariate ordered logistic regression model to explore the impact mechanism 
and effect of the NRSPI on the older adult population health in rural China while 
controlling for endogeneity. The results show that participation in the NRSPI can 
significantly improve the health of the rural older adult population at a 1% level. 
The results of the heterogeneity test reveal that the NRSPI has a significant impact 
on the self-reported health of the rural older adult at a 1% level, with a significantly 
positive impact on the mental and physical health of rural female older adult, 
whereas the impact on male older adult is not significant. The mediating effect 
test results show that medical services, food access and entertainment activities 
have a mediating effect on the new rural social endowment insurance. The results 
of the moderating effect test indicate that the NRSPI regulates 7.8% of the effect 
of physical health on mental health and 10.7% of the effect of mental health on 
physical health. Based on these findings, this study proposes to strengthen the 
construction of healthy lifestyle guidance and emotional support systems while 
improving the NRSPI’s participation rate and treatment level to meet the diverse 
health service needs of different older adult groups.

KEYWORDS

new rural social pension insurance, rural older adult population health, logistic 
regression model, mediating effect, moderating effect

Introduction

Since the 1990s, China has experienced a sustained rapidly ageing population (1). The scale 
and proportion of the older adult population are generally on the rise and the rate of growth has 
been accelerating (2). According to the 2020 National Ageing Development Bulletin issued by 
the National Health Commission of China and the seventh national census data, the number of 
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older adult people aged 60 and over and 65 and over in China reached 
264 million and 190 million, respectively. The proportion of the total 
population increased from 13.26% and 8.87% during the sixth 
national census to 18.7% and 13.5%, respectively. More than 50% of 
the older adult live in rural areas with relatively limited economic and 
social development, and the degree of ageing in rural areas has been 
consistently higher than that in cities and towns. Due to imbalanced 
economic development and inadequate social security benefits, the 
health service needs of the older adult in rural China are particularly 
severe (3). The health problems of the rural older adult are reflected 
in self-reported health as well as actual physical and mental health 
figures. In addition, the relative poverty caused by the considerable 
income gap of the rural older adult and health inequality caused by 
urban–rural differences and uneven distribution of pensions must also 
be urgently addressed. To improve the health of the older adult in 
rural areas, the Outline of the 14th Five-Year Plan for China’s National 
Economic and Social Development, the (14th Five-Year) National 
Plan for the Development of the Cause of Ageing and the Pension 
Service System and the 14th Five-Year Plan for Healthy Ageing in 
2022 clearly recognised that the health of the older adult must 
be raised as a national strategy, and a plan to promote the achievement 
of a comprehensive and continuous health service system for the older 
adult covering urban and rural areas, rationally allocate health services 
for the older adult (particularly health service resources for the rural 
older adult) and continuously improve the health of the rural older 
adult population.

In the face of China’s increasingly severe ageing trend and the 
health inequality of the older adult population in urban and rural 
areas, the traditional family pension model in rural areas has been 
weakened. Further improving the social pension insurance system is 
crucial for ensuring the basic lives of the rural older adult and 
improving the health of the rural older adult population. In this 
context, the State Council of China began to conduct pilot reform via 
the new rural social pension insurance (NRSPI) in 2009, basically 
achieving full coverage in rural areas in 2012. The purpose of the 
NRSPI is to address the problem of inadequate health services for the 
rural older adult to achieve a sense of security. As a continuation of 
China’s livelihood security system, the NRSPI is the core of the 
existing rural social old-age security system and the key to ensuring 
the equalisation of urban and rural old-age services. Its biggest 
characteristic is to adopt the mode of combining three financing 
channels of individual payment, collective subsidy and government 
subsidy. Through the external subsidy support of the government, it 
provides a new pension income for the rural older adult to alleviate 
their living pressure, improve their living standards, and bring some 
support and guarantee to their economic life. Accordingly, 
investigations of the socio–economic effects of the NRSPI have also 
attracted academic attention. As the basic insurance system for the 
older adult in rural China, can the NRSPI achieve the goal of 
improving the health of the rural older adult population? If so, 
through what channels does the NRSPI effectively advance health 
protection for the rural older adult? What is its mechanism of action? 
These questions require investigation. Based on China’s population 
ageing, the goal of healthy ageing and the policy orientation of the 
Healthy China initiative, this study use the multivariate ordinal 
logistic regression model, narrows the traditional research scope to 
the impact of the NRSPI on the health status of rural older adult 
population by constructing the mediating effect and moderating effect 

hypothesis to propose corresponding policy implications regarding 
the optimal path for pension service in the current NRSPI system.

Literature review

Since the end of the 20th century, an increasing number of nations 
have experienced rapidly ageing societies. The issues of pension 
insurance and older adult population health have become urgent 
challenges for many governments. As the academic community has 
increasingly examined health inequality among older adult 
populations, the impact of China’s NRSPI on the health of the rural 
older adult population has become a popular topic of academic 
research. Based on previous research, this study primarily presents 
three topics in the relevant literature, including the effects of NRSPI 
policy implementation, the influencing factors of older adult 
population health and the impact of the NRSPI on older adult 
population health.

Research on the effect of NRSPI 
implementation and its impact

In previous research, although the NRSPI was merged with urban 
residents’ basic pension insurance in 2014, the academic community 
is still accustomed to referring to it as the NRSPI. The NRSPI is 
significant aspect of China’s social security system reform and 
development and a crucial measure to protect the livelihoods and 
welfare of the older adult in rural areas. As the research object of 
interdisciplinary fields such as economics, politics, demography and 
sociology, the challenge of rural old-age care has been a popular 
research topic. Since NRSPI policy implementation, previous research 
has conducted a series of studies on the conditions, methods and 
effects of insurance participation (4). These studies have focused on 
analysing the advantages and disadvantages of NRSPI implementation 
(5–8), and the majority of the research has focused on the impact of 
the NRSPI on the economic status of rural older adult (9). Some 
studies have analysed the effect of the NRSPI on older adult population 
income and poverty reduction, consumption promotion and crowding 
out effects of savings from an economic perspective (10–14). Some 
studies have also explored the impact of the NRSPI on the family lives 
of the rural older adult, its impact on the traditional family pension 
model and its impact on grandchild care from the perspective of inter-
generational support (15–20). Some studies have examined the impact 
of the NRSPI on the labour supply of the rural older adult, including 
agricultural labour supply and other labour supply related to land 
transfer (21–24).

Research on the influencing factors of 
older adult population health

With growing emphasis on investigating older adult population 
health in the academic community, based on Grossman’s health needs 
theory and associated model (25), considerable research has examined 
the health of the older adult population from multiple fields and 
perspectives, exploring a variety of factors, including individual 
characteristics, urban–rural differences, socio–economic status and 
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social security (26–33). In addition, based on the factors affecting 
health inequality proposed by Fleurbaey and Schokkaert (34, 35), 
combined with the environmental factors of China’s unique urban and 
rural household registration system, some studies have focused on the 
health inequality of the rural older adult population (36–42).

Research on the impact of NRSPI 
implementation on older adult population 
health

In recent years, with the implementation of China’s policy to 
promote basic old-age care services for all older adult citizens, the 
academic community has also applied a variety of data resources and 
conducted extensive and in-depth research on the impact mechanism 
between the NRSPI and the challenges of addressing older adult 
population health from multiple perspectives. Some research has 
examined whether the NRSPI policy has promoted older adult 
population health, including physical and psychological depression 
and subjective well-being dimensions (43–47). In terms of research 
methods, some scholars have explored the impact mechanism of the 
NRSPI on older adult population health based on micro-sectional data 
using propensity score matching (PSM) or instrumental variable 
approaches. Some studies have constructed balanced panel data using 
the PSM difference-in-differences (PSM-DID) method to evaluate 
NRSPI impacts. These studies have primarily empirically tested the 
impact of the NRSPI on income, consumption, labour supply, inter-
generational support, poverty reduction and other aspects of its 
impact on the older adult (48–51).

Related literature review

The literature review reveals that previous research has generally 
investigated the correlation between pension insurance and older 
adult population health, conducting research on the performance of 
pension insurance on older adult population health from multiple 
perspectives; however, some considerations need to be deepened and 
improved. First, the existing research objects primarily include the 
entire older adult population, and a limited number of studies have 
conducted research on the rural older adult population based on 
China’s unique urban and rural household registration. In addition, 
previous research on older adult population health has been largely 
based on self-reported or physical health, and few scholars have 
included mental health considerations. Second, previous literature has 
rarely explored the path through which the NRSPI system promotes 
rural older adult health, lacking considerations of the impact path of 
the NRSPI system and mediating effect analyses. It is challenging to 
accurately quantify how the NRSPI system has improved the health of 
the rural older adult. Third, primary research conclusions regarding 
the impact of the NRSPI system on the health of the older adult are 
contradictory. This could be related to the year(s) of the survey data 
examined. The time span of the cross-sectional data examined in the 
previous research has been earlier, and the span of the balanced panel 
data constructed has been shorter, without consideration of the 
inherent hysteresis of the NRSPI’s institutional effects.

Based on the above, this study uses data from the most recent 
China Health and Retirement Longitudinal Study (CHARLS) which 

were conducted in 2015 and 2018, takes the rural older adult 
population in China as the main research object, using self-reported 
health, mental health and physical health as explanatory variables to 
evaluate the health of the older adult and applies health demand, life 
cycle and social support theories as the primary theoretical basis. 
Using a multivariate ordered logistic model, this study examines the 
effects of NRSPI implementation on the health status of the older adult 
in rural China and its heterogeneous effects on rural older adult of 
different genders. The study also proposes mediating and moderating 
effect hypotheses to analyse and test the effect of the NRSPI on rural 
older adult population health, providing scientific and feasible 
theoretical insights for China to further improve the basic rural 
pension insurance system and improve rural older adult health.

Marginal contributions

Referencing previous research ideas, this study aims to 
comprehensively explore the impact of the NRSPI on China’s rural 
older adult population health, with the following four contributions. 
First, in terms of research objects, this study takes the rural older adult 
divided by China’s unique urban and rural household registration as 
the research object, classifies older adult health into self-rated, mental 
and physical health and empirically analyses the impact of the NRSPI 
on the health of the rural older adult to provide a valuable policy 
reference for improving China’s NRSPI system and rural older adult 
health. Second, in terms of research methods, this study applies the 
multivariate ordinal logistic regression model to the latest CHARLS 
data in 2015 and 2018 to analyse the impact of the NRSPI on rural 
older adult population health. The research conclusions provide 
valuable insights for improving the implementation of this new rural 
insurance policy. Third, in terms of theoretical mechanisms, this study 
constructs a theoretical model to quantify the effects of the NRSPI on 
rural older adult health and proposes research hypotheses regarding 
mediating and moderating effects to deepen the understanding of the 
relationship between the NRSPI and rural older adult health and 
investigates how the NRSPI has improved medical service, leisure and 
entertainment activities and nutrition for China’s rural older adult.

Theoretical analysis and research 
hypotheses

This study reference the research of Wu et  al. (52), through 
theoretical analysis, explain how the implementation of NRSPI will 
affect the health of the older adult population from the theoretical 
logic, and puts forward three propositions as the hypothesis of this 
empirical research.

Based on the health demand theory of Grossman (25), this study 
includes age, gender, marital status, income level, recreational 
activities, social class and social insurance as potential influencing 
factors. This study argues that health can be  considered as an 
investment product in which income and recreational activities can 
increase individuals’ health stock. Individuals can protect their health 
by procuring medical services and spending leisure and entertainment 
time. As a social insurance factor in the health demand function, the 
NRSPI increases older adult pension income and leisure and 
entertainment time, which subsequently improves rural older adult 
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health (52). Specifically, income is a significant factor in determining 
the health of the older adult in rural areas. Pension income can 
improve individuals’ socio–economic status, which allows the older 
adult to have sufficient risk resistance, less mental stress and higher 
self-reported health when facing health risks (53). Pension income can 
also improve health awareness and mental health, cause the older 
adult to prioritise their own health, provide more choices in medical 
treatment and positively impact physical health (43). In addition, 
when the rural older adult secure a stable pension income, leisure and 
entertainment activities are expected to increase, which also improves 
rural older adult health. Therefore, this study proposes Hypothesis 1.

Hypothesis 1: The NRSPI has a positive impact on rural older adult 
population health.

Referencing the life cycle theory of Modigliani (54), this study 
argues that rational economic individuals will allocate income and 
make decisions regarding consumption and savings across the entire 
life cycle according to the principle of utility maximisation. As a stable 
source of income, the NRSPI has impacted the medical consumption 
decisions of the rural older adult throughout the life cycle, increasing 
consumption expenditure for disease prevention (55), reducing the 
occurrence of chronic diseases, promoting the use of medical services 
and improving the activities of daily life, which significantly enhances 
the physical health of the insured older adult (56, 57). The NRSPI has 
also increased rural older adult families’ disposable income, reduced 
the uncertainty of future income and inhibited current pension-saving 
practices, with a significant effect on healthy consumption and 
nutritious dietary consumption (58). The policy has increased the 
variety of food intake and promoted improved eating habits and 
dietary balance, ultimately enhancing the health performance and 
physical health status of the rural insured older adult (43). Therefore, 
this study proposes Hypothesis 2.

Hypothesis 2: The NRSPI has a positive impact on the physical 
health of the older adult in rural areas by increasing medical 
services through health care disbursement and diversifying the 
variety of food intake to promote a balanced diet.

Based on the theory of social support, this study contends that 
when the economic support of the children of the older adult in rural 
areas is inadequate to support the older adult (26), support at the macro 
level of society can alleviate the economic pressure experienced by the 
older adult. Therefore, as a formal social support provided by the 
government, the NRSPI delivers stable pension income for the older 
adult in rural areas, replacing labour income, reducing labour time, 
increasing disposable leisure time to participate in more leisure and 
other recreational activities, alleviating concerns regarding old age, 
improving life satisfaction and boosting mental health and subjective 
well-being (44). Increased recreational activities also improve the 
cognitive functions of the older adult, generating confidence in the 
future, increasing happiness and satisfaction and more optimism 
regarding personal health evaluation, which improves the level of self-
reported health (47, 59). Therefore, this study proposes Hypothesis 3.

Hypothesis 3: The NRSPI improves the mental and self-reported 
health of the rural older adult by increasing opportunities for 
recreational activities (Figure 1).

Empirical analysis

Model setting

Benchmark regression model
Based on the above theoretical analysis, to examine the impact 

of the NRSPI on rural older adult population health, this study 
refers to Werner et al. (60), and uses the health level of the rural 
older adult (self-reported health evaluation, mental health and 
physical health) as the explained variable, and whether the NRSPI 
was implemented as the explanatory variable. The mediating 
variables are also incorporated and other variables that may affect 
health are introduced as control variables, and the multivariate 
ordered logistic model is used as the benchmark regression model. 
The details are as follows:

 sfe nrspi controlsit it it i t it= + + + + +α α α ψ ψ ε0 1 2  (1)

 mth nrspi controlsit it it i t it= + + + + +α α α ψ ψ ε3 4 5  (2)

 psh nrspi controlsit it it i t it= + + + + +α α α ψ ψ ε6 7 8  (3)

where subscripts i and t  represent the rural older adult individual 
and year, respectively; sfeit , mthit  and pshit represent the self-
reported health evaluation, mental and physical health of individual 
i in year t ; nrspiit  represents whether individual i participated in the 
NRSPI in year t ; ψ i and ψ t represent individual and year fixed effects, 
respectively; controlsit  is a series of related control variables at the 
individual level; and εit  represents the random disturbance term.

Mediating mechanism test model
In addition to the direct effects embodied in Eqs 1–3, to explore 

possible indirect effects, this study references Wen et al. (61), testing 
the mediating effects of medical services, food acquisition and 
recreational activities between the NRSPI and rural older adult 
population health. The specific form of the model is set as follows:

 lnMid nrspi controlsit it it i t it= + + + + +β β β ψ ψ ε0 1 2  (4)

 sfe nrspi lnMid controlsit it it it i t it= + + + + + +η η η η ψ ψ ε0 1 2 3  (5)

 mth nrspi lnMid controlsit it it it i t it= + + + + + +η η η η ψ ψ ε4 5 6 7  (6)

 psh nrspi lnMid controlsit it it it i t it= + + + + + +η η η η ψ ψ ε8 9 10 11  (7)

Equations 4–7 examine the mediating effect of lnMidit  using a 
step-wise regression. The potential mediating variables include 
medical services (msv), food acquisition ( fas) and recreational 
activities (rac), and the remaining variables are the same as above.

Moderating effect test model
Referencing Jiang (62), this study constructs the following 

moderating effect model:
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mth nrspi mth psh psh
controls
it it it it it

it i

= + + × +
+ + +

σ σ σ σ
σ ψ ψ

0 1 2 3

4 tt it+ ε  (8)

 

psh nrspi mth psh
mth controls
it it it it

it it i

= + + ×
+ + + +

σ σ σ
σ σ ψ ψ

5 6 7

8 9 tt it+ ε  (9)

The results of the moderating effect test primarily concern the 
significance of the interaction term coefficients σ2 and σ7 to verify the 
positive and negative and significance of the product coefficients of 
mental and physical health in Eqs 8, 9. The remaining variables are the 
same as above.

Variable descriptions

Explanatory variables
The explanatory variable in this study is rural older adult 

individuals’ participation in the NRSPI, which comes from the 
question: Do you  participate in the new rural insurance? In the 
CHARLS questionnaire. This is a dummy variable, taking the value of 
1 if the respondent participated in the NRSPI, otherwise, a 0 value 
is assigned.

Explained variables

Measurement model
This study refers to the practice of Haan and Uhlendorff (63), and 

prepares five options for the design of the questionnaire on the health 
status of the rural older adult: very good, good, general, bad, very bad. 
This is the explanatory variable of this study, covering the possible 
aspects of the health status of the rural older adult. Self-reported 
health evaluation, mental health and physical health, which are all 
ordered categorical variables with values of 1–5, which is a typical 
sortable choice. Therefore, the multivariate ordered Logistic model is 
used to estimate this effect, and the basic model is constructed 
as follows:

 
P y j x

e
i xi

=( ) =
+ − +( )|

1

1
α β  

(10)

where xi represents the i index variable, and y is the actual 
observation value, which is assigned to 1, 2, 3, 4 or 5, respectively, 
representing the probable older adult individual’s health status in each 
option. The potential implicit variable y∗ is introduced into the 
ordered logistic model as a unidirectionally observable value to 
examine the health status of the older adult, where y∗ satisfies the 
following form:

New  
rural 
social 
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acquision
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Mental
health

Physical
health
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H1

H3

H2

FIGURE 1

The research roadmap.
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 y AX i
∗ = + ε  (11)

where X  is the explanatory variable, A is the parameter vector to 
be estimated and εi is the model intercept. γ  represents the critical 
demarcation point of the unknown results of the health status of the 
middle-aged and older adult people in this study; that is, γ1, γ 2, γ3 and 
γ 4, representing four demarcation points. After obtaining the 
parameter estimates of εi and εi, the probability of each value of y can 
be obtained as follows:

 
P y j X e

e

x

x

i

i
≤( ) =

+

− +( )

− +( )|

α β

α β
1  

(12)

Measurement method

Self-reported health evaluation (sfe)
This study references the CHARLS question: what do you think of 

your health? As the measure of self-reported health. The responses 
include very good, good, general, bad or very bad, and the specific 
assignments are presented in Table 1.

Mental health (mth)
This study uses life satisfaction, cognitive ability and depression 

indices to measure the mental health of the rural older adult. To 
measure mental health, the life satisfaction index references the 
CHARLS questionnaire’s DC028: are you  satisfied with your life, 
which includes responses of extremely satisfied, very satisfied, 
relatively satisfied, not very satisfied and not satisfied at all. At the 
same time, according to the cognitive assessment scale and the 
cognitive portion of the CHARLS questionnaire’s DC01–DC08 and 

DC19–DC27 questions, measures the cognitive level of the rural older 
adult in terms of orientation, reaction and memory. We  obtain 
continuous variables referencing these questions. A higher score 
indicates higher cognitive abilities. In addition, questions DC009–
DC018 are used in combination with the depression level scale to 
quantify the data of mental health rating as a main variable to measure 
depression status in mental health to comprehensively reflect the 
degree of depression among the rural older adult.

This study references the research methods of Tao and Shen (26) 
regarding indicators of mental health. Through factor analysis, three 
principal components are extracted which represent first-level 
indicators. The proportion of each rotating squared sum load to the 
total load of the three principal components is obtained via maximum 
variance rotation, to setting the weights of these three dimensions to 
34.3116%, 33.1109%, and 32.5775%. Since the proportions of the three 
dimensions of mental health in the 2018 CHALRS questionnaire are 
equally important, this study directly applies one-third weight to the 
secondary indicators of mental health. Applying the entropy weight 
method to the three indicators to ensure rationality and accuracy, the 
objective assignment comprehensively considers errors and 
distortions, finally determining the entropy weight of the mental 
health dimension according to the distribution method presented in 
Table 2, which divides the mental health dimension in more detail.

Physical health (psh)
In this study, residents’ daily living self-care ability (ADL) 

represents rural older adult residents’ objective physiological health 
status. Seven indicators of ADL are used, including whether 
respondents can run or jog for 1 km, bend and bend their knees or 
squat, dress independently, bathe independently, eat independently, 
go to the toilet independently and control physiological excretion. 
According to the internationally accepted definition, if one or more of 
the above seven activities of daily living require assistance from others 

TABLE 1 Variable definition and descriptive statistics.

Variable name Index selection Variable definition Maximum value Minimum value Mean value

Explanatory variable nrspi Participation = 1; not participated = 0 1 0 0.761

Explained variable

sfe
Very bad = 1; bad = 2; general = 3; good = 4; 

very good = 5
5 1 3.092

mth
Very bad = 1; bad = 2; general = 3; good = 4; 

very good = 5
5 1 3.587

psh
Very bad = 1; bad = 2; general = 3; good = 4; 

very good = 5
5 1 3.255

Control variable

age The actual age of the older adult 108 60 68.786

sex Male = 1; female = 2 2 1 1.531

mst With spouse = 1; without spouse = 0 1 0 0.782

icl Gross annual income 8922.369 0 6545.492

sst
1 represents the lowest level; 10 represents 

the highest level
10 1 4.055

Mediator variable

msv Sufficient = 1; insufficient = 0 1 0 0.858

fas
Sufficient = 1;

insufficient = 0
1 0 0.446

rac Participation = 1; not participate = 0 1 0 0.253

The three digits after the decimal point are rounded.
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to complete, respondents are considered to have daily living ability 
limitations, and the ADL health index is assigned to 0. Conversely, if 
the seven activities of daily living can be completed independently, the 
ADL health index is assigned to 1. The specific assignments are 
presented in Table 1.

Control variables
Referencing Grossman’s health demand theory (25) and Liu and 

Liu (43), this study uses three groups of control variables. The first is 
individual characteristics, including age (age), sex (sex) and marital 
status (mst). The second includes the economic characteristic of 
income level (icl), and the third is social characteristics, covering 
social stratum (sst).

Mediating variables
To further explore the impact of the NRSPI on the physical and 

mental health of the rural older adult, this study references Wu et al. 
(52), introducing mediating variables of social, life and spiritual levels 
and setting medical services (msv), food acquisition ( fas) and 
recreational activities (rac) as mediating variables to examine how the 
NRSPI affects health status based on these variables.

Data sources

This study takes the rural older adult in China as the research 
sample, and micro-data employed are from the 2015 and 2018 
CHARLS conducted by the National Development Research Institute 

of Peking University and implemented by the China Social Science 
Survey Centre. The main reason for choosing this database is its 
alignment with international experience, including the United States 
Health and Retirement Survey, the British Longitudinal Ageing 
Survey and the European Health, Ageing and Retirement Survey 
(SHARE) and pioneering electronic mapping software 
(CHARLS-GIS) technology, using a mapping method which 
produces village-level sampling frames. The samples cover more 
than 150 county-level units and 450 community-(village) level units 
in 28 provinces (autonomous regions and municipalities) across 
China, representing 19,000 respondents and 12,400 households. 
These data are high-quality and provide micro-level information on 
households and individuals of middle-age and older adult people 
aged 45 and above. In order to obtain the net effect of NRSPI, this 
study separates NRSPI from other types of pension or pension 
insurance, and further screens the samples, excluding individuals 
who had participated in the Old rural social pension insurance 
before 2009 and had retired and enjoyed pension or pension in 2009. 
In addition, in order to study the impact of NRSPI on the health 
status of the rural older adult, this paper only selects the rural older 
adult aged 60 and over in the sample, and the age distribution 
between the samples is relatively concentrated. The effect of age 
segmentation on the regression results is not significant, so the 
urban–rural distribution and age segmentation are eliminated from 
the individual characteristics. The final analysis data contains 1,660 
samples. At the same time, according to the needs of the robustness 
test part, this paper synthesizes the CHARLS 2015 and 2018 survey 
data into panel data for the PSM-DID test.

TABLE 2 Mental health right weight table.

First grade indexes Second index Weight Third grade indexes Weight

Mental health

Life self-evaluation 

satisfaction
1/3

Overall, are you satisfied with your life 0.3333

MMS Memory 1 (10 questions) 0.0192

MMS Memory 2 (10 questions) 0.0152

MMS Memory 3 (10 questions) 0.015

Cognitive scale 1/3

MMS Directional force 1 0.0557

MMS Directional force 2 0.0047

MMS Directional force 3 0.0513

MMS Basic cognition 1 0.0539

MMS Basic cognition 2 0.0560

MMS Basic cognition 3 0.0156

MMS Basic cognition 4 0.0467

Depression scale 1/3

I’m troubled by some small things 0.0323

It is difficult for me to concentrate when doing things. 0.0297

I’m feeling down. 0.0293

I find it hard to do anything. 0.0278

I am full of hope for the future 0.0214

I feel afraid 0.0579

My sleep is not good 0.0278

I am very happy 0.0140

I feel lonely. 0.0436

I feel like I can’t go on with my life 0.0496
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Descriptive statistics

Table 1 presents the descriptive statistical analysis results of the 
main variables. The explanatory variable used examines whether the 
respondent participated in the NRSPI, with an average of 0.761. The 
purchase rate, implementation and participation effect of the NRSPI 
can be directly quantified using the CHARLS (2018) survey data. The 
explained variables include self-reported health evaluation, mental 
health and physical health, which are all ordered categorical variables 
with values of 1–5, and the mean values are 3.092, 3.587 and 3.255, 
respectively.

Empirical results and additional tests

Benchmark regression results

This study adopts a step-wise regression analysis method. 
Columns (2) and (3) of Table 3 present the regression results using 
self-reported health evaluation as the explained variable, columns 
(4) and (5) present the regression results using mental health as the 
explained variable and columns (6) and (7) present the regression 
results using physical health as the explained variable. Columns (2) 
and (6) of Table 3 reveal that the NRSPI has a significant positive 
impact on the self-reported health evaluation and physical health of 
the rural older adult at the 1% level. The rural older adult who 
benefit from the NRSPI exhibit improved self-reported health 
evaluation and physical health compared with those who do not 
participate in the NRSPI. The impact coefficient of the NRSPI on the 
self-reported health evaluation and physical health of the rural older 
adult decreases after introducing control variables but remains 
significantly positive. This demonstrates that the NRSPI improves 
the economic circumstances of the rural older adult and increases 
the variety of food acquisition and medical service expenditure, 
which improves physical health. Individuals in similar physical 
condition with more income channels have sufficient social support 
and more optimistic self-reported health evaluation due to higher 
overall income, which has a positive impact on self-reported health 
evaluation and physical health (3, 8, 26). Notably, the regression 
results show that although the influence coefficient of the NRSPI on 
mental health is positive, it is not significant, indicating that the 

NRSPI exerts a minimal positive impact on the mental health of the 
rural older adult. The relatively stable pension can mitigate financial 
worries and increase leisure and entertainment activities to elicit 
optimistic attitudes and alleviate the depression of the rural older 
adult. It also reduces the inter-generational support and spiritual 
comfort of children, which is cited as the primary reason the mental 
health problems of the insured rural older adult remain prominent. 
The regression results also verify the conclusions of the existing 
literature (43–45). Hypothesis 1 is verified.

Heterogeneity analyses

Influenced by historical factors, traditional concepts and physical 
characteristics, considerable differences are evident in the social and 
economic status of rural older adult groups of different genders, which 
affect health status. This study examines the impact of the NRSPI on 
the physical and mental health of rural older adult men and women. 
The regression results in Table 4 indicate that the impact of the NRSPI 
on the health of the rural older adult of different genders is 
simultaneously consistent and diverse. The NRSPI has a significant 
impact on the self-reported health evaluation of older adult rural 
males and females at the 1% level, revealing that older adult males and 
females who participate in the NRSPI have higher self-reported health 
evaluation than those who do not participate. In addition, the NRSPI 
has a significant impact on the physical health of rural older adult 
females, but the impact on males is not significant. The rationale for 
this difference may be  the considerable differences in the social 
economy between older adult males and females in rural areas and 
notable differences in the timeliness and feasibility of older adult care 
and medical treatment for older adult males and females. The above 
heterogeneity analysis results also prove the reliability of the previous 
analysis (27, 32). In addition, as with previous findings, the impact of 
the NRSPI on the mental health of rural older adult men and women 
is not significant.

Mediating effect test

To explore whether the NRSPI can promote the health status of 
the rural older adult population through mediating variables, this 

TABLE 3 Logistic regression results.

Variable name Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

sfe sfe mth mth psh psh

nrspi 0.126*** (3.17) 0.017*** (3.21) 0.149 (1.44) 0.004 (0.06) 0.119*** (4.13) 0.012** (2.07)

age −0.024** (−2.23) −0.043 (−0.04) −0.027***(−3.92)

sex 0.326** (2.42) 0.217** (2.31) 0.362*** (3.98)

mst 0.122 (1.14) 0.096** (2.36) 0.117 (1.19)

icl 0.118*** (3.42) 0.144*** (3.16) 0.209*** (4.07)

sst 0.091*** (3.26) 0.116*** (3.98) 0.094*** (3.37)

N 1,660 1,660 1,660 1,660 1,660 1,660

Pseudo R2 0.0108 0.0367 0.0112 0.0574 0.0116 0.0397

*, **, *** are significant at the levels of 10%, 5%, and 1%, respectively, and the corresponding t values are in parentheses.
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paper empirically tests the role of medical services, food acquisition 
and recreational activities applying a step-wise regression method. 
Column (2) of Tables 5–7 presents the respective regression results for 
medical services, food acquisition and recreational activities as 
mediating variables in Eq. 4. The results reveal that the coefficients of 
the NRSPI are significantly positive at the 1% level, indicating that 
medical services, food acquisition and recreational activities have 
mediating effects on the NRSPI.

This paper further regresses the Eqs 5–7, presenting the results in 
columns (2–4) of Tables 5–7. After introducing the three mediating 
variables, the coefficient of the NRSPI on self-reported health 
evaluation and physical health remain significantly positive, and the 
coefficient of mental health is positive but not significant. The 
regression results demonstrate that the NRSPI has improved rural 
older adult population health by strengthening medical services, 
enriching the types of food acquisition and increasing the amount of 
leisure and recreational activities enjoyed. A possible rationale is that 
the NRSPI provides stable pension income for the insured rural older 
adult and encourages them to use this income to increase the variety 
of food intake and medical services in daily life, which improves 
dietary balance and nutritional intake, reducing the probability of 
illness, improving self-care ability and promoting the improvement of 
physical health. In addition, pension income also reduces the labour 
participation time of the insured older adult, increases participation 

in social recreational activities, reduces the concerns about old age, 
improves life satisfaction and improves mental health, resulting in 
more optimistic self-reported health evaluations. Hypotheses 2 and 3 
are confirmed.

Moderating effect test

Older adult health is a complex and evolving challenge. Compared 
with the urban older adult, the health risks of the rural older adult are 
affected by multiple factors with mutual influences between the related 
dimensions. For example, the older adult with good mental health are 
capable of improving physical health, while those with poor physical 
health are more likely to have low psychological dispositions or 
pessimistic attitudes towards life. Therefore, when the health status of 
the older adult in a single dimension is problematic, the probability 
that in other dimensions falling into risk will inevitably increase. To 
control the NRSPI, control variables and mediating variables, this 
study empirically tests the moderating effect of the NRSPI on the 
physical and mental health of the rural older adult as shown in Table 8.

The results of the regression model indicate that the physical 
health of the rural older adult has a significant positive effect on 
mental health, which was verified in the three regression models. In 
the model progressively introducing the NRSPI, control variables and 

TABLE 4 Heterogeneity regression results.

Variable name Male older adult Female older adult

Model 7a Model 7b Model 7c Model 8a Model 8b Model 8c

sfe mth psh sfe mth psh

nrspi 0.059*** (3.46) 0.097 (0.62) 0.154 (0.93) 0.015*** (3.12) 0.098 (0.67) 0.056*** (3.34)

age −0.025*** (−3.61) −0.006 (−0.68) −0.018** (−2.21) −0.017** (−2.12) 0.037** (2.43) 0.037*** (3.64)

mst −0.237 (−1.44) −0.078 (0.41) −0.336** (−2.03) 0.037* (1.76) 0.094*** (4.63) 0.013 (0.17)

icl 0.542*** (3.97) 0.106*** (3.63) 0.157*** (4.54) 0.244*** (2.73) 0.278*** (2.61) 0.343*** (3.68)

sst 0.126*** (2.94) 0.122*** (2.78) 0.096*** (3.14) 0.068*** (3.67) 0.124*** (2.84) 0.113*** (2.76)

N 800 800 800 860 860 860

Pseudo R2 0.0423 0.0567 0.0368 0.0304 0.0565 0.0391

*, **, *** are significant at the levels of 10%, 5%, and 1%, respectively, and the corresponding t values are in parentheses.

TABLE 5 The mediating effect test of medical services.

Variable name Model 4 Model 5 Model 6 Model 7

msv sfe mth psh

nrspi 0.227*** (3.19) 0.014*** (3.17) 0.011 (1.06) 0.008** (2.13)

msv 0.089** (2.14) 0.757*** (3.56) 0.365** (2.43)

age −0.032* (−1.73) −0.022** (−2.21) −0.143 (−0.16) −0.019*** (−3.74)

sex 0.169*** (3.62) 0.372** (2.16) 0.231** (2.42) 0.372*** (2.97)

mst 0.132 (1.43) 0.171 (1.19) 0.092** (2.36) 0.126 (1.05)

icl 0.162*** (2.83) 0.117*** (3.53) 0.146*** (2.97) 0.201*** (4.12)

sst 0.167*** (2.68) 0.093*** (4.19) 0.119*** (3.94) 0.097*** (3.32)

N 1,660 1,660 1,660 1,660

Pseudo R2 0.0147 0.0428 0.0602 0.0413

*, **, *** are significant at the levels of 10%, 5%, and 1%, respectively, and the corresponding t values are in parentheses.
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mediating variables, the correlation of mental health with physical 
health for the older adult in rural areas is 1.237 times, 1.219 times and 
1.159 times that of the older adult with physical health challenges, and 
the NRSPI has a 7.8% moderating effect. In addition, the mental 
health of the rural older adult also exhibits a positive impact on 

physical health. In the full variable model, the correlation of physical 
health challenges with mental health is 1.004 times that of the rural 
older adult with mental health challenges, demonstrating that mental 
health has a certain transformative effect on physical health, where the 
NRSPI has a 10.7% adjustment effect.

TABLE 7 Test of the mediating effect of entertainment activities.

Variable name Model 4 Model 5 Model 6 Model 7

rac sfe mth psh

nrspi 0.531*** (4.02) 0.008** (2.09) 0.001 (0.17) 0.013*** (3.64)

rac 0.211*** (2.83) 0.136** (2.49) 0.053*** (4.17)

age −0.031*** (−3.42) −0.016*** (−3.73) −0.049 (−0.78) −0.027*** (−3.44)

sex 0.273*** (3.87) 0.326*** (3.46) 0.253** (2.38) 0.349*** (3.98)

mst 0.121 (1.32) 0.104 (1.13) 0.078** (2.41) 0.128 (1.17)

icl 0.236*** (4.07) 0.283*** (3.92) 0.152*** (2.87) 0.214*** (3.73)

sst 0.112*** (3.21) 0.081*** (2.87) 0.103*** (3.46) 0.069*** (3.74)

N 1,660 1,660 1,660 1,660

Pseudo R2 0.0141 0.0473 0.0602 0.0414

*, **, *** are significant at the levels of 10%, 5%, and 1%, respectively, and the corresponding t values are in parentheses.

TABLE 8 Regulating effect test.

Variable name Model 9a Model 9b Model 9c Model 10a Model 10b Model 10c

mth mth mth psh psh psh

nrspi Controlled Controlled Controlled Controlled Controlled Controlled

Control variable Controlled Controlled Controlled Controlled

Mediator variable Controlled Controlled

mth 1.113*** (3.64) 1.062*** (3.56) 1.006*** (3.37)

psh 1.238*** (2.83) 1.216*** (2.94) 1.157*** (2.62)

mth psh× 3.086*** (2.84) 3.094*** (2.97) 3.103*** (2.59) 3.526*** (3.03) 3.504*** (2.92) 3.481*** (2.87)

N 1,660 1,660 1,660 1,660 1,660 1,660

Pseudo R2 0.8452 0.8469 0.8487 0.9034 0.9041 0.9058

*, **, *** are significant at the levels of 10%, 5%, and 1%, respectively, and the corresponding t values are in parentheses.

TABLE 6 The mediating effect test of food acquisition.

Variable name Model 4 Model 5 Model 6 Model 7

fas sfe mth psh

nrspi 0.427*** (3.42) 0.015*** (3.05) 0.003 (0.05) 0.010** (2.05)

fas 0.017** (2.06) 0.004** (2.13) 0.174*** (3.91)

age −0.026 (−0.12) −0.031 (−0.69) −0.043 (−1.13) −0.036*** (−3.64)

sex 0.401** (2.33) 0.317** (2.12) 0.382** (2.41) 0.268*** (2.85)

mst 0.069** (2.14) 0.073** (2.17) 0.046** (2.48) 0.132 (1.49)

icl 0.127*** (3.13) 0.133*** (2.82) 0.188*** (2.69) 0.214*** (3.94)

sst 0.182*** (3.56) 0.134*** (3.17) 0.163*** (3.64) 0.089*** (3.89)

N 1,660 1,660 1,660 1,660

Pseudo R2 0.0153 0.0504 0.0618 0.0407

*, **, *** are significant at the levels of 10%, 5%, and 1%, respectively, and the corresponding t values are in parentheses.
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Robustness test

In this study, the use of multivariate ordinal logistic regression 
can largely control the endogenous bias caused by observable and 
unobservable variables, but it cannot effectively avoid the estimation 
bias caused by heterogeneity over time. Therefore, robustness tests 
are conducted to further confirm the reliability of the research 
results. First, before performing the difference-in-differences 
estimation (PSM-DID), it is usually necessary to perform a balanced 
trend test. The test methods include t-test method, graphical 
method, interaction term regression method and F-statistic method. 
In this paper, the t test method is used. Table 9 shows the parallel 
trend test of t test method, that is, when dealing with the data before 
the experiment, the processing variables and the research variables 
are tested. Because there is no significant difference, it shows that the 
parallel trend test is satisfied. At the same time, Table 9 also shows 
the results of the t-test between the post-processing variables and the 
explained variables. The t value shows a significant difference, 
indicating that there is a significant difference between the control 
group and the experimental group after the experiment. Second, this 
study uses the PSM-DID model to test the health impact of the 
NRSPI on the rural older adult by using the panel data from different 
years. The CHARLS 2015 and 2018 survey data are used to 
reconstruct the panel data for robustness testing. If the impact of 
NRSPI policy on the health of the rural older adult remains valid, 
this indicates that the benchmark empirical results are robust. 
Table 10 reveals that among the five models, the DID interaction 
coefficient and the regression coefficients of the three mediating 
variables remain significant, confirming that the benchmark results 
regarding the impact of NRSPI on the health of the rural older adult 
and the impact mechanisms are robust. In addition, this study uses 
the diff command in STATA software to test the previous results, 
revealing that the regression coefficient of the NRSPI on the health 

of the rural older adult remains significant at the 10% level, once 
again verifying that the benchmark results are robust.

Conclusions and recommendations

Based on 2015 and 2018 CHARLS survey data, this study applies 
the multivariate ordered logistic regression model to empirically 
analyse the impact of the NRSPI on the health of the rural older adult 
population, drawing four relevant conclusions.

 (1) The benchmark regression results demonstrate that the NRSPI 
has a positive impact on the health of China’s rural older adult. 
The NRSPI is significant at the 1% level and has a positive 
impact on the self-reported and physical health of the rural 
older adult. The impact of NRSPI on the mental health of the 
rural older adult is not significant but the coefficient is 
still positive.

 (2) The heterogeneity analysis results show that the NRSPI has a 
significant impact on the self-reported health of rural male and 
female older adult at the 1% level. In addition, the NRSPI has 
a significant impact on the physical health of rural female older 
adult respondents, while the impact on males is not significant. 
In addition, the impact of the NRSPI on the mental health of 
rural male and female older adult is not significant.

 (3) The mediating effect test results reveal that medical services, 
food access and entertainment activities have a mediating effect 
on the NRSPI. After introducing the three mediating variables, 
the coefficients of self-reported and physical health and the 
NRSPI remain significantly positive, and that of mental health 
is not significant but still positive.

 (4) The moderating effect test results indicate that the mental 
health and physical health of the rural older adult have a 

TABLE 9 T test.

Item Before After

Control Treated Diff t Control Treated Diff t

sfe 0.021 0.032 0.011 1.06 0.018 0.041 0.023 3.43

mth 0.008 0.012 0.004 1.12 0.003 0.009 0.006 1.98

psh 0.028 0.036 0.008 1.33 0.022 0.046 0.024 2.11

Control variable Controlled Controlled Controlled Controlled Controlled Controlled Controlled Controlled

TABLE 10 Robustness test.

Variable name Model 1 Model 2 Model 3 Model 4 Model 5

Treatment group × Year 0.032* (1.78) 0.028* (1.92) 0.027** (2.32) 0.026* (1.87) 0.024* (1.77)

Year 0.132*** (4.66) −0.116*** (3.26) 0.083*** (3.05) 0.067*** (3.54) 0.065*** (2.98)

msv 0.041*** (3.43) 0.046*** (4.21) 0.043*** (2.87)

rac 0.014*** (2.98) 0.016*** (3.12)

fas 0.008* (1.84)

Control variable Uncontrolled Controlled Controlled Controlled Controlled

R2 0.05 0.07 0.14 0.17 0.17

*, **, *** are significant at the levels of 10%, 5%, and 1%, respectively, and the corresponding t values are in parentheses.
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certain transformative effect. In the model progressively 
introducing the NRSPI, control variables and mediating 
variables, the NRSPI adjusted 7.8% of the effect of physical 
health on mental health and 10.7% of the effect of mental 
health on physical health.

Under the background of Healthy China strategy implementation, 
this study proposes the following three suggestions to advance the 
system of healthy old-age care for the rural older adult population 
based on the empirical results.

 (1) Improve the coverage of the NRSPI. Although the NRSPI 
has achieved the goal of wide coverage, the implementation 
of the family-bundled insurance policy and personal 
payments for the NRSPI increasing annually results in a 
considerable number of rural older adult people being 
omitted by the system, some of whom have even given up 
and are unable to obtain the protection of healthy old-age 
care. Accordingly, the government should gradually phase 
out the family bundling policy and reasonably optimise the 
personal payments required by the NRSPI. A social pension 
service system with government support and diversified 
development should be strategically targeted in relation to 
the unique economic incomes and personal pension needs 
of the rural older adult, continuing to expand the coverage 
of the NRSPI and solidly promoting the full participation of 
the rural older adult population.

 (2) Moderately improve the level of NRSPI benefits and improve 
the dynamic adjustment system. China established the NRSPI 
system to cover the whole country, which has an important role 
in ensuring the lives and health of the older adult in rural areas. 
However, the basic pension of the NRSPI implemented in 2009 
was 55 yuan per month, while the basic pension of the new 
rural insurance after its merger in 2015 was only raised to 70 
yuan per month. Overall, the financial support provided by the 
NRSPI remains relatively low, restricting the potential effects 
of the NRSPI system on improving the lives and health of the 
rural older adult. Consequently, the government should 
continue to improve the dynamic adjustment mechanism of 
the NRSPI on the basis of government expenditure, establish a 
rational growth mechanism between the basic old-age 
insurance fund and the consumer index, improve the level of 
pension treatment and gradually narrow the gap between the 
treatment of urban and rural residents so that NRSPI can 
effectively protect the basic lives and health of the rural older 
adult. The positive role of the NRSPI will further expand the 
beneficiaries of this new insurance programme and increase 
the benefits for the rural older adult.

 (3) Prioritise guiding the rural older adult to participate in the 
NRSPI and strengthen the publicity and guidance towards 
healthy lifestyles. By increasing social activities such as medical 
services, leisure and entertainment and improving the variety 
of food access and dietary balance, public leaders can improve 
rural older adult population health and enrich and improve the 
rural older adult’s sense of belonging and achievement to 
maintain their positive and optimistic attitudes and health 
status and maximise the role of the NRSPI in advancing healthy 
lifestyles among the rural older adult.

 (4) Initiate the development of emotional support systems in rural 
old-age services. With the gradual improvement of China’s 
socialised old-age care system, social subjects can be stimulated 
to support and care for the older adult in rural areas through 
publicity and education, establishing a social atmosphere that 
respects and helps the older adult in rural areas and mitigates 
loneliness, tension and a lack of belonging, forming a society 
that values and cares for the older adult in rural areas, 
improving their well-being and sense of security and improving 
their physical and mental health.
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New rural pension scheme, 
intergenerational interaction and 
rural family human capital 
investments
Lujie Fan † and Jing Hua *†

School of Economics and Management, Ningxia University, Yinchuan, China

Introduction: The new rural pension scheme (NRPS) can improve the quality of 
life for rural older adult individuals; however, can it have a spillover effect on rural 
household human capital investments through intergenerational interactions?

Methods: Based on data from the China Family Panel Studies (CFPS) in 2010, 2012, 
2014, 2016, and 2018 and from the perspective of intergenerational interactions, 
the spillover effect and influencing mechanism of the new rural insurance policy 
on rural household human capital investments are empirically tested.

Results: The results show that the participation of families in the new rural insurance 
policy can significantly promote the human capital investments of rural families, and 
they are robust. Moreover, the spillover effect of this new policy is significantly different 
due to the gender, insurance phase, and family income of the insured. Through 
intergenerational interactions, the new rural insurance policy has an impact on the 
human capital investments of rural families from the material level of intergenerational 
economic support, housework and childcare for children and the nonmaterial level of 
old-age care cognition.

Discussion: Therefore, continuing to promote the coverage of the new rural 
insurance policy and scientifically improving rural social security through publicity and 
education to promote benign intergenerational family interactions can improve the 
accumulation of human capital in rural areas.

KEYWORDS

new rural pension scheme, spillover effect, intergenerational interaction, rural family, 
human capital investment

1. Introduction

Human capital is an important driver of rural revitalization, among which education is the most 
important channel for human capital formation and accumulation (1). Education is of great 
significance for improving individuals’ abilities, increasing family welfare and promoting rural 
economic growth. The 20th report of the Communist Party of China also clearly proposed building 
a high-quality education system, accelerating the high-quality development of compulsory education 
and optimizing the allocation of regional educational resources. Faced with the current disparity 
between urban and rural public education investments and resource allocations in China, optimizing 
rural family human capital investments is said to be an important issue for some time to come. At 
the same time, given the transformation of China’s demographic structure, the life expectancy of older 
adult individuals has been extended, and the modern family structure of three or even four 
generations exists generally, aggravating the burden on family pensions. In this context, to ensure the 
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basic livelihood of older adult rural residents, the State Council issued the 
Guiding Opinions on Carrying out the Pilot Project of the new rural 
social pension insurance policy in 2009 and started its pilot 
implementation. The pilot covers rural residents who do not participate 
in urban employee endowment insurance. The new rural pension scheme 
was officially implemented nationwide in 2012 (2). On the one hand, the 
implementation of a new rural pension insurance program can increase 
the disposable income of older adult individuals, reduce future 
uncertainty, and improve living conditions. On the other hand, as the 
basic unit of individual life, the family has an obvious two-way feedback 
and intergenerational relationship. New rural pension insurance 
programs have a certain spillover effect on the family and even society 
while satisfying the needs of older adult individuals themselves. In 
addition, due to the dual influence of traditional Chinese family ethics 
and the reality of childcare security, family intergenerational interaction 
behaviour and intergenerational caregiving have become common 
phenomena in Chinese society, especially in poor areas. Such caregiving 
implies two-way intergenerational economic support, caregiving support 
and emotional support, which contribute to the formation of adhesive 
intergenerational relationships among family members (3, 4). Then, due 
to intergenerational reciprocity behaviour and altruistic motivations, rural 
older adult individuals tend to choose the reciprocal family equilibrium 
relationship of give-and-reward to encourage their children to take care 
of them. In this way, while improving the welfare of older adult 
individuals, will the new rural pension insurance program have a spillover 
effect and thus impact family intergenerational interaction behaviour? 
We explore the impact of the implementation of a new rural pension 
scheme on the human capital investments of rural households from the 
perspective of intergenerational interactions, verify the spillover effect of 
this scheme at the empirical level using data from China Family Panel 
Studies (CFPS) in 2010, 2012, 2014, 2016, and 2018, and engage in an 
in-depth examination of the long-term impact of this scheme on 
households’ human capital investments. We  explore the impact 
mechanism of intergenerational interaction at the material and immaterial 
levels to better understand the relationship between the new rural pension 
scheme and the human capital investments of rural households, improve 
the old-age security system under demographic changes, and make better 
use of intergenerational family interactions to optimize the allocation of 
family resources.

2. Literature review

Human capital is an important driving force for high-quality 
economic development, and the factors affecting the level of human 
capital investments have been the focus of scholars at home and 
abroad. In previous studies, the factors affecting household human 
capital investments mainly include household input from a micro 
perspective and government public input from a macro perspective 
(5). At the household level, household wealth, such as household 
income level, housing wealth and land endowment, and household 
personality characteristics household characteristics, such as 
education expectations, family size, parents’ education level and 
household demographic structure, are the main influencing factors of 
household human capital investments.

At the microhousehold level, the probability and intensity of 
household human capital investments are closely related to family 
wealth status (6, 7). It has basically become a social consensus that 
income inequality leads to educational inequality (8). Housing wealth 
has a significantly positive impact on family investments in education 
(9). Land transfers can increase families’ attention to children’s 
education and the nonagricultural employment of rural residents, thus 
increasing family investments in human capital and ultimately 
promoting the accumulation of the human capital of rural teenagers 
(10). In addition to family wealth, factors such as increased educational 
expectations, family size, and parents’ educational level affect the level 
and probability of family education expenditures (11). Mothers’ 
ambitions and education level are related to children’s education 
expenditures to a certain extent, and ambition is a channel for 
intergenerational mobility (12, 13). Family size is associated with 
family human capital (14). Regarding the family demographic 
structure, grandparents affect the educational process of offspring 
through the specific role they assume in the family (15). There is a 
crowding-out effect of both the burden of old-age care and the burden 
of child support on household human capital investments (16). At the 
macro social level, government support for education is also a major 
determinant of household investments in human capital (17). But 
there are three forms of correlations – substitution, complementarity, 
and no statistical correlation – between public education financial 
investments and household education expenditures, and the findings 
of the current study are still controversial (18).

Among the above factors affecting household human capital 
investments, household wealth is a major influencing factor, and 
pension insurance is currently an important source of income for 
older adult individuals in households (19). The new rural insurance, 
as the main endowment insurance in rural areas, has been 
implemented since the pilot implementation of the new rural pension 
scheme in 2009. Some scholars have started to study the effect of the 
policy. The existing policy evaluation has not only focused on older 
adult individuals who receive the new rural pension scheme but has 
also extensively studied the spillover effect of the policy. On the one 
hand, improvements in the welfare of older adult individuals by the 
new rural pension scheme is mainly reflected in health status, 
economic income, mental health and other aspects (20). In the context 
of universal health insurance, pensions can encourage low-income 
people to use outpatient and inpatient services and older adult 
individuals to use preventive health care to obtain timely treatment 
and promote public health (21, 22). Regarding socioeconomic status, 
improvements in social welfare is conducive to enhancing the financial 
satisfaction and quality of life of older adult individuals (23). From the 
perspective of mental health, increasing the pension can improve the 
mental health problems caused by depressive symptoms and 
depression by improving confidence in the future (24). On the other 
hand, there are also certain spillover effects of the new rural pension 
scheme in the areas of labour supply, land, and children’s health. The 
scheme can increase the labour supply of offspring, accelerate the 
transformation of the rural labour population structure, push more 
efficient production factors into the market (2), promote the increase 
in labour supply of groups with high labour supply, and inhibit the 
labour supply of groups with low labour supply (25). Moreover, while 
improving the welfare of older adult individuals and reducing their 
demand for agricultural labour, the scheme weakens the function of 
land security and accelerates land circulation (26). In this process, the Abbreviations: CFPS, China family panel studies; NRPS, new rural pension scheme.
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new rural pension scheme plays the role of a catalyst for transforming 
the rural economic development model (27). In addition, the Chinese 
family, as a basic living unit, redistributes resources within the family, 
which can increase the transfer payments and care of older adult 
individuals to their grandchildren and improve children’s health 
through the influence of intergenerational interactions (28). Social 
security payments as a source of exogenous changes in family income 
have an impact on children’s enrolment (29, 30).

In summary, scholars at home and abroad have studied the 
influencing factors of household human capital investments and the 
multidimensional effects of new rural pension schemes. However, 
most of the literature has focused on the impact of the policy on land, 
the health of older adult individuals, labour supply, children’s health 
and other family aspects, while studies related to the microwelfare of 
household human capital with education as the main feature are still 
limited. In long-term interdependent family systems, older adult 
individuals and grandchildren of many families live together. In this 
context, the relationship between the new rural pension scheme and 
family human capital investments is an important research topic for 
current family and even social development. There is a lack of 
research in the literature on the human capital investments of rural 
households under the new rural pension scheme, and the underlying 
mechanisms of intergenerational interactions have not been explored 
in depth. Compared with the literature, the main contributions of this 
paper are as follows. (1) Combined with the particularity of China’s 
family culture and the ageing of society, we set control variables from 
different dimensions, such as household head and family 
characteristics, study the impact of the new rural pension scheme on 
rural family human capital investments, and deeply analyse the 
spillover effect of the policy. (2) We provide a comprehensive analysis 
of the differential impact of the policy on household educational 
inputs in terms of gender of the household head, stage of participation 
and economic status. (3) From the innovative perspective of 
intergenerational interactions, we analyse at a deeper level the impact 
mechanism of the new rural pension scheme on family human capital 
investments from the material level of care inputs and 
intergenerational economic support and the nonmaterial level of old 
age and education cognition to provide a reference for making 
decisions that promote human capital investments of rural families 
in China.

3. Research hypothesis and analytical 
framework

The problems of an ageing population and a shortage of young 
labourers in rural areas are becoming increasingly prominent. In the 
context of China’s comprehensive implementation of rural 
revitalization, human capital accumulation is increasingly important. 
Investments in education, as an effective means of human capital 
appreciation, is of great significance to the future economic growth of 
rural areas. At present, rural education resources are relatively scarce 
compared to those of urban areas; therefore, in addition to focusing 
on the impact of public education investments on human capital, 
we  can also pay attention to the spillover effect of noneducation 
policies on human capital investments. It has been shown that the new 
rural pension scheme not only enhances the well-being of the rural 
older adult themselves but also has an impact on household education 

expenditures, children’s health, land transfers, children’s labour time 
and so on.

In many developing countries, pensions, as fiscal transfer 
payments with the nature of welfare expenditures, are often 
independent of people’s incomes. Pensions undoubtedly provide 
stable, exogenous incomes for many families (31), which helps 
enhance households’ wealth levels. In rural areas, pensions are 
important incomes of households, especially for older individuals with 
limited sources of income. A higher income level is conducive to 
improving living conditions, enriching spiritual life and promoting 
physical and mental health (32). In addition, the economic level is an 
important dimension to measure the family’s socioeconomic status, 
and the extra income from a pension improves the family’s economic 
level. The higher the socioeconomic status of the family is, the more it 
invests in the education of the next generation, and the more it is 
conducive to the accumulation of human capital for family education. 
Therefore, the new rural pension scheme not only contributes to the 
direct improvement of individual welfare status but also changes the 
family’s educational decision and enhances the total family investment 
in children’s education in terms of indirect effects (33). Based on the 
above analysis, the following hypothesis is proposed:

H1: The new rural pension scheme has a significant positive 
impact on the human capital investment of rural households.

According to relevant studies, intergenerational interaction is a 
collective term for positive behaviours, such as communication, 
resource sharing, and mutual support among multiple generations 
possessing kinship, including intergenerational mutual assistance and 
exchange of economic, goods, and labour services, as well as the 
comprehension of different generations regarding lifestyle and values 
(34). We divide intergenerational interaction behaviour into two parts: 
intergenerational economic support and life care at the material level 
and old-age cognition and education cognition at the nonmaterial level.

Intergenerational interactions at the material level, such as family 
financial support and life care, have become normal in rural areas of 
China. Family pensions through intergenerational economic support 
originally represented the traditional filial piety ethics in rural areas. 
However, with the ageing of China’s population, intergenerational 
transfer payments to support parents have become a serious economic 
burden for only children. Given the continuous improvements in the 
social security system, the burden, risk and uncertainty of family 
pensions are gradually weakening, and the underwriting protection of 
pension insurance is an important substitute for family pensions. The 
social pension security mechanism represented by the new rural 
pension scheme has become an important alternative resource for 
rural family pensions and allows parents to receive public transfer 
payments and improve their living economic situations, thus reducing 
the burden of children’s pensions and family economic burden (35). 
To a certain extent, this mechanism can also increase the care of older 
adult individuals for their children’s families and children and ease the 
pressure on young adults’ lives. In addition, when the wealth level of 
older adult individuals increases, due to the reciprocity of family 
members, more intergenerational support of children comes from life 
care, irregular visits and spiritual comfort, alleviating older adult 
individuals’ anxiety caused by emotional losses and pension problems. 
Given the reduction in family pension transfer payments, family 
decision makers make rational decisions to support older adult 
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individuals and invest in education under certain budget constraints. 
Moreover, benign intergenerational interactions are conducive to the 
internal flow of resources so that the spillover effect can be brought 
into play. These interactions alleviate a certain percentage of household 
pension expenditures and increase the share of investments in 
education for the care of young children (36). Based on this, the 
following hypothesis is proposed:

H2: New rural pension schemes facilitate the internal flow of 
resources through benign intergenerational economic support 
and care inputs at the material level, which benefit families' 
investments in children's education.

In rural China, the idea of passing on the family line and raising 
children for old age is deeply rooted; therefore, the intergenerational 
interaction of family care is common in the family unit. In recent 
years, the establishment of and improvements in the social security 
system have been continuously deepened, and some direct or indirect 
economic incentives have had a certain impact on intergenerational 
interactions and traditional concepts. Not only does it have a substitute 
effect on family pensions but also it is a change in the concept of 
raising children and passing on the family. The implementation of the 
new rural pension scheme has alleviated the worries of older adult 
individuals in terms of pensions and has a better vision of their 
pension expectations. Therefore, Given the basic satisfaction of 
material conditions, older adult individuals are more likely to pursue 
nonmaterial emotional needs, which may generate additional 
expectations for the next generation, such as expectations for the 
future development of their children (37). Compared with the current 
pursuit of the number of children in rural areas, many families have 
started to pay more attention to the quality of their offspring given an 
increase in social public welfare. Based on the above analysis, 
we propose the following hypothesis (see Figure 1):

H3: New rural pension schemes change traditional pension 
cognition, raise the importance of education, and further improve 
the family human capital investment level.

4. Methods

4.1. Data sources

In this paper, data from the China Family Panel Studies (CFPS) 
organized and implemented by the China Social Science Survey 
Center of Peking University are used as the dataset for the empirical 
research, covering the basic information of 16,000 households and 
individuals in 25 provinces/municipalities/autonomous regions. 
This dataset reflects social, economic, demographic, educational, 
and health changes in China. The database provides comprehensive 
and detailed data for the empirical study. In order to safeguard the 
basic livelihood of the older adult, ease the pressure on families to 
support them, and solve the problem of “providing for the older 
adult,” China issued the Guiding Opinions on the Pilot Project of 
New Rural Pension Scheme on 1 September 2009, exploring the 
establishment of a New Rural Pension Insurance system that 
combines individual contributions, collective subsidies and 
government subsidies. The policy was piloted in 10 percent of the 
country’s counties in 2009, expanded to 23 percent of the counties 
in 2010, and fully rolled out in 2012. Within the scope of the pilot 
programme, people aged 60 and over who are not covered by urban 
basic pension insurance and who have a rural household 
registration do not have to pay and can receive a monthly pension. 
Rural residents between the ages of 16 and 59 (excluding 
schoolchildren) who are not covered by urban basic pension 
insurance can participate in the NRPS by making contributions for 
a cumulative total of 15 years, and receive a monthly pension when 
they reach the age of 60. Those who have less than 15 years away 
from pensionable age can also receive pension by making annual 
contributions or supplementary contributions. Pensions consist of 
a basic pension and a personal account pension. The nationally 
determined basic pension rate was 55 yuan per person per month 
in 2009, increasing to 70 yuan in 2012, 88 yuan in 2014, and 93 
yuan in 2020. Individual account pensions are paid on a monthly 
basis, at a rate of 139 per person, divided by the total amount stored 
in the individual account.

H1

New
rural 

pension 
scheme

  
 

Increase disposable income 
Reduce family retirement burden

Reduce labour supply
Increase leisure time for older adult

Change traditional concept 
Reduce future uncertainty  

Change in psychological expectations 
Increase additional expectations

Intergenerational 
interactions

H2: material level

H3: nonmaterial level

 Intergenerational financial 
support provided by children

Child care and household 
chores for children

Ageing cognition: from 
traditional to modern

Education cognition: from 
quantitative to qualitative

Rural family 
human 
capital 

Investments 

FIGURE 1

The effect mechanism of the new rural pension scheme on household human capital investments.
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We use panel data synthesised from 2010, 2012, 2014, 2016, and 
2018. To accurately measure the impact of the new rural pension 
scheme on family human capital investments, we  first exclude 
individuals and families who receive a pension and have old rural 
insurance, supplementary endowment insurance and other 
endowment insurance in the data. After that, according to the 
participation rules of the new rural pension insurance program, 
samples with an urban household registration are eliminated. And 
to study the spillover effects of the full coverage of the new rural 
pension insurance program in 2012, the sample that had participated 
in the insurance in 2010 was excluded. Next, the study sample was 
restricted to rural households with three or more generations to 
ensure that these households had both older adult individuals who 
might receive new rural pension insurance and children who were 
in school. Finally, the database was matched to remove missing 
values and abnormal data, resulting in a valid sample of 10,540. In 
addition, due to the missing intermediate mechanism variables 
required in the three years of data from 2012, 2014, and 2016, the 
paper uses two periods of data from CFPS 2010 and 2018 to discuss 
the intrinsic mechanism of action between the new rural pension 
insurance program and rural family human capital investments (see 
Figure 2).

4.2. Variable selection and descriptive 
statistics

4.2.1. Explained variable
In this paper, we  use total family education expenditures to 

measure the explained variable family human capital investment. This 
is captured by the household question, “How much did your family 
spend on education in the past 12 months?” (38).

4.2.2. Core explanatory variables
In this paper, the core explanatory variable is the insurance 

participation behaviour of rural households. Specifically, households 
with individuals participating in or receiving a new rural pension 
scheme are regarded as the individual’s family to participate in pension 
insurance. The responses to the question of “participation items” were 
selected, the number of households choosing the new rural pension 
scheme was set to 1, and the rest of the choices were set to 0. To 
prevent the sample results from being influenced by other insurance 
items, we only take the sample of farmers who have participated in 
new rural pension insurance programs and those who have not 
participated in any pension insurance program. It should be noted 
that in the CFPS questionnaire in 2010, there is no option for a new 
rural pension scheme as an endowment insurance project. Therefore, 
we use the response to “when did you join new rural pension scheme” 
in the 2012 personal database to judge whether the 2010 sample 
participated in the program (39).

4.2.3. Intermediate mechanism variables
To test the mechanism of the impact of the new rural pension 

scheme on the human capital investments of rural households from 
the perspective of intergenerational interactions, based on the 
previous analysis and combined with data availability, we  use 
intergenerational interaction as an intermediate mechanism variable. 
Specifically, care input and intergenerational economic support at the 
material level. as well as old-age cognition and education cognition at 
the nonmaterial level, are selected as intergenerational interactions for 
the mechanism test.

4.2.4. Control variables
Combining data availability and following the principle of 

exogeneity, control variables were selected at the individual and family 
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FIGURE 2

Schematic of sample selection.
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levels, including household size, household per capita income, and 
household savings rate at the household level and gender, years of 
education, marriage, and health status of the participants at the 
individual level.

The descriptive statistical results of the main variables are shown 
in Table 1.

Table 1 shows that the current participation rate in the new rural 
pension scheme is relatively low, and there is room for the further 
release of the popularity of pension insurance. Family expenditure on 
education is rising year by year, which shows that families are 
attaching greater importance to it. Regarding household demographic 

structure, most rural families have five or six members and there are 
relatively more families living with the older adult and children. 
Regarding family background, the majority of the household heads in 
rural areas are male, and the health status of the household heads is 
generally good and job opportunities are also increasing. However, 
their educational background is generally poor, indicating that the 
existing educational level of residents in rural areas is still low and that 
it is necessary to study human capital investments in rural households 
to facilitate the understanding of the importance of families, 
government and society to children’s education and improve 
such education.

TABLE 1 Description of main variables and descriptive statistical analysis.

Year 2010 2012 2014 2016 2018

Variable Variable 
description

Mean SD Mean SD Mean SD Mean SD Mean SD

Explained variable

Total education 

expenditure

Total family 

educational 

expenses (in 

Chinese yuan), 

logarithmically

4.673 3.759 4.695 3.827 4.933 3.903 5.543 3.849 5.744 3.841

Per capita 

education 

expenditure

Average 

educational 

expenses per 

child (in Chinese 

yuan), 

logarithmically

4.288 3.493 4.398 3.617 4.629 3.691 5.203 3.646 5.378 3.626

Explanatory variable

Household 

participation

Household 

participating in 

new rural 

pension scheme 

is set to 1 and 0 

otherwise

0 0 0.658 0.474 0.816 0.388 0.632 0.482 0.611 0.488

Head of 

household 

participation

Household head 

participating in 

the new rural 

pension scheme 

is set to 1 and 0 

otherwise

0 0 0.532 0.499 0.691 0.462 0.478 0.5 0.459 0.498

Household head characteristics

Gender

Household head 

is set to 1 for 

male and 0 for 

female

0.836 0.370 0.626 0.484 0.570 0.495 0.555 0.497 0.540 0.499

Marriage

Household head 

has a spouse set 

to 1 and no 

spouse set to 0

1 0 0.929 0.257 0.924 0.265 0.913 0.282 0.904 0.294

Education level

Household head 

years of 

education

6.566 3.814 5.805 4.417 6.077 4.073 6.277 4.087 6.636 4.072

(Continued)
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TABLE 1 (Continued)

Year 2010 2012 2014 2016 2018

Variable Variable 
description

Mean SD Mean SD Mean SD Mean SD Mean SD

Health

Physical 

condition of 

household head, 

1 → 5 unhealthy 

→ healthy

4.178 1.029 2.797 1.227 2.974 1.269 2.886 1.253 2.869 1.262

Work

Set to 1 if 

household head 

is employed, set 

to 0 if no 

employment or 

retirement

0.673 0.469 0.864 0.343 0.856 0.351 0.831 0.375 0.829 0.376

Household characteristics

Filial piety

Whether children 

are responsible 

for caring for 

their parents 

when they are 

sick

0.127 0.332 0.123 0.328 0.137 0.344 0.167 0.373 0.144 0.351

Family Size
Total number of 

family members
5.495 0.948 5.177 0.912 5.215 0.929 5.190 0.944 5.251 0.929

Household per 

capita income

Household’s 

income per capita 

(in Chinese 

yuan)

4575.925 4393.318 7999.669 7890.458 8898.464 7774.319 11354.676 9185.234 12720.736 9971.503

Household 

savings rate

Total household 

savings as a 

proportion of 

income

0.183 0.967 1.973 15.595 1.028 16.694 0.607 9.338 0.476 2.014

Household health 

care expenditure

Household 

expenditures on 

health care (in 

Chinese yuan) 

taken as a 

logarithm

6.324 2.509 7.043 2.036 7.088 2.383 7.218 2.413 7.232 2.484

Intergenerational interaction

Care inputs

Older adult 

person helps with 

household chores 

or childcare

0.056 0.229 0.086 0.281 — — 0.196 0.397 0.201 0.401

Intergenerational 

financial support

Children provide 

financial support 

to older adult 

individuals

0.033 0.178 0.070 0.255 — — 0.174 0.379 0.202 0.402

Perceptions of 

Ageing

Household head’s 

perception of 

heirlooms

4.168 1.064 — — 3.759 1.410 — — 4.305 1.013

Education 

awareness

Household head’s 

perception of 

future children’s 

success

4.639 0.675 — — 4.122 1.060 — — 4.594 0.756
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4.3. Model setting

The paper focuses on the impact of the new rural pension scheme on 
the human capital investments of rural households. To validate H1, we use 
a two-way fixed effects model for time and individuals as follows:

 lnedu = + Nrps + X +u +v +it 0 1 it 2 it i t itb b b e  (1)

In Equation (1), lneduit  represents the logarithmic value of 
household education expenditures, and Nrpsit  represents whether 
rural households participate in the new rural pension scheme. The 
variable is a dummy variable and takes the value of 1 if participating 
and 0 otherwise. Xit  and b2  represent a series of control variables, 
such as household level, head of household level and their 
corresponding regression coefficients. b0 and b1 are parameters to 
be estimated, and b1 is the coefficient of focus in this paper, reflecting 
the impact of the new rural pension scheme on the human capital 
investment of rural households. b0 is the constant term, ui and vt 
represent household individual fixed effects and time fixed effects. eit  
is the random error incorporating both individual and time 
dimensions. This model is used in the basic regression and 
heterogeneity analysis sections.

According to the previous analysis, the new rural pension scheme 
mainly affects family human capital investments through the paths of 
care inputs, intergenerational economic support, education cognition 
and pension cognition. Referring to the practice of Chen et al. (40) 
and Peng et al. (41), we further explore the impact mechanism of the 
new rural pension insurance program on the human capital of rural 
households, and the specific model is as follows:

 M = + Nrps + X +it 0 1 it it itg g m e  (2)

In the formula, Mit  is the intergenerational interaction of the 
intermediate mechanism variable, Nrpsit  is the core explanatory 
variable of the new rural pension scheme, Xit represents a series of 
control variables that affect household human capital investments and 
insurance participation behaviour, and eit  is a random disturbance 
term. To test the mechanism of care input, intergenerational economic 
support at the material level and education cognition and old-age 
cognition at the nonmaterial level, we adopt the logit and ordered 
probit models for the estimation, respectively.

5. Empirical analysis

5.1. The effect of the NRPS on the human 
capital investment of rural households

5.1.1. Baseline regression
To explore the impact of the new rural pension scheme on household 

human capital investments, we use total education expenditure of rural 
households as the explanatory variable. The fixed-effects regression results 
of the panel data are detailed in Table 2. Models (1–1), (1–2), and (1–3) 
successively add a series of control variables. In all regression results, the 
coefficients of the new rural pension scheme participation variable are 
positive and significant at the 1% level, indicating that participation in the 

new rural pension scheme helps improve human capital investments of 
rural households. Hypothesis 1 is verified. Models (1–3) show that 
household participation in the new rural pension scheme increases 
household human capital investments at a rate of 39.9%. Therefore, it can 
be concluded that the participation of rural households in the new rural 
pension scheme has a significantly positive effect on total household 
education expenditures, which also indicates that this new scheme has a 
spillover effect. In the regression results of the control variables, the work 
of the household head variable is significant at the 1% level, and the 
coefficient is positive, indicating that household education expenditure is 
higher when the head of household has a job, probably because the 
household head has a higher family income if he has a job, and has a 
certain status in social life, so he will pay more attention to the welfare of 
the family and pay more attention to the quality of education. A larger 

TABLE 2 Influence of the new rural pension scheme on rural family 
human capital investment.

Explained 
variable

Education

(1–1) (1–2) (1–3)

Explanatory variable

  Household 

participation

0.434*** 

(0.131)

0.431*** 

(0.131)

0.399***  

(0.129)

Household head characteristics

  Gender —
−6.788  

(4.289)

−5.813  

(4.225)

  Marriage —
−0.303  

(0.454)

−0.881*  

(0.451)

  Education level —
0.0002  

(0.060)

0.008  

(0.060)

  Health —
0.081  

(0.054)

0.086 

(0.053)

  Work —
0.496*** 

(0.166)

0.529***  

(0.163)

Household characteristics

  Filial piety — —
0.063  

(0.165)

  Family size — —
0.915***  

(0.086)

  Household per 

capita income
— —

0. 0000125 

(0.0000076)

  Household savings 

rate
— —

−0.002  

(0.007)

  Household health 

care expenditure
— —

0.055**  

(0.024)

  _cons
4.501*** 

(0.099)

8.445*** 

(2.786)

2.876  

(2.791)

  Family fixed 

effects
Yes Yes

Yes

  Year fixed effects Yes Yes Yes

  R2 0.0479 0.0516 0.0816

  Number of Obs. 10,540 10,540 10,540

***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively; standard 
deviations are in parentheses (same below).
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household size increases household education expenditures, probably 
because there are more children in the family, so the education 
expenditure is larger.

5.1.2. Robustness test
In this section, we replace the explanatory variables, change the 

explanatory variables, and increase the study sample to conduct the 
robustness test. The regression results are shown in Table 3.

Considering that the number of children in different families will 
have an impact on the overall education expenditure, this part of the total 
education expenditure of the explanatory variables will be replaced by the 
“average education expenditure of the child” for the robustness test. The 
results are shown in Model (2–1) in Table 3. The new rural pension 
scheme has a significantly positive impact on the human capital 
investment of rural households, and the regression results obtained do not 
shift substantially and the previous results remain robust.

Considering the differences between the insurance participation 
behaviour of households and individuals, to further test the robustness 
of the above results, we use the insurance participation behaviour of 

household heads as the core explanatory variable to verify the basic 
regression results according to the literature. The results for Model 
(2–2) are presented in Table  3 and show that the participation 
behaviour of household heads is still significantly and positively 
related to household education expenditures, indicating that the 
receipt of pensions by household heads can significantly promote 
household human capital investments. These results are similar to the 
benchmark regression results, further indicating their robustness.

Because of the existence of pilot areas in 2010, this paper uses the 
panel data synthesised by excluding households participating in NRPS 
in 2010. This part extends to all insured households by re-adding the 
excluded samples in the regression. Models (2–3) show that the 
implementation of the NRPS has a significantly positive impact on 
household human capital investment at the 1 percent level, consistent 
with the results of the benchmark regression.

5.1.3. Endogeneity problem
To better address the endogenous problems caused by missing 

variables and possible reverse causality between the new rural pension 
scheme and household human capital investments, we refer to Zheng 
et al. (42) and Zhou et al. (43), whether the local county was a NRPS 
pilot at the survey year is defined as an instrumental variable to 
eliminate the estimation errors caused by self-selection bias. However, 
since the new rural pension program was implemented nationwide at 
the end of 2012, and the policy has achieved full coverage, and the 
survey areas after 2012 are all pilot counties for the new rural pension 
program. Given the data reasons, the instrumental variables in this 
paper for 2014, 2016, and 2018 are invariant and the time fixed effects 
cannot be controlled, so the instrumental variable method is not used 
in this paper to test the endogeneity problem. We use a multi-temporal 
policy effect estimation methodology.

Although the two-way fixed effects model controls for the variables 
that affect household human capital investments at the household and 
individual levels, on the one hand, there may be other unobservable 
variables may simultaneously affect participation in the new rural pension 
scheme and household education expenditures, resulting in missing 
variable bias. On the other hand, two-way fixed effects models usually 
contain only two groups (treatment and control) and two periods (before 
and after policy treatment), but with heterogeneous treatment effects, 
many studies have more than two treatment time points, where earlier 
treated samples become the control group for the later treated samples 
and the negative weighting problem may make the estimated coefficients 
biased, and so it leads to implausible empirical estimates. To alleviate the 
problem of estimation bias, we first refer to the idea of Callaway and 
Sant’Anna (44). Estimation is carried out using the CSDID model, which 
basically consists of avoiding the use of individuals who have already been 
treated as the “bad control group” and selecting only the “good control 
group” to estimate the group-period average treatment effect, and then 
weighted average on both group and period dimensions to obtain the 
average treatment effect of the policy. At the same time, the use of two-way 
fixed effects models to estimate the dynamic effects of policies may also 
lead to the coefficients for each period becoming difficult to interpret 
because of cross-contamination across periods. Based on this 
consideration, the DIDM estimator proposed by de Chaisemartin and 
D’Haultfoeuille is used to deal with the problem (45).

CSDID is used to mitigate the problem of estimation bias, while the 
average treatment effect of the new rural pension scheme and the 
average effect of all groups in different years are examined, and the 
results are shown in Table 4. The policy effects in model (3–1) are all 

TABLE 3 Robustness test results.

Education

(2–1) (2–2) (2–3)

Household 

participation

0.393***  

(0.123)
—

0.380***  

(0.120)

Head of household 

participation
—

0.261**  

(0.123)
—

Household head 

characteristics
Yes Yes Yes

Household 

characteristics
Yes Yes Yes

_cons
4.016  

(2.663)

3.032  

(2.794)

3.094  

(2.858)

Family fixed effects Yes Yes Yes

Year fixed effects Yes Yes Yes

R2 0.0700 0.0803 0.0805

Number of Obs. 10,540 10,540 11,190

TABLE 4 Endogeneity tests: treatment effects.

Variable Education

(3–1) 
CSDID

(3–2) 
DIDM

(3–3) 
PSM-DIDM

ATT
1.244***  

(0.361)
— —

Household 

participation
—

0.407**  

(0.185)

0.539**  

(0.200)

Household head 

characteristics
Yes Yes Yes

Household 

characteristics
Yes Yes Yes

Family fixed effects Yes Yes Yes

Year fixed effects Yes Yes Yes

Number of Obs. 2,620 2,683 2022
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significantly positive at the 1% level, which indicates that the policy has 
a facilitating effect on the human capital investment of rural households. 
The results of model (3–2) show a slight increase in the DIDM estimates 
compared to the base regression results, but the change is relatively 
small. This suggests that the base model bias issue may be present, but 
does not materially affect the results. And PSM-DIDM is used to avoid 
potential selectivity bias. It obtained the propensity score value by logit 
regression of the control variables through the dummy variable of 
whether or not to participate in the new rural pension scheme, and used 
k-nearest neighbour matching to determine the weights. The mean 
value of the matched treatment group is 5.38 and the mean value of the 
control group is 5.00, which is closer. ATT after matching was 0.372, 
which suggests that the NRPS does significantly increase the level of 
investment in the human capital of rural households. To ensure that the 
PSM results meet the “conditional independence assumption,” it is 
necessary to test the balance of matching variables between the 
treatment group and the control group, requiring that there is no 
significant systematic difference between the samples. The absolute 
values of the standardised deviations of the matched covariates are less 
than 10% and most of the t-test results do not reject the original 
hypothesis that there is no difference between the treatment group and 
the control group, which passes the balance test, thus justifying the use 
of PSM-DIDM. Meanwhile, it draws the density function plot of the 
propensity score value to test the matching effect of the treatment and 
control groups. As shown in Figure 3, the probability densities of the 
propensity score values are close to each other after matching, indicating 
that the matching effect is better. So the feasibility and reasonableness 
of the PSM-DIDM are further proved on the basis of the common 
support domain. Table  4 models (3–3) reveal the DIDM regression 
results after using propensity score for k-nearest neighbour matching. 
Their coefficient is higher than those of the estimated results of the 
benchmark regression and is still positive at the 5% significance. This 
finding shows that the positive impact of the new rural pension scheme 
on the human capital investment of rural households is still verified after 
controlling for the endogeneity problem of sample selection bias. So the 
conclusions all suggest that the heterogeneity treatment effect has a 
more limited impact on the estimation results in this paper.

Due to space constraints, the logit regression results during PSM 
matching, the diagram of the common support domain and the 

balance test results of PSM are not shown in the paper, as shown in the 
Supplementary material.

5.1.4. Heterogeneity analysis
The paper further divides the samples into groups according to 

age, gender and household income to explore the differences in the 
spillover effect of insurance participation on household human capital 
investments among different groups.

To examine the heterogeneity of the impact of the policy on family 
education expenditures in different stages of insurance participation, 
this section classifies the family samples according to the age required 
by the policy and discusses the impact of the new rural pension 
insurance program on the human capital investments of households 
in the insured but uncollected and collected segments. The regression 
results are detailed in Table 5 and show that the new rural pension 
scheme significantly increases household human capital investments 
in receiving stages but has no significant effect on participants under 
60 years of age who have not yet received the NRPS. The reason is that 
the insured under 60 years old can only expect stable pension security 
in the future, whereas for aged 60 and above, they have been able to 
directly obtain the pension, which can increase their welfare, satisfy 
their basic needs, and even improve their sense of well-being and 
confidence in the future, so they are willing to use it for other 
purposes. Thus, compared with the group that is insured but does not 
receive it, the group in the stage of receiving insurance that receives it 
promotes investment in the human capital of the household. Thus, 
compared with the group that is insured but does not receive it, the 
group in the stage of receiving insurance that receives it promotes 
investment in the human capital of the household.

Gender difference is one of the factors that affects the human 
capital investments of rural households. New rural pension schemes 
to increase the level of human capital investments in households may 
also differ among household heads of different genders. We divide the 
total sample into female and male subsamples according to the gender 
of the household head, and the results are shown in Table 6. Female 
household heads pay more attention to children’s education than do 
male household heads, and the new rural pension scheme can 
significantly improve the level of human capital investments of female-
headed households. The reason for the above results may be  that 

FIGURE 3

Nuclear density map of PSM matching.
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women are in a weak position in the household under the long-term 
historical influence of “men farming and women weaving” and “men 
taking the lead outside the household and women taking the lead 
inside the household,” and male household heads are predominant. 
However, with the progressive emphasis on education in society and 
as the main group of people who take care of children, women are the 
heads of the family and are more willing than men to invest more of 
their stable incomes from pension insurance in their children’s 
education. Doing so represents better nurturing and care for children, 
gives them access to more educational resources, increases the family’s 
resistance to future risks, and exchanges human capital accumulation 
for life security in old age.

To explore the impact of the new rural pension scheme on family 
human capital investments in different income classes, family income 

is divided into low income, middle income and high income according 
to the quantile of the mean household net income. The regression 
results are shown in Table 7. The results indicate that for low-income 
households, participation in the NRPS leads to an increase in 
household expenditure on education, while for middle-income and 
high-income households, there is no significant effect. Compared to 
families with higher income, families with low income usually have a 
low socio-economic status. The additional income from the pension 
is likely to improve the overall income level of the family and play a 
relatively more important role in family expenditures, helping the 
older adult and the education of their children to a certain extent. 
Families with higher income may attach relatively higher importance 
to education itself and spend more on education. This additional 
income received by the family accounts for a small proportion of the 
total family income and the likelihood of investing it in childcare costs 
is relatively low. In general, the difference in income leads to a gap in 
human capital investments among different families, which further 
intensifies the differences in human capital endowments among 
different classes and thus causes larger gaps among families and 
their incomes.

5.2. Mechanisms of the impact of the new 
rural pension scheme on human capital 
investments in rural households

The family, as an individual living unit, has innate unity and trust. 
Two-way feedback intergenerational relationships are obvious in 
traditional society. Under the long-term influence of traditional 
concepts, most of rural older adult care is based on intergenerational 
economic support as a means of “family pension.” As an exogenous 
shock to rural family wealth (46), the new rural pension scheme not 
only reduces the financial burden of children supporting the older 
adult to a certain extent, but may even improve the sense of well-being 
of the older adult, and in turn, the older adult provide their children 
with livelihood and even financial assistance. And among them, the 
flow of family resources, the power and status of the older adult in the 
family, as well as the support of children for older adult individuals are 
mainly affected by the intergenerational interaction pattern of the 
family (47). A balanced and orderly benign intergenerational 
interaction is conducive to the distribution and flow of family 
resources. Therefore, we analyse the mechanism from both material 
and immaterial levels to examine whether intergenerational 
interactions play a role in the impact of the policy on household 
human capital investments.

Considering the situation of grandparents taking care of children’s 
household chores and children providing economic support to their 
parents, the behavioural changes of individuals in the family under the 
influence of the NRPS are explored at a deeper level to analyse whether 
intergenerational interactions at the material level play a role in the 
influence of the policy on the investment in human capital of rural 
families. The first variable is that grandparents look after children or help 
with household chores. The current combination of inadequate childcare 
services, the increase in the number of dual-income families, traditional 
cultural concepts of succession, and intergenerational family reciprocity 
has made intergenerational care common in three-generation families. 
Therefore, after the older adult have secured their basic livelihood, 
we presume that they may use their leisure time to help their children, so 

TABLE 5 Regression results for different ages of enrolees.

Education

(4–1) (4–2) (4–3) (4–4)

Over 60 Below 
60

Over 60 Below 
60

Household 

participation

0.795*** 

(0.265)

0.276  

(0.198)

0.758*** 

(0.265)

0.204  

(0.195)

Household head 

characteristics
No No Yes Yes

Household 

characteristics
No No Yes Yes

_cons
4.635*** 

(0.327)

4.700*** 

(0.119)

0.957 

(1.482)

−2.341* 

(1.202)

Family fixed 

effects
Yes Yes Yes Yes

Year fixed effects Yes Yes Yes Yes

R2 0.0260 0.0630 0.0467 0.1142

Number of Obs. 3,185 7,355 3,185 7,355

TABLE 6 Regression results for different participants’ genders.

Education

(5–1) (5–2) (5–3) (5–4)

Female Male Female Male

Household 

participation

0.669 *** 

(0.206)

0.289* 

(0.169)

0.602*** 

(0.204)

0.271 

(0.167)

Household head 

characteristics
No No Yes Yes

Household 

characteristics
No No Yes Yes

_cons
4.647*** 

(0.284)

4.497*** 

(0.102)

0.759  

(1.474)

−1.128 

(0.950)

Family fixed 

effects
Yes Yes Yes Yes

Year fixed effects Yes Yes Yes Yes

R2 0.0712 0.0393 0.1037 0.0752

Number of Obs. 3,879 6,661 3,879 6,661
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as to fulfill the value of positive family security. The second variable is the 
financial support provided by children to their parents. As an important 
part of the social security system for the older adult, the new rural pension 
scheme will have a substitution effect on supporting for the older adult in 
the family to a certain extent, which can alleviate the financial burden, 
reduce some of the upward intergenerational economic support, and 
improve the distribution of income.

Models (7–1) and (7–2) in Table  8 report the effects of 
participation in the NRPS on the above mechanism variables at the 
material level. Model (7–1) shows that participating in the new 
rural pension scheme reduces the frequency of older adult 
individuals helping their children do housework and take care of 
their children. It is possible that the withdrawal of older adult 
individuals from the labour market to age at home under the impact 
of the new rural pension scheme. Although a large amount of 
human capital of the older adult has been accumulated, due to the 
improvement of their own welfare status and a certain degree of 
economic independence, the need for their children’s life care and 
economic help is reduced. As a result, many older adult individuals 
live more apart from their children, causing them to lack 

environmental conditions and opportunities to help their children 
look after their children and do housework. Therefore, it is likely 
that in the context of the relaxation of the family’s budget constraint, 
some help is provided to children through intergenerational 
economic support, giving them more resources to invest in family 
human capital. As shown in Model (7–2), under the influence of the 
new rural pension scheme, the financial support provided by the 
children to their grandparents has decreased. This suggests that the 
implementation of the policy has improved the wealth level and 
income expectations of older adult individuals. Thus, children in 
rural households provide less financial help to their grandparents 
to some extent, leading to a relative increase in household wealth. 
Subsequently, the implementation of the policy has not only directly 
alleviated the pressures of living on older adult individuals 
themselves but also has indirectly reduced the burden of family care 
and pensions and has resulted in higher investments of the family 
income in children’s education.

The next step is to examine how intergenerational interactions at the 
non-material level play a role in the process of the impact of the NRPS 
on household human capital investments by considering perceptions of 

TABLE 7 Regression results of income disparity.

Education

(6–1) (6–2) (6–3) (6–4) (6–5) (6–6)

Low income Moderate 
income

High income Low income Moderate 
income

High income

Household 

participation

0.661**  

(0.284)

0.417  

(0.348)

0.040  

(0.278)

0.616**  

(0.286)

0.355  

(0.348)

0.075  

(0.271)

Household head 

characteristics
No No No Yes Yes Yes

Household 

characteristics
No No No Yes Yes Yes

_cons
3.978***  

(0.158)

4.009***  

(0.261)

4.251***  

(0.416)

−0.179  

(1.716)

−1.508 

(2.140)

−3.173  

(1.931)

Family fixed effects Yes Yes Yes Yes Yes Yes

Year fixed effects Yes Yes Yes Yes Yes Yes

R2 0.0461 0.0703 0.0855 0.0658 0.1080 0.1477

Number of Obs. 3,512 3,340 3,688 3,512 3,340 3,688

TABLE 8 Mechanisms of the effect of the new rural pension scheme on family human capital in-vestments.

Intergenerational 
interaction

Material level Nonmaterial level

(7–1) (7–2) (7–3) (7–4)

Care inputs Intergenerational 
financial support

Perceptions of 
ageing

Education 
awareness

Household participation
−0.209*  

(0.125)

−0.248*  

(0.135)

0.156***  

(0.044)

−0.033  

(0.048)

Household head characteristics Yes Yes Yes Yes

Household characteristics Yes Yes Yes Yes

_cons
−1.463***  

(0.385)

−0.037  

(0.399)
— —

R2 0.1166 0.1656 0.0104 0.0036

Number of Obs. 4,547 4,547 4,547 4,547

58

https://doi.org/10.3389/fpubh.2023.1272069
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Fan and Hua 10.3389/fpubh.2023.1272069

Frontiers in Public Health 13 frontiersin.org

ageing and education awareness. The first variable is household head’s 
perception of heirlooms. Considering the cultural traditions of 
succession and family continuity in rural areas, there may be a trade-off 
between the number and quality of children. Under the influence of a 
strong idea of succession, it is likely to emphasise the number of children 
at the expense of investing in the education of each child. The second 
variable is the importance that the head of the household perception of 
future children’s success. If household head believes that it is important 
for children to be  successful and attaches importance to the future 
development, then education, as a key way to improve human capital, is 
likely to be the choice of the members of the household to invest more 
resources in their children, so that if their children’s level of wealth 
increases in the future, they will be more benefited.

As shown in Model (7–3), there is a significant effect of 
participation in the new rural pension scheme on the perception of 
family retirement. From the results, it can be seen that participation 
in the NRPS at the 1 per cent level of significance will increase the 
importance of the family’s succession, and there is an impact on 
perceptions of retirement. May be due to the long-term impact of 
history, the traditional concept of raising children to prevent old age 
in rural areas still has a deep impact, the policy of “social pension” on 
the children of “family pension” replacement role is relatively limited, 
so the participation of the NRPS has not reduced but rather increased 
its weakening function. In the model (7–4), there is no significant 
effect on the importance of children’s success. Overall, the new rural 
pension insurance program has a positive impact on household 
human capital investments through three paths: increased awareness 
of grandparents taking care of children’s household chores, children 
providing financial support, and perceptions of ageing.

6. Conclusion

We focus on the human capital investments of rural households 
in China and discuss the spillover effect of the new rural pension 
scheme on rural household education investments. Based on data 
from the China Family Panel Studies (CFPS) in 2010, 2012, 2014, 
2016, and 2018, we use a two-way fixed effect model to study the 
impact of the new rural pension insurance program on household 
human capital investments and adopts the treatment effect to solve the 
endogeneity problem.

We find that (1) rural households participating in the new rural 
pension scheme can significantly increase the level of household 
human capital investments. (2) The treatment effect model is used 
to conduct the endogeneity test, it is found that the policy has a 
positive contribution to household human capital investments, and 
the results are robust. (3) The spillover effect of the new rural 
pension insurance program is different depending on the family’s 
stage of participation, family income and gender of the household 
head. The spillover effect of the policy is more significant for 
participants who are female, are in the recipient stage, and are in 
low-income households. (4) The new rural pension scheme affects 
household human capital investments mainly through 
intergenerational interactions in terms of intergenerational financial 
support for children at the material level, taking care of their 
children’s household chores, and the cognitive aspects of retirement 
at the immaterial level. According to the above research conclusions, 
we propose the following countermeasures.

First, the new rural pension scheme has a positive externality on 
the education expenditures of rural households in China. We should 
continue to promote the breadth and depth of the new rural pension 
scheme, ensure the stable development of the rural social security 
system, and deepen the pension insurance policy and transfer 
payment policies such as tax reform in rural areas. Doing so is 
important to improve the quality of life of rural older adult individuals 
and investments in the human capital of families. The level of social 
security in many rural areas is still low, making it necessary to 
scientifically and reasonably increase the proportion of low-income 
groups participating in insurance, focus on improving the level of 
social security for women, strengthen the old-age security function 
of insurance, improve the psychological expectations of rural 
residents, and enhance the ability to resist future risks, which are all 
conducive to promoting family human capital investments and high-
quality economic development in rural areas. Second, we  can 
promote benign intergenerational family interactions through 
publicity and education. We should not only strengthen children’s 
responsibility of caring for older adult individuals and focus on the 
intergenerational support of families in noneconomic aspects such as 
living companionship, psychological health and care for older adult 
individuals but also help rural households liberate their mindsets, 
weaken traditional concepts such as passing down the family line and 
raising children for old age, and strengthen the importance of 
education to the family. In addition, we can enhance family human 
capital accumulation through high-quality education investments, 
improve confidence in children’s future incomes, and reduce future 
uncertainty. Third, we should accelerate the construction of a high-
quality education system, promote the high-quality and balanced 
development of education, increase public education investments in 
rural areas, especially remote rural areas and poor mountainous 
areas, and ensure the equity of education resources. Meanwhile, 
we should broaden the income channels of rural families and increase 
family investments in education to promote the healthy development 
of rural education.
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The primary prerequisite for socioeconomic growth is good health, hence

promoting residents’ health is a vital objective of public policies. It is yet up for

debate whether or not the digital economy (DE), which will be crucial to future

economic growth, will eventually result in improvements in residents’ health.

Utilizing the China Family Panel Studies (CFPS) data in 2020, we explore how the

DE a�ects residents’ health. The findings reveal that residents’ health is greatly

enhanced by the DE. The eastern region sees a more dramatic improvement in

residents’ health as a result of the DE. Additionally, the DE can improve residents’

health through the promotion of regional green development. The study’s findings

add to our knowledge of how the DE impacts residents’ health while also o�ering

recommendations for achieving universal health.

KEYWORDS

digital economy, residents’ health, green development, CFPS2020, China

1 Introduction

Health is an important human capital and a major support for socioeconomic

development. In spite of the country’s continued progress in economic development

and social living standards, the residents’ health remains not optimistic (1). According

to the Report on Nutrition and Chronic Diseases of Chinese Residents (2020), chronic

diseases were responsible for 88.5% of Chinese deaths in 2019, and hypertension,

hypercholesterolemia, chronic obstructive pulmonary disease, diabetes, and cancer

incidence rates increased compared to the statistics recorded in 2015. The Chinese

government successively introduced multiple policies aimed at improving residents’ health.

The “Healthy China 2030” Plan Outline, released in December 2016 by the State Council

and the Central Committee of the Communist Party of China, set the target year of 2030

for a considerable improvement in health service capacities. The Healthy China Action

(2019–2030), issued in July 2019 by the Healthy China Promotion Committee, advocates for

residents to develop a healthy and civilized lifestyle and achieve a healthy life with less illness.

In its report to the 20th National Congress of the Communist Party of China, the party

stressed the need of “placing the health of individuals in a position of strategic importance

of prioritized development and improving policies to promote people’s health”. Through the

joint efforts of all sectors of society, the level of health literacy among residents across the

country steadily improved, from 8.8% before 2011 to 25.4% in 2021.

The DE has recently undergone a period of rapid expansion and has emerged as a new

engine of China’s growing economy. China’s DE ranked second in the world in 2022, with

a scale of 50.2 trillion yuan and its proportion of GDP increasing to 41.5%, according

to the Internet Information Office’s Digital China Development Report (2022). Through
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constantly upgraded network infrastructure and information tools

like smartphones, the DE promotes the penetration of digital

technology into deeper areas, with far-reaching implications for

economic sustainability and low-carbon growth. Specifically, the

DE will be deeply integrated with producing and living activities,

promoting the shaping of green consumption concepts, patterns,

and production methods, and the creation and growth of smart

energy, IoT platforms, and green factories will be encouraged by

the DE, which will also greatly empower traditional industries to

undertake digital and environmentally friendly transformations. As

population health challenges become a more prominent research

area in academia (2), can inclusive health dividends result from

the DE? Answers to this question are still pending. China is

confronted with issues like an aging population and a declining

demographic dividend, so it is urgent to develop a talent dividend

by enhancing population health in order to capitalize on human

resources and support the healthy development of the economy

and society. Therefore, scientifically assessing the DE’s impact on

residents’ health is notmerely an objective need to comprehensively

accelerate digital economic development but also an inevitable

requirement to solidly promote the health of all individuals. This

study explores the effects of the DE on residents’ health and

examines its internal mechanisms in an effort to serve as a guide

for advancing and improving policies.

2 Literature review

The first category of research that has a close connection

to this subject is the study of the DE, which mostly researched

the DE’s influence from two perspectives: macro and micro,

covering many fields such as economy, society, and ecology.

The DE benefits regional green development, industrial structure

upgrading, and green innovation, as has been confirmed by the

existing macro-level research (3–5). The analysis of the influence

of the DE on enterprise development has been the primary topic

of micro-level studies. Implementing digital economic strategies

could significantly increase listed Chinese firms’ cash holdings,

claimed Zhang and Liu (6). Li et al. provided evidence that by

easing the constraints of financing, the DE effectively promoted

innovation in firms (7). Another type of research is based on amore

micro perspective, focusing on the DE’s social welfare. Research

by Zou et al. found that the DE hampered the sociocultural and

psychological integration of migrant workers while facilitating

their economic integration (8). Lu et al. argued that digital

economics significantly boosted women’s employment but failed

to enhance women’s employment quality in all respects (9). In

addition, some studies have focused on DE-relevant issues such

as enterprise digitization, automation, information technology, the

digital divide, and digital finance (10–14).

The second category of relevant research is the study of

residents’ health. The majority of currently conducted research has

examined how residents’ health and medical costs are affected by

both macroeconomic issues and personal characteristics. In terms

of macroeconomic conditions, Bai et al. pointed out that EPU had

a positive spatial spillover effect on China’s healthcare expenditure

(15). McInerney et al. found that for most of the period from 1994

to 2008, the mortality rate of the older adults was countercyclical,

and as the unemployment rate rose, the mental health status of the

older adults became worse (16). Ruhm’s research suggested that as

the economy grew, smoking and obesity increased, while physical

activity decreased and diets became less healthy (17). Atalay et al.

used Australian residents as a sample and confirmed that rising

property prices had a beneficial influence on homeowners’ physical

health but had an adverse impact on renters’ physical and mental

health (18). Regarding personal factors, Xu et al. believed that

purchasing commercial insurance could improve residents’ health

(19). Von Dem Knesebeck et al. used data from the 2003 European

Social Survey and found that people with a low level of education

(middle school or lower) often self-rated their health as poor (20).

Direct studies on how the DE influences residents’ health are

still lacking. The research that is most pertinent to our study

examines how internet development affects residents’ health, and it

has not yet formed a consensus. One type of research held a positive

perspective. Wu et al. discovered that internet development greatly

enhanced residents’ health (1). Shapira et al. also pointed out that

internet use was beneficial for improving the health of older adults

(21). Another type of research held the opposite view. According

to Zhou et al., internet addiction could reduce children’s sleep and

exercise time, ultimately damaging their physical andmental health

(22). Allcott et al. believed that the intensive use of social media can

have an adverse effect on mental health (23).

The impact of the DE and the factors that affect residents’

health have generally been thoroughly examined in existing studies

from both theoretical and empirical perspectives, and it is generally

accepted that the DE plays an advantageous role in promoting

regional green development. There are three main aspects of the

existing research that need to be further developed and improved:

first, the existing literature mostly portrays the development of the

DE from the perspective of internet application and development,

which is insufficient to accurately reflect the connotation of the DE;

second, the existing literature primarily uses inductive reasoning

to explore the impact of the DE on residents’ health and lacks

the support of empirical evidence; and third, additional study is

required because the existing literature on the mechanism of the

DE on residents’ health is not conclusive. Consequently, this study

explores the effect and mechanism of the DE on resident’ health,

aiming to provide directions for China to promote residents’ health

through digital economic development. The marginal contribution

of this study is primarily reflected in three areas: first, it creatively

assesses the impact of the DE from the perspective of residents’

health, reveals its impact mechanism, and expands and enriches

the research in the area of DE and health. Second, the endogenous

issues in the research are successfully avoided through instrumental

variable regression and other robustness tests. Third, the research

findings of this work can serve as recommendations for improving

DE policy.

3 Research hypotheses

From a realistic standpoint, the construction of China’s

ecological civilization is fundamentally centered on ecological

priority and green development (24), but environmental pollution

is posing a growing threat to this development. Environmental

pollution is one of the main health risks; thus, improving
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FIGURE 1

Influence mechanism diagram.

environmental quality and promoting regional green development

is a feasible path to improving residents’ health. Theoretically, the

DEmay help traditional industries make intelligent and sustainable

shifts, which will support green production and industries’

development (25). Additionally, the DE aids in enhancing

energy efficiency (26), lowering resource waste and unneeded

environmental emissions, and considerably encouraging the

growth of clean energy (27). Overall, the DE successfully promotes

regional green development. According to related studies, increases

in per capita sulfur dioxide and smoke emissions significantly

increased the medical expenses of Chinese residents (28), and

carbon emissions had detrimental long-term consequences for

residents’ health (29). By enhancing environmental quality and

improving ecological services, regional green development can

address the health demands of the residents. So we speculate

that DE may promote green development, thereby enhancing

the residents’ health. Figure 1 illustrates the fundamental logic

behind enhancing residents’ health through the DE. Two research

hypotheses are put forth in our research.

Hypothesis 1: The DE helps improve residents’ health.

Hypothesis 2: The DE may improve residents’ health by

promoting regional green development.

4 Data sources and variables
information

4.1 Data sources

Data from the CFPS in 2020 is used in this study. The China

Social Science Survey Center at Peking University is responsible

for carrying out the CFPS, a comprehensive, extensive, and

multidisciplinary social tracking survey project. The database

created by this project has a wealth of data at the individual,

family, and community levels, comprising a wide range of research

areas like economic activity, educational accomplishments, family

relationships and dynamics, health, and so on. It serves as a

reliable source of data samples for this study and is commonly

utilized in the field of health economics. In addition, the provincial

digital financial inclusion index data as well as the China Statistical

Yearbook data, the National Bureau of Statistics data, and the

provincial statistical yearbook data are all used in this study. Among

these is the provincial digital financial inclusion index, which Ant

Financial Group and the Digital Finance Research Center of Peking

University jointly established. This index comprises numerous

secondary variables in addition to three basic indicators of the

coverage, intensity, and level of digital finance. It has been widely

used in pertinent studies (30).

4.2 Variables information

The level of residents’ health, as determined by their

self-rated health (19), functions as the dependent variable in

this study. Five categories: “unhealthy”, “average”, “relatively

healthy”, “very healthy”, and “extremely healthy” are included

in the residents’ self-assessment of their health condition, given

values of 1, 2, 3, 4, and 5, respectively. Self-rated health

refers to an extensive assessment of respondents’ health that

takes into account a number of variables, such as disease

severity and health stability. It can accurately depict the

residents’ health and satisfy the statistical requirements for

validity and reliability. The higher the value, the healthier

the residents.

The development degree of the DE serves as the study’s

independent variable. This research assesses the degree of

development of the DE from the perspectives of the internet

and digital inclusive finance, since the development of the

DE relies on the growth of the internet and the promotion

of digital finance (31). Specifically, it includes five indicators,

namely, the number of internet users per 100 individuals, the

proportion of people working in computer services and software,

the overall amount of telecommunication services per capita,

the number of people using mobile phones per 100 individuals,

and the digital financial inclusion index. The entropy value

method is used in this study to standardize and shrink the

dimensions of the data for the five indicators shown above

and build core independent variable DE indicators (9). The

primary advantage of the entropy value method is that it is

an objective empowerment method that establishes the index

weights in accordance with the degree of variation of the index

values of various indicators. This effectively avoids the deviation

brought on by human factors, strengthens the objectivity of

the indicators, and more accurately reflects the degree of the

DE’s development.

In this paper, the control variables are chosen from three

dimensions: individual, family, and province. According

to research that has already been conducted, a number of

economic and social factors, including education level, per

capita income, regional medical investment, and regional

economic level, can have a significant impact on residents’

health (29, 32). Existing research has also demonstrated that

residents’ individual characteristics, such as age, gender, marital

status, and lifestyle choices like smoking, drinking, and family

size, have a considerable impact on health (33). Therefore, in

this study, the aforementioned aspects are controlled. To avoid

interference from extreme samples, this paper excludes samples

with family sizes greater than 10. Continuous variables are then

put through a two-tailed 1% level winsorization procedure.
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The detailed variable definition methods are presented in

Table 1.

Statistics for the primary variables are listed in Table 2. The

average for residents’ health is 3.09, with a median of 3, indicating

that the majority of residents are at the “relatively healthy”

level. The DE still has some space for development, since the

DE’s average only stands at 0.2363, and the difference between

the two values, 0.12 for the lowest and 0.91 for the highest,

is quite large. Other variables’ ranges of values remain within

appropriate bounds.

TABLE 1 Variable definition and assignment.

Variable Variable assignment

health From 1 to 5, get better

dig The development level of the DE

age Age (years)

age_2 The square of age

gender Male= 1, Female= 0

eduyear Completed years of education

marriage Married or not, Yes= 1, No= 0

smoke Smoking or not, Yes= 1, No= 0

drink Drinking or not, Yes= 1, No= 0

familysize Number of people living together currently

lnfincomeper Ln(per capita household income)

lngdp Ln(provincial GDP)

lnmediexp Ln(provincial financial expenditure on healthcare)

Married includes four states: being married, cohabiting, divorced, and widowed. Smoking

is classified based on whether the respondents have smoked in the past month, and alcohol

consumption is classified based on whether the respondents have consumed alcohol more

than three times a week in the past month.

5 Model design and baseline
regression

5.1 Model design

This research creates the following econometric model for

analyzing how the DE affects residents’ health:

healthip = α + βdigp + γXip + εip (1)

The variables health and dig stand for residents’ health and the

provincial DE’s level of development, respectively. Individuals and

provinces are indicated by the subscripts i and p, respectively. The

control variables are denoted by Xip, and the random error term is

indicated by εip. This paper focuses primarily on the coefficient β

to reveal how the DE influences residents’ health.

5.2 Baseline regression

The findings of the baseline regression on how the DE affects

residents’ health are displayed in Table 3. Only the independent

variable is introduced in Column (1), and the independent

variable’s significant positive regression coefficient shows that the

DE greatly promotes residents’ health. This conclusion is still

confirmed by the estimation findings of the introduction of control

variables in Column (2). Based on the aforementioned results,

which show the health dividend of the DE, the government can take

into account increasing the development of the DE by expanding

the application of digital technology and establishing DE policies to

encourage the improvement of residents’ health.

This is evident from the control variables’ regression results,

where the regression coefficients for the variable age and its

square term, gender, drink, familysize, lnfincomeper, lngdp, and

lnmediexp, are found to pass the relevant significance test. The

TABLE 2 Descriptive statistics of variables.

Variable Observation Mean Standard deviation Median Minimum Maximum

health 20101 3.09 1.20 3 1 5

dig 20101 0.24 0.14 0.17 0.12 0.91

age 20101 45.71 16.68 47 16 95

age_2 20101 2367.31 1570.81 2209 256 9025

gender 20101 0.50 0.50 1 0 1

eduyear 20101 8.87 4.70 9 0 24

marriage 20101 0.83 0.37 1 0 1

smoke 20101 0.27 0.44 0 0 1

drink 20101 0.13 0.33 0 0 1

familysize 20101 4.09 1.85 4 1 10

lnfincomeper 20101 9.86 0.93 9.88 7.31 12.21

lngdp 20101 10.36 0.75 10.49 9.10 11.62

lnmediexp 20101 6.52 0.50 6.57 5.70 7.48
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TABLE 3 Baseline regression.

Variable (1) (2)

dig 0.2742∗∗∗ 0.4673∗∗∗

(0.0536) (0.0646)

age 0.0450∗∗∗

(0.0035)

age_2 −0.0002∗∗∗

(0.0000)

gender −0.1640∗∗∗

(0.0200)

eduyear −0.0026

(0.0022)

marriage −0.0129

(0.0310)

smoke −0.0324

(0.0222)

drink −0.1671∗∗∗

(0.0262)

familysize −0.0316∗∗∗

(0.0048)

lnfincomeper −0.0477∗∗∗

(0.0104)

lngdp −0.1530∗∗∗

(0.0315)

lnmediexp 0.2108∗∗∗

(0.0451)

N 20,101 20,101

R2 0.0011 0.1157

The ∗∗∗ , ∗∗ , and ∗ in the table, respectively, show the significance under the significance level

of 1, 5, and 10%, and the robust standard errors are shown in the brackets. The same as in the

following tables.

age of residents has a positive influence, but its square term has

a negative impact, demonstrating that as people age, their self-

rated health level exhibits a reversed “U” trend, originally rising

and then gradually falling. The adverse effect of gender shows that

men’s health level is relatively low, which may be due to men being

under greater financial strain than women. Drinking frequently and

a large household size worsen residents’ health. People who live in

households with greater per capita incomes tend to be in worse

health, which may be because these families generally have higher

living standards and aremore likely to have issues like obesity, work

pressure, irregular work and rest. The provincial GDP level has an

adverse influence, pointing to the fact that residents’ health level

in economically developed areas is lower. This may be considered

because rapid economic development has an adverse effect on

the environment by increasing environmental pollution, and the

number of diseases brought on by occupational diseases and sub-

health is gradually rising. The provincial financial investment in

healthcare has a beneficial effect, showing that themore the regional

health investment, the healthier the residents are.

TABLE 4 Robustness test 1.

Variable Order probit Order logit Tobit

(1) (2) (3)

dig 0.4567∗∗∗ 0.7800∗∗∗ 0.4673∗∗∗

(0.0611) (0.1017) (0.0646)

age 0.0424∗∗∗ 0.0710∗∗∗ 0.0450∗∗∗

(0.0033) (0.0057) (0.0035)

age_2 −0.0002∗∗∗ −0.0004∗∗∗ −0.0002∗∗∗

(0.0000) (0.0001) (0.0000)

gender −0.1583∗∗∗ −0.2731∗∗∗ −0.1640∗∗∗

(0.0190) (0.0324) (0.0199)

eduyear −0.0012 −0.0056 −0.0026

(0.0021) (0.0037) (0.0022)

marriage −0.0006 0.0028 −0.0129

(0.0297) (0.0496) (0.0310)

smoke −0.0288 −0.0517 −0.0324

(0.0211) (0.0363) (0.0222)

drink −0.1546∗∗∗ −0.2624∗∗∗ −0.1671∗∗∗

(0.0248) (0.0433) (0.0262)

familysize −0.0302∗∗∗ −0.0513∗∗∗ −0.0316∗∗∗

(0.0046) (0.0079) (0.0048)

lnfincomeper −0.0435∗∗∗ −0.0752∗∗∗ −0.0477∗∗∗

(0.0099) (0.0172) (0.0104)

lngdp −0.1514∗∗∗ −0.2458∗∗∗ −0.1530∗∗∗

(0.0299) (0.0510) (0.0315)

lnmediexp 0.2106∗∗∗ 0.3739∗∗∗ 0.2108∗∗∗

(0.0428) (0.0731) (0.0450)

N 20,101 20,101 20,101

R2 0.0414 0.0429 0.0385

5.3 Robustness test

This study undertakes robustness testing from three

aspects: regression methods, indicator measures, and

endogeneity issues, to guarantee the reliability of the

study’s conclusions.

5.3.1 Change the regression method
Given that the variable health in this study has a value of

1–5, which is an ordered categorical variable, order probit and

order logit models are used for regression to reduce the estimate

error from the OLS method. In addition, the tobit model is

further utilized for regression because the dependent variable’s

range of values is constrained. Table 4’s regression results show

that the choice of regression methods had no impact on the

paper’s findings.

Frontiers in PublicHealth 05 frontiersin.org66

https://doi.org/10.3389/fpubh.2023.1303541
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhou et al. 10.3389/fpubh.2023.1303541

5.3.2 Replace the variable measure
This paper also considers that differences in the measurement

of core variables may affect research conclusions, so we change

the measurement method of core variables. The variable health2 is

defined. Give health2 a value of 1 for “unhealthy” or “average” self-

rated health, a value of 2 for “relatively healthy” and a value of 3 for

“very healthy” or “extremely healthy” self-rated health. The binary

categorical variable health3 is also defined, and a value of 1 is given

when the self-rated health status is “very healthy” or “extremely

healthy”, and a value of 0 otherwise. The relevant regression

findings are listed in Table 5’s Columns (1) and (2). The major

component approach is additionally applied to create another DE

TABLE 5 Robustness test 2.

Variable (1) (2) (3) (4) (5)

Health2 Health3 Health Dig Health

dig 0.3378∗∗∗ 0.3665∗∗∗ 4.0164∗∗

(0.0412) (0.0875) (1.6913)

dig2 1.3972∗∗∗

(0.2143)

officenum1984 0.0002∗∗∗

(0.0000)

age 0.0301∗∗∗ 0.0719∗∗∗ 0.0449∗∗∗ −0.0006 0.0472∗∗∗

(0.0022) (0.0049) (0.0035) (0.0004) (0.0039)

age_2 −0.0002∗∗∗ −0.0005∗∗∗ −0.0002∗∗∗ 0.0000∗∗∗ −0.0003∗∗∗

(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

gender −0.0918∗∗∗ −0.1015∗∗∗ −0.1629∗∗∗ 0.0072∗∗∗ −0.1902∗∗∗

(0.0123) (0.0266) (0.0200) (0.0021) (0.0247)

eduyear −0.0039∗∗∗ −0.0325∗∗∗ −0.0028 −0.0006∗∗∗ −0.0004

(0.0014) (0.0027) (0.0022) (0.0002) (0.0026)

marriage 0.0036 −0.1304∗∗ −0.0138 −0.0180∗∗∗ 0.0506

(0.0195) (0.0513) (0.0310) (0.0037) (0.0456)

smoke −0.0181 −0.0611∗∗ −0.0329 −0.0033 −0.0213

(0.0138) (0.0290) (0.0222) (0.0023) (0.0242)

drink −0.0823∗∗∗ −0.1415∗∗∗ −0.1685∗∗∗ −0.0148∗∗∗ −0.1126∗∗∗

(0.0165) (0.0338) (0.0262) (0.0028) (0.0379)

familysize −0.0181∗∗∗ −0.0214∗∗∗ −0.0310∗∗∗ 0.0040∗∗∗ −0.0460∗∗∗

(0.0030) (0.0060) (0.0048) (0.0004) (0.0085)

lnfincomeper −0.0259∗∗∗ −0.0836∗∗∗ −0.0455∗∗∗ 0.0331∗∗∗ −0.1651∗∗∗

(0.0065) (0.0129) (0.0104) (0.0010) (0.0570)

Lngdp −0.0797∗∗∗ −0.0332 −0.1334∗∗∗ 0.2230∗∗∗ −0.9501∗∗

(0.0195) (0.0409) (0.0308) (0.0032) (0.3819)

lnmediexp 0.1294∗∗∗ 0.0987∗ 0.1981∗∗∗ −0.2615∗∗∗ 1.1570∗∗

(0.0279) (0.0585) (0.0450) (0.0052) (0.4545)

Kleibergen-Paap rk Wald F statistic 37.252

[16.38]

Kleibergen-Paap rk LM statistic 64.996

[0.0000]

N 20,101 20,101 20,101 20,098 20,098

R2 0.1261 0.1252 0.1153 0.3437 −0.0045

For Kleibergen-Paap rk Wald F-test, the value in the square bracket is the critical value of 10% level of Stock-Yogo test, and for Kleibergen-Paap rk LM test, the value in the square bracket is the

corresponding probability of accepting the original hypothesis.
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TABLE 6 Heterogeneity test—region di�erences.

Variable Eastern
region

Central
region

Western
region

(1) (2) (3)

dig 0.4855∗∗∗ −0.1030 −1.6318∗∗

(0.0755) (0.7754) (0.6532)

age 0.0460∗∗∗ 0.0413∗∗∗ 0.0468∗∗∗

(0.0051) (0.0071) (0.0064)

age_2 −0.0003∗∗∗ −0.0002∗∗∗ −0.0002∗∗∗

(0.0001) (0.0001) (0.0001)

gender −0.1993∗∗∗ −0.1143∗∗∗ −0.1693∗∗∗

(0.0292) (0.0380) (0.0393)

eduyear 0.0027 −0.0088∗∗ −0.0009

(0.0036) (0.0043) (0.0039)

marriage −0.0379 −0.0321 0.0364

(0.0461) (0.0639) (0.0557)

smoke −0.0140 −0.0594 −0.0288

(0.0332) (0.0423) (0.0425)

drink −0.1886∗∗∗ −0.0861∗ −0.2432∗∗∗

(0.0376) (0.0484) (0.0571)

familysize −0.0277∗∗∗ −0.0521∗∗∗ −0.0182∗∗

(0.0074) (0.0089) (0.0090)

lnfincomeper −0.0741∗∗∗ −0.0360∗ −0.0310

(0.0160) (0.0202) (0.0189)

lngdp −0.0534 −0.1284 0.1630

(0.0581) (0.1552) (0.1328)

lnmediexp 0.0999 0.2348 −0.1972

(0.0665) (0.1980) (0.1941)

N 8,753 5,873 5.475

R2 0.1135 0.1051 0.1387

indicator (dig2). Column (3) of Table 5 lists the corresponding

findings. The aforementioned findings confirm that key variables’

measure approach has no influence on the paper’s results.

5.3.3 Addressing endogeneity issues
This study theoretically avoids potential reverse causality issues

because the indicators of the DE and residents’ health are defined at

the provincial and individual levels, respectively. To further exclude

interference from endogeneity issues, the instrumental variable

in this paper’s usage of the instrumental variable approach in

regression is set to the historical amount of post offices per million

persons (officenum1984). We specifically utilized provincial-level

corresponding data in 1984 for analysis. The post offices per million

persons number was chosen as the instrumental variable because

the DE depends highly on regional internet development and

earlier internet access depended on the post office system, so it

satisfies the requirement for relevance, and it is likely that the

number of post offices historically does not have an impact on

residents’ health, therefore, so it meets the exclusivity requirements.

The corresponding estimation results are displayed in Columns

(4) and (5) of Table 5. The under identification test and the weak

identification test both disprove the initial assumption and support

the validity of the instrumental variable. The research conclusion

is further confirmed by the fact that the independent variable’s

regression coefficient in the second stage is obviously positive.

6 Further discussion

6.1 Heterogeneity test

The sample is then divided into three groups in this study by

geographic location: eastern, central, and western (34). The results

of subsample regression are then performed, and they are presented

in Table 6 as findings. The coefficient of dig in the eastern region

is obviously positive, which shows that residents’ health is greatly

promoted by the DE. The central region’s regression coefficient of

dig is not significant, proving that residents’ health is barely affected

by the local DE. The western region’s regression coefficient of dig

is markedly negative, implying that the DE has a major adverse

influence on residents’ health. The aforementioned results show

that there is regional variability in how the DE affects residents’

health. The cause is that the eastern, central, and western regions

exhibit substantial differences in the state of the development of the

DE, the state of the health infrastructure, and the socioeconomic

environment. In comparison to the central and western regions, the

eastern region uses digital technology more widely, has a greater

variety of digital goods and services, and typically has a higher

income and educational level. It is also simpler to access high-

quality digital goods and services. As a result, the residents aremore

significantly impacted by the DE in terms of their health in the

eastern region.

6.2 Mediation e�ect test

The following econometric model is developed for the purpose

of investigating the mechanism underlying how the DE affects

residents’ health:

healthip = c0 + cdigp + eip (2)

greenp = a0 + adigp + ep (3)

healthip = b0 + c′digp + bgreenP + eip (4)

In this model, the mediating variable is regional green

development (green), which is quantified by the provincial

pollution comprehensive index’s opposite value. The total

provincial wastewater discharge, general industrial solid waste,

and sulfur dioxide releases in the waste gas are standardized

and reduced in dimensions in this study through the entropy

value method to calculate the provincial environmental pollution

composite index, whose larger value denotes a more seriously

polluted area. Therefore, this study uses the opposite of the

Frontiers in PublicHealth 07 frontiersin.org68

https://doi.org/10.3389/fpubh.2023.1303541
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhou et al. 10.3389/fpubh.2023.1303541

TABLE 7 The relationship between the DE and residents’ health.

Health Coef Std.err t p>|t| [95% conf. interval]

dig 0.2742429 0.0535821 5.12 0.000 0.1692176 0.3792682

_cons 2.845985 0.0158089 180.02 0.000 2.814998 2.876972

TABLE 8 The relationship between the DE and green development.

Green Coef Std.err t p>|t| [95% conf. interval]

dig 0.2968942 0.0065145 45.57 0.000 0.2841253 0.3096632

_cons −0.4312448 0.0019501 −221.14 0.000 −0.4350672 −0.4274224

TABLE 9 The relationship between the DE and green development and residents’ health.

Health Coef Std.err t p>|t| [95% conf. interval]

dig 0.1911995 0.0565738 3.38 0.001 0.0803101 0.3020888

green 0.2797069 0.0554032 5.05 0.000 0.171112 0.3883018

_cons 2.966607 0.0289706 102.4 0.000 2.909822 3.023392

provincial environmental pollution composite index to measure

regional green development. This study will investigate whether

the DE will affect residents’ health by influencing regional

green development.

In general, there are three steps to testing for mediation

effects. The first step focuses primarily on studying the effect

of dig on health, and the major objective of it is to assess the

significance of the estimated coefficient c. Table 7 displays the

corresponding results.

In light of the results in Table 7, the coefficient cis equal to

0.2742 and significantly favorable, revealing that residents’ health

improves greatly as a consequence of the DE. So that the second

step test may be taken out.

The coefficient a is what needs to be tested in the second

step test, which examines the effect of dig on green. The pertinent

findings are displayed in Table 8.

According to the results in Table 8, regional green development

is greatly aided by the DE, with the coefficient a equal to 0.2969

and being significantly positive. We therefore get on with the third

step test.

The third step test introduces the addition of the mediating

variable green development (green), primarily testing c′and b, to

explore the association between the DE, green development, and

residents’ health. Table 9 presents the findings from the regression.

As can be observed in Table 9, both the coefficients c′ and

b are positively significant and, respectively, equal to 0.1912

and 0.2797. After the introduction of the green development

indicator, the benefits of the DE for residents’ health do not

change, and green development is conducive to enhancing

residents’ health. The aforementioned findings show that

regional green development is an influential way for the DE

to benefit residents’ health. Overall, the argument is that

DE efficiently encourages regional green development by

lowering pollution, increasing energy efficiency, and encouraging

green industrial transformation, which in turn improves the

residents’ health.

Based on the tests above, the overall and the direct effect of

dig on health are both significantly positive, respectively, equal

to 0.2742 and 0.1912, and that the mediating role of the DE

in improving residents’ health by encouraging regional green

development is significantly positive, equal to 0.0830, accounting

for 30.27% of the overall effect.

7 Conclusion and insights

This study explores how the DE impacts residents’ health by

utilizing CFPS data in 2020. According to the study, (1) The

DE has a noticeable beneficial effect on residents’ health. (2)

The function that the DE plays for residents’ health differs by

region, with the eastern region having the greatest benefit. (3)

By encouraging regional green development, the DE enhances

residents’ health effectively.

The study offers the following three policy insights after

considering the results listed above: First, advance digital economic

development, and adequate attention should be given to the

DE’s function in improving residents’ health. Specifically, the

government should put more emphasis on improving the

construction of information infrastructure, enhancing residents’

digital literacy, and strengthening the leadership position of the

internet, as well as optimizing the regional business environment,

supporting the rational allocation of production factors, and

creating favorable conditions for the growth of the DE. Make

use of the DE’s beneficial functions in improving resource

utilization efficiency, encouraging green shifts in industries, and

promoting regional green development to promote the continual

improvement of residents’ health.

Second, enhance local environmental pollution inspection

and control, assisting the DE in improving residents’ health.

The government should work to build environmentally friendly

industries and support the green transformation of companies

in regions with more environmental pressure. Reasonable
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environmental management policies should be developed

based on the carrying capacity of regional resources. In order

to remove barriers that stand in the way of regional green

development, it is also necessary to strengthen the oversight

mechanism for the effectiveness of regional pollution control

and the implementation of environmental protection policies,

fully ensure the implementation of environmental policies, and

impose harsh administrative and monetary penalties on enterprises

that violate environmental restrictions. Additionally, to unlock

the potential of the DE, we must continue to explore more

channels where the DE may benefit residents’ health and work

with appropriate policies to reinforce the positive benefits of

the DE.

Finally, make digital economic development plans

that fit local characteristics to drive regional economic

development. Considering the regional variations in the

DE’s function on residents’ health, we should work to

remove obstacles preventing digital economic development

in economically underdeveloped areas and contribute to closing

the economic development gap. Specifically, it is essential

to integrate regional economic development features with

industry comparative advantages, execute distinct regional

DE development strategies, and support the growth of

digital industries. During this process, full attention should

be paid to the actual situation of regional development

and people’s livelihood issues. The central and western

regions should be given fiscal assistance to achieve a steady

improvement in the development level of the DE, committed

to promoting the application of the DE while driving regional

economic development.

These research directions can be explored in the future: First,

consider how the DE affects residents’ mental health; next, examine

how the development of digital infrastructure, digital governance,

and digital finance affect residents’ health; Third, analyze how

certain DE policies affect residents’ health.
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Impact of health insurance equity 
on poverty vulnerability: evidence 
from urban–rural health insurance 
integration in rural China
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and Management, Shanghai University of Political Science and Law, Shanghai, China, 3 School of Public 
Economics and Administration, Shanghai University of Finance and Economics, Shanghai, China

Background: In 2016, the Chinese government introduced an integration reform 
of the health insurance system with the aim to enhance equity in healthcare 
coverage and reduce disparities between urban and rural sectors. The gradual 
introduction of the policy integrating urban and rural medical insurance in pilot 
cities provides an opportunity to evaluate the policy impact. This study attempts 
to assess the policy impact of urban–rural health insurance integration on the 
chronic poverty of rural residents and to analyze the mechanisms.

Method: Based on the four waves of data from the China Health and Retirement 
Longitudinal Study (CHARLS) conducted in 2011, 2013, 2015, and 2018, 
we  employed a staggered difference-in-differences (staggered DID) model 
to assess the impact of integrating urban–rural health insurance on poverty 
vulnerability among rural inhabitants and a mediation model to analyze the 
mechanism channel of the policy impact.

Results: (1) Baseline regression analysis revealed that the urban–rural health 
insurance integration significantly reduced the poverty vulnerability of rural 
residents by 6.32% (p  <  0.01). The one health insurance system with one unified 
scheme of contributions and benefits package (OSOS, 6.27%, p  <  0.01) is more 
effective than the transitional one health insurance system with multiple schemes 
(OSMS, 3.25%, p  <  0.01). (2) The heterogeneity analysis results showed that the 
urban–rural health insurance integration had a more significant impact on 
vulnerable groups with relatively poor health (7.84%, p  <  0.1) than those with 
fairly good health (6.07%, p  <  0.01), and it also significantly reduced the poverty 
vulnerability of the group with chronic diseases by 9.59% (p  <  0.01). The integration 
policy can significantly reduce the poverty vulnerability of the low consumption 
and low medical expenditure groups by 8.6% (p  <  0.01) and 7.64% (p  <  0.01), 
respectively, compared to their counterparts. (3) The mechanism analysis results 
showed that the urban–rural health insurance integration can partially enhance 
labor supply (14.23%, p  <  0.01) and physical examinations (6.28%, p  <  0.01). The 
indirect effects of labor supply and physical examination in reducing poverty 
vulnerability are 0.14%, 0.13% respectively.

Conclusion: The urban–rural health insurance integration policy significantly 
reduced poverty vulnerability, and the OSOS is more effective than the OSMS. 
The urban–rural health insurance integration policy can significantly reduce 
poverty vulnerability for low consumption and poor health groups. Labor supply 
and physical examination are indirect channels of the impact. Both channels 
potentially increase rural household income and expectations of investment 
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in human health capital to achieve the policy objective of eliminating chronic 
poverty.

KEYWORDS

urban–rural health insurance integration, health insurance equity, poverty vulnerability, 
rural China, healthcare utilization, poverty due to illness

1 Introduction

China has achieved remarkable success in its anti-poverty 
strategies and social security policies. According to the international 
poverty standards set by the World Bank, China’s efforts in reducing 
poverty accounted for over 70% of the global poverty reduction, 
significantly advancing the progress of global poverty alleviation (1). 
The financial risks of pursuing medical treatment for severe illnesses 
can still devastate low- and middle-income families. On the one 
hand, as of 2015, China has achieved an introductory medical 
insurance coverage rate exceeding 95% of its population of 1.336 
billion (2), and the medical insurance coverage rate remained stable 
at more than 95% in 2022, with the number of participants reaching 
1.346 billion (3). The basic medical security system for universal 
coverage has been essentially completed. On the other hand, 
according to official poverty statistics from 2018, over 42% of 
registered poor households in China experienced poverty due to 
illness (4), and the proportion of poverty due to illness remained at 
40% in 2022 (5). This has resulted in the coexistence of “broad 
coverage” basic medical insurance and “high proportion” illness-
induced poverty.

High medical expenses will transform uncertain health risks into 
economic risks affecting family welfare. The prepayment pooling 
mechanism established by health insurance can provide social 
protection. Health insurance with comprehensive coverage and 
sufficient safeguards is one of the most crucial measures to combat 
poverty (6). However, the varying arrangements of health insurance 
systems for different population groups may diminish the anti-poverty 
effect of health insurance and result in inequity. China has witnessed 
a remarkable expansion in social health insurance coverage, with the 
establishment of the New Rural Cooperative Medical System (NCMS) 
and Urban Residents’ Basic Medical Insurance (URBMI) in 2003 and 
2007, respectively, catering to rural residents and urban 
non-employed individuals.

The utilization of outpatient and inpatient services has increased 
under the NCMS (7) while the cost of deliveries has decreased (8). 
However, there has been no reduction in overall out-of-pocket 
payments, and the health status of rural residents enrolled in the 
NCMS remains the same (9). There are indications of moral hazards 
on the supply side that the program has increased ownership of 
expensive equipment among central township health centers (10) and 
had no impact on cost per case. Additionally, participants in the 
NCMS receive relatively lower reimbursement ratios than their 
counterparts in the URBMI due to constrained funding (11). 
Although designed to protect against economic risk from inpatient 
care costs, the limited protective effect of the NCMS on medical 
impoverishment is primarily due to expensive outpatient services for 
chronic conditions (12).

The health outcomes of individuals covered by URBMI were 
significantly superior to those without insurance. The availability and 
quality of inpatient care for enrollees have improved, both while 
avoiding additional costs (13). The URBMI is designed as an equitable 
financing policy, with premiums not varying based on income or 
education levels. Low-income families express higher satisfaction 
levels with the URBMI (14), although beneficiaries from higher-
income groups tend to benefit more than those from lower-income 
groups. In other words, the health insurance fund (primarily 
composed of government subsidies) intended to support vulnerable 
populations has disproportionately benefited wealthier 
individuals (15).

Inequitable access to healthcare and financial protection for rural 
residents results from the fragmented social health insurance schemes 
between urban and rural regions (16). First, rural residents face lower 
actual reimbursement rates when seeking better quality medical 
services in advanced medical institutions in cities than their urban 
counterparts, resulting in heavier medical economic burdens. Second, 
the financing of the NCMS at the county level significantly weakens 
the portability of health insurance and the flow of rural residents 
seeking better job opportunities between counties and cities. Third, 
segmented health insurance systems have caused inefficiencies such 
as enrollee repeated participation that increase unnecessary operating 
costs and fiscal burden while distorting economic resource allocation 
and information sharing. To address healthcare inequality derived 
from the fragmentation of social health insurance between urban and 
rural areas, China implemented reforms to merge the NCMS with the 
URBMI, forming the Urban–Rural Resident Basic Medical Insurance 
(URRBMI). The URRBMI policy was officially implemented in 2016, 
but some provinces/cities began pilot policies around 2009.

The URRBMI significantly enhances inpatient care utilization 
among rural residents, particularly in the middle-aged and older adult 
groups, while demonstrating limited impact on improving health 
outcomes (17). The URRBMI notably increases consumption among 
vulnerable households with lower wealth or higher health risks by 
directly reducing medical expenses and indirectly influencing 
precautionary savings (18). The URRBMI expands the income group 
of rural residents, reduces out-of-pocket payments, improves the 
financial protection provided by basic medical insurance, benefits 
more low-income rural residents, and further enhances the overall 
health performance of rural communities. Implementing the 
URRBMI policy raises reimbursement rates and significantly improves 
financial protection and health performance. This is especially 
beneficial for low-income individuals within rural areas (19).

The research purpose of this study as follows. First, some pieces 
of literature have discussed the impact of the URRBMI on healthcare 
utilization and consumption. However, few studies have focused on 
the causal relationship between the URRBMI and persistent poverty. 
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Our study attempts to fill this literature gap by systematically 
evaluating the impact of the URRBMI on rural residents’ poverty 
vulnerability. Second, we conducted an empirical study with a more 
rigorous research design, which will make the results of policy 
evaluation more reliable and robust. The urban and rural health 
insurance integration in China was gradually carried out in  local 
provinces and cities from 2009 to 2020, which allowed us to employ a 
staggered difference-in-differences (staggered DID) mode to evaluate 
the policy effect of URRBMI through the empirical strategy of the 
quasi-natural experiment. We  carefully checked the policy 
implementation time announced on local official websites and 
combined it with four waves of data from the China Health and 
Retirement Longitudinal Study (CHARLS) for 2011, 2013, 2015, and 
2018. Third, we  used the mediator effect model to explore the 
mechanism of the URRBMI in reducing the possibility of poverty in 
the future by promoting physical examinations and increasing 
labor supply.

2 Institutional background

China has been unswervingly committed to the public policy 
practice of universal healthcare coverage (UHC) to protect all citizens, 
especially the impoverished population, from being excluded from the 
healthcare system due to economic risk. Since the establishment of the 
Urban Employee Basic Medical Insurance (UEBMI) for urban workers 
in 1998, the Chinese central government has unveiled a long-term 
plan for establishing multiple social health insurance schemes. It has 
expanded the coverage of the overall population. The New Rural 
Cooperative Medical System (NCMS) for rural residents and Urban 
Residents’ Basic Medical Insurance (URBMI) for urban non-employed 
residents were established in 2003 and 2007, respectively. The overall 
participation rate of basic medical insurance was only 22.1% in 2003 
(49.4% in urban areas and 12.6% in rural areas). With the continuous 

improvement of the basic medical insurance system, the overall 
coverage rate rose to 87.1% in 2008 (92.5% in urban areas and 71.9% 
in rural areas) (20).

China implemented a milestone healthcare reform in 2009 to 
provide affordable and equitable primary healthcare for all. This 
reform proposed a notable idea for integrating basic medical insurance 
to address health inequalities across urban–rural regions and 
operation inefficiencies. Since 2009, several provinces and cities, 
particularly those in the economically developed eastern coastal areas, 
have gradually initiated pilot policies for integrating urban–rural 
health insurance integration with the guiding principles of the 
healthcare reform policy document. In 2016, the State Council of 
China issued an official policy document on integrating the basic 
medical insurance system for the NCMS and URBMI, establishing six 
unified policy implementation principles (i.e., unified coverage, 
unified financing policy, unified benefits packages, unified catalog of 
health services and drugs, unified designated medical institutions, and 
unified fund management) to promote the integration process. The 
central government formulates the framework and policies uniformly 
for urban–rural health insurance integration, while local governments 
are responsible for implementing these policies. Before the State 
Council’s document issuance, nine provinces, including Tianjin, 
Shanghai, Zhejiang, Shandong, Guangdong, Chongqing, Ningxia, 
Qinghai, and Xinjiang, had already promoted integration efforts by 
establishing a unified medical insurance system for both urban and 
rural residents.

Three crucial policy changes can enhance the policy effectiveness of 
health insurance poverty alleviation. First, the URBMI and NCMS are 
administered by the Chinese Ministry of Human Resources and Social 
Security (MoHRSS) and China’s National Health Commission (NHC, 
previously China’s Ministry of Health), respectively. After implementing 
the integration policy, the NCMS and URBMI were uniformly 
administered by the MoHRSS for the Urban and Rural Residents’ Basic 
Medical Insurance (URRBMI). Table 1 provides concrete details about 

TABLE 1 Introduction to the institutional background of basic social medical insurance systems for urban and rural residents in China (URBMI, NCMS, 
and URRBMI).

Scheme URBMI NCMS URRBMI

Coverage eligibility

Urban non-working residents 

(including infants, children, and 

various types of students on campus)

Rural residents
Rural and urban residents not covered by the 

UEBMI

Benefits package

Mainly for inpatients and a unified 

reimbursement ratio of specific diseases 

for outpatients

Mainly for inpatients and a unified 

reimbursement ratio of specific 

diseases for outpatients

Mainly for inpatients and a unified 

reimbursement ratio of specific diseases for 

outpatients

The level of fund pooling Municipal level County level Municipal level

Financing model
Individual contribution + Government 

subsidy

Individual contribution + 

Government subsidy
Individual contribution + Government subsidy

Reimbursable ratio and list of 

drugs and medical services
Higher and wider Lower and narrower Upgrade for URBMI standards

Implementation time 2007 2003
Gradually, pilot cities from 2009; official policy 

documents implemented in 2016

Administration MoHRSS NHC MoHRSS from the integration, NHSA from 2018

Based on previous vital studies (19, 21, 22), we summarize the details of the institutional background for China’s basic social medical insurance systems for urban and rural residents and 
supplement the reform of management institutions after 2018.
URBMI, Urban Residents’ Basic Medical Insurance; NCMS, New Rural Cooperative Medical System; URRBMI, Urban and Rural Residents’ Basic Medical Insurance; UEBMI, Urban Employee 
Basic Medical Insurance; MoHRSS, Chinese Ministry of Human Resources and Social Security; NHSA, National Healthcare Security Administration; NHC, National Health Commission.
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the health insurance schemes of the URBMI, NCMS, and 
URRBMI. There are no rural or urban identity differences (i.e., the 
hukou requirement) for participating in the URRBMI. The unification 
of administration has relieved the waste of human resources and 
financial and economic burden, while information system sharing can 
effectively regulate duplicate health insurance participation problems. In 
2018, China established the National Healthcare Security Administration 
(NHSA), which was in charge of the URRBMI (merged from the NCMS 
and URBMI) and UEBMI. Second, the financing levels of the URRBMI 
have been upgraded from the county to the municipal level. This 
dramatically improves health insurance portability and expands the list 
of drugs and healthcare services. When rural residents go from towns or 
counties to local cities for healthcare in high-level healthcare service 
institutions (i.e., tertiary hospitals in China), they gain higher 
reimbursement than with the NCMS. The expansion fund pooling of the 
URRBMI has strengthened the capacity to prevent economic risks. 
Third, a differential premium payment standards and benefits package 
could be  adopted temporarily in areas where there is a significant 
difference in individual contributions standards between the URBMI 
and NCMS before implementing the integration policy. The central 
government allows local governments to gradually unify the scope of 
healthcare services and reimbursement standards, transitioning over 
2–3 years. After urban–rural health insurance integration, the actual per 
capita contribution and benefits package should not be lower than the 
current level. In the policy process promoting urban–rural health 
insurance integration, there are differences in the policies adopted by 
local governments. Some cities adopt an approach of one system with 
one scheme of contribution and benefits package (i.e., the OSOS), which 
directly unifies the financing and security benefits of the NCMS and 
URBMI in one step. Some cities adopt another approach of one system 
with multiple schemes (i.e., the OSMS), which links premium payment 
standards with reimbursement standards. In general, the OSMS offers 
three choices of health insurance scheme (scheme I, II, and III). Scheme 
I corresponds to a lower contribution and benefits package, and is close 
to the original standard for the NCMS. Scheme II corresponds to a 
moderate contribution and benefits package, and is close to the initial 
standard for the URBMI. Compared to the formers, scheme III 
corresponds to a higher level of contribution and benefits package, and 
is lower than the standard for the UEBMI. We use Qiqihaer City in 
Heilongjiang province in China as an example to illustrate the details of 
health insurance schemes differences in the details of the three health 
insurance schemes offered by the OSMS (Appendix Tables A1, A2 in 
Supplementary material). Although there are no differences in the 
benefits package of the OSOS for urban and rural residents, the relatively 
high level of premium payment of funding contributions is likely to 
exclude the participation of low-income rural families from the health 
insurance system, which means there is a potential possibility to reduce 
the coverage rate of health insurance for rural residents. The OSMS 
provides multiple health insurance scheme selections for participants, 
who can choose corresponding health insurance schemes based on their 
economic capabilities, ensuring the accessibility of health insurance to 
low-income rural families. Moreover, the transition plan of the OSMS 
can alleviate the critical pressure on the finance funding of health 
insurance in the initial implementation stage of the urban–rural health 
insurance. The problem of the OSMS is that the NCMS and URBMI 
formally integrate a health insurance system. Still, it does not entirely 
change the substantive multi-layer policy institutional arrangement to 
promote health insurance equity. When the equity of health insurance is 
improved, what are the policy effect differences between the OSOS and 

OSMS on long-term poverty? This question needs to be  answered 
through rigorous empirical research. The gradual implementation of the 
pilot policy process for the urban–rural health insurance integration 
provides a pivotal opportunity to identify policy effects through the 
research design of quasi-natural experiments. To assess the impact of this 
integration on poverty vulnerability, we  utilize the staggered DID 
econometric model and analyze potential impact mechanisms.

2.1 Data and method

We have compiled official policy regulations and documents 
released by the administration responsible for health insurance 
in local governments and collected the policy implementation time of 
urban–rural health insurance integration to form the city-level policy 
dataset (see Figure  1). There are 118 cities that implemented 
integration policies (103 cities for the OSOS and 15 cities for the 
OSMS) from 2011 to 2018, and we matched the city-level dataset 
information with individual-level microdata to form the available 
dataset for policy evaluation.

The China Health and Retirement Longitudinal Study (CHARLS) 
is a nationally comprehensive individual-level dataset, which is a large-
scale interdisciplinary survey project led by the National Development 
Research Institute of Peking University, jointly executed by the China 
Social Sciences Survey Center of Peking University and the Youth 
League Committee of Peking University. The project aims to collect 
high-quality microdata representing Chinese residents aged 45 and 
older. The national baseline survey began in 2011, and follow-up 
surveys were conducted every two to three years, covering 28 provinces 
(municipalities, autonomous regions), 150 county-level units, and 450 
community (village) units nationwide. As of the completion of the 
fourth wave nationwide follow-up survey in 2018, the sample covered 
a total of about 19,000 respondents from 12,400 households. The 
questionnaire included: demographic information, family structure, 
economic relations, health examination status, medical service 
utilization, medical insurance, work and labor supply, social security 
income, consumption, assets, and community information. The 
CHARLS has been widely recognized and applied in academic 
quantitative research due to its high-quality sample representation and 
data collection response rate. Our paper uses the four waves of the 
CHARLS (2011, 2013, 2015, and 2018) for the following considerations: 
first, the policy of urban-rural health insurance integration is 
implemented gradually in different provinces and cities. The CHARLS 
releases important geographical information about where the cities of 
individual household samples are located. Second, the respondents to 
the CHARLS are mainly aged 45 and older, with more demand for 
healthcare. The CHARLS includes comprehensive information on 
health insurance, healthcare services, and medical cost expenditures. 
Third, we  can adopt a rigorous research design based on the data 
structure of four waves of the CHARLS for evaluating the dynamic 
results of urban–rural health insurance integration on poverty 
vulnerability and ensuring the robustness of the estimated impacts of 
policy effects. Our research aims to explore the integration policy effect 
for rural residents who participated in the URRBMI merged from the 
NCMS and URBMI. We removed samples with urban resident hukou 
registration, duplicate health insurance coverage, participating in the 
UEBMI or commercial health insurance, and being uninsured. The 
estimation bias errors caused by the staggered DID model have aroused 
extensive discussion in the academic community (23–26). We can 
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relieve estimation bias errors through rigorous research design, 
including as many samples as possible that have always been in the 
control group during the sample period and minimizing the number 
of samples in the treatment group since the beginning of the sample 
period (25). We have removed samples of the policy implementation 
time before 2011, including Jiaxing (2003), Shenzhen (2004), Foshan 
(2007), Chongqing (2009), Chengdu (2009), Jiangmen (2010), and 
Tianjin (2010). After data processing, the final sample size for our 
research was 33,452 observations from 116 prefecture-level cities in 26 
provinces for 4 years (see Figure 2). The control variable data at the city 
and provincial levels were collected from the China City Statistical 

Yearbook and the National Bureau of Statistics. We matched macro 
data at the city and provincial levels with individual microdata from 
the CHARLS based on the year and city geographic information.

2.2 Description of variables

2.2.1 Dependent variable
To gain a comprehensive understanding of chronic poverty, 

we  leverage the concept of poverty vulnerability. Within the 
framework of poverty alleviation, it is generally defined as the ex-ante 

FIGURE 1

Accumulated number distribution of the Chinese cities implementing the policy of urban–rural health insurance integration for both the OSOS and 
OSMS. Based on the CHARLS sample, time information for the implementation of urban–rural medical insurance integration in cities is collated 
according to the official website document of the local government department responsible for administering the health insurance.

FIGURE 2

Flowchart of population selection.
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risk (i.e., adverse shocks, serious illness, lost job, bad harvest) that 
causes a household that is currently non-poor to fall below the poverty 
line or a household that is currently poor to remain in poverty (27–
30). Poverty vulnerability could be formally defined as the probability 
that the welfare (i.e., income) of a household i at time t will be below 
the poverty line at time t + 1.

 V income zi t i t, ,Pr= ≤( )+1  (1)

where incomei t, +1 is per capita household income and z is the 
official income poverty line. The current poverty standard means that 
the living standard of rural residents is less than 2,300 yuan per capita 
per year at the 2010 price in China, corresponding to the CHARLS 
sample survey timings (2,536 yuan for 2011, 2,736 yuan for 2013, 
2,855 yuan for 2015, and 2,995 yuan for 2018).

To estimate parameters and compute poverty vulnerability, 
we  deploy a three-step feasible generalized least squares (FGLS) 
procedure (27, 31). An in-depth exploration of the estimation 
methodologies and calculations can be  found in Appendix A in 
Supplementary material.

2.2.2 The key independent variable
The policy treatment variable of urban–rural health insurance 

integration is the key independent variable. We introduce three types 
of policy variables to identify the integration policy effects. First, the 
policy treatment variable, Dpolicyist , is set to 1 as individual I located 
in city s which implemented the urban–rural health insurance 
integration policy in the year t, and 0 for otherwise. Second, the policy 
treatment variable of Dpolicyist OSOS,  indicates that the city adopted 
a unified policy with one scheme. The policy treatment variable of 
Dpolicyist OSMS,  indicates that the city adopted differentiated policies 
with multiple schemes. The control group refers to the samples that 
did not implement the urban–rural health insurance integration 
policy during the sample time, and is set to the baseline control group 
to avoid the dummy variable trap in the regression. Third, in order to 
estimate the dynamic policy effects of the urban-rural health insurance 
integration, multiple policy periods dummy variables are introduced 
in our study, corresponding to the seven periods consisting of the 
occurrence of integration policy, before three periods and after three 
periods. As an example, assume that the year of policy implementation 
in a certain city is 2013, the definition of Dpolicyis t, −1, “the integration 
policy implementation before one period,” is set to 1 in the first round 
of the CHARLS 2011 (national baseline survey) and 0 for otherwise. 
The definition of Dpolicyis t, +2, “the integration policy implementation 
after two period,” in the fourth round of the CHARLS 2018 survey (the 
third national follow-up survey) is 1, and 0 for otherwise.

2.2.3 Control variables
To obtain reliable and consistent estimation of the rural–urban 

healthcare integration policy effects, we  controlled for a range of 
variables, including individual and household demographic 
characteristics, such as age, gender, marital status, education level, 
party membership, ethnic minority, self-assessed health, family size, 
household income, and eligibility for social assistance. We  also 
controlled the variables as to whether sewer systems and asphalt roads 
have been built in a community or village, the per capita gross 

domestic product (GDP) in a city, and the number of medical 
institution beds per 10,000 people in a province. These control 
variables, which may potentially affect the implementation of 
integration policies, represent the level of community infrastructure, 
the level of urban economic development, and the distribution of 
medical resources at the provincial level, respectively. We provide 
more details: the definition of the variables and the descriptive 
statistics of the sample in the baseline regression are provided in 
Tables 2, 3, respectively.

2.3 Empirical strategy

The urban–rural health insurance integration policy pilot is 
gradually being implemented in various cities, which gives us the 
opportunity for a quasi-natural experiment. We employed a staggered 
DID model as an empirical strategy to identify the integration policy 
effect on poverty vulnerability of rural residents through the 
overlapping DID model, as shown in Eqs. (2, 3).
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Poverty vulnerablityist_  represents the dependent variable of the 
probability of a household i falling below the poverty line in prefectural 
city s in t + 1 year. Dpolicyist (Dpolicyist OSOS, , Dpolicyist OSMS, ) is the 
key independent variable that the city s of household i  has 
implemented an integration policy in year t. Xist is a bundle of control 
variables. ∝i  is the fixed effects at the individual level and λt  is time-
fixed effect. εist is the error term. An important contribution of our 
study is to compare the differences in policy effects between the OSOS 
and OSMS. This also introduces the individual-level self-selection 
problem into the estimation model, where individuals can choose 
multiple health insurance schemes based on unobservable and time-
varying characteristics. In order to deal with the potential bias error, 
we chose to control the fixed effects at the individual household level. 
To avoid the bias error potentially introduced by the self-selection 
problem and non-linear models (32), we  opted for the linear 
probability model as the identification method. The linear probability 
model is easier to interpret and faster to run than other logistic 
models, which is especially important when dealing with large data 
sets or complex models (33). We use dynamic DID to achieve the 
dynamic effect of staggered DID and to test the critical parallel 
pre-trend hypothesis, as shown in Eq. (4). We set the event window 
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TABLE 3 Summary statistics.

Variable N Mean S.D. Min Max

Dependent variables

poverty_vulnerabilityist 33,452 0.298 0.457 0 1

Dpolicyist 33,452 0.338 0.473 0 1

Dpolicyist,OSOS 33,452 0.285 0.452 0 1

Dpolicyist,OSMS 33,452 0.0427 0.202 0 1

Independent variables

Age 33,452 60.31 9.747 35 97

Gender 33,452 0.52 0.5 0 1

Marital status 33,452 0.879 0.326 0 1

Education level 33,452 5.025 3.319 1.5 16

Party membership 33,452 0.075 0.263 0 1

Ethnic minority 33,452 0.066 0.247 0 1

Self-assessed health 33,452 0.288 0.453 0 1

Family size 33,452 2.965 1.597 1 16

ln(household income) 33,452 9.264 1.621 0 15.4

Eligibility for social assistance 33,452 0.113 0.316 0 1

Asphalt roads 33,452 0.598 0.49 0 1

Sewer system 33,452 0.186 0.389 0 1

ln(per capita GDP) 33,452 10.49 0.593 8.8 12.2

Medical beds 33,452 49.22 10.48 27.7 75.5

The summary statistics reported in Table 3 are based on the baseline regression sample.

TABLE 2 Definition of variables.

Variable Definition

Dependent variables

poverty_vulnerabilityist

The probability that per capita household income at time t will be below the poverty line at time t + 1. 1 for the 

probability of poverty vulnerability exceeds 0.5, 0 for otherwise.

Dpolicyist 1 for the implementation of the policy of urban–rural health insurance integration, 0 for otherwise.

Dpolicyist,OSOS 1 for the implementation of the policy of urban–rural health insurance integration with OSOS, 0 for otherwise.

Dpolicyist,OSMS 1 for the implementation of the policy of urban–rural health insurance integration with OSMS, 0 for otherwise.

Independent variables

Age The age of respondents in the year of the data survey.

Gender 1 for female, 0 for male.

Marital status 1 for married or cohabiting, 0 for otherwise.

Education level The years of education.

Party membership 1 for party membership, 0 for otherwise.

Ethnic minority 1 for ethnic minority, 0 for otherwise.

Self-assessed health 1 for self-assessed health level being above good, 0 for otherwise.

Family size The number of people living together in a household.

ln(household income) Total income earned by all family members (in logarithmic form).

Eligibility for social assistance 1 for the family being eligible for government subsidies for officially recognized low-income families, 0 for otherwise.

Asphalt roads 1 for asphalt roads having been built in a community or village, 0 for otherwise.

Sewer system 1 for sewer systems having been built in a community or village, 0 for otherwise.

ln(per capita GDP) Per capita gross domestic product (GDP, unit: 100 million yuan) of a city (in logarithmic form).

Medical beds The number of medical beds per 10,000 people in a province.

We set years of schooling for the variable of education level as follows: (1) No formal education (illiterate) for 1.5; (2) Did not finish primary school but capable of reading and/or writing for 3; 
(3) Elementary school (Sishu/home school) for 6; (4) Middle school for 9; (5) High school (vocational school) for 12; (6) Two-/Three-year college/Associate degree for 15; (7) Four-year 
college/Bachelor’s degree for 16; (8) Master’s degree for 18.5; and (9) Doctoral degree/Ph.D. for 22. The variable of self-assessed health is set to 1 for Excellent, Very good, and Good, and 0 for 
Fair, Poor, and Very poor.
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period of dynamic DID as three periods before and after the 
integration policy implementation. Since the CHARLS sample period 
is generally from July or August of the interview year to July or August 
of the previous year, many pilot cities implement the urban–rural 
health insurance integration policy at the end of the calendar year. It 
is likely that the policy will not work temporarily in the year of the 
integration policy implementation, but will work in the first period 
after the year. Therefore, we used the current period as the baseline 
control group in the dynamic test to avoid the dummy variable trap.

 0 1_ α α γ µ λ ε= + + + + +ist ist ist i t istLabor supply Dpolicy X  (5)
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As is shown in Figure 3, we used the mediation effect model to test 
that whether labor supply and physical examinations are important 
influencing mechanisms for the urban–rural health insurance 
integration policy to indirectly reduce the poverty vulnerability of 
rural residents, as shown in Eqs. (5–8) (34, 35).

3 Empirical results

3.1 Baseline regression results

We report the main estimation results regarding the impact of the 
urban–rural health integration policy on rural residents’ poverty 
vulnerability in Table  4, based on Eq. (2). Considering that the 
CHARLS has only published party membership and ethnic minority 
data in two data waves (2013 and 2018) and community (or village) 
characteristics in one data wave (2011), we matched data information 
across years while assuming that these individual and community 

characteristics remain stable in recent years. Controlling for these 
variables in Table 4 (column 2 in Table 4) does not affect the estimation 
of the integration policy effect. The estimated results show that the 
urban–rural health insurance integration policy significantly reduces 
the poverty vulnerability of rural residents by 6.32% (p < 0.01). Both 
the OSOS and OSMS can greatly alleviate chronic poverty. However, 
the policy effect for alleviating chronic poverty of the OSOS (6.27%, 
p < 0.01) is greater than that of the OSMS (3.25%, p < 0.01).

3.2 Heterogeneity analysis

To understand the different policy effects on various populations 
in terms of health and expense across two dimensions, we conducted 
a heterogeneity analysis and explore the potential mechanism. 
We chose self-assessed health for subjective health and chronic disease 
for objective health as a health dimension to group the samples. 
Integration policies are more likely to reduce the poverty vulnerability 
of groups with relatively poor health (7.84%, p < 0.1) than those with 
fairly good health (6.07%, p < 0.01). They also significantly reduce the 
poverty vulnerability of the group with chronic diseases by 9.59% 
(p < 0.01). We grouped the samples by household consumption and 
medical expenditure as expense dimensions. The integration policy 
can significantly reduce the poverty vulnerability of the low 
consumption and low medical expenditure groups by 8.6% (p < 0.01) 
and 7.64% (p < 0.01), respectively, compared to their counterparts. The 
heterogeneity analysis shows that the urban–rural health insurance 
integration policy has a greater effect on groups with poor health and 
low expense levels. We also conducted a preliminary exploration of 
the mechanism through heterogeneity analysis. The integration can 
significantly reduce household medical expenditure and has a greater 
effect on the low-consumption group (50.18%, p < 0.01) (Table 5).

3.3 Mechanisms

We employed the mediation model to explore two important 
mechanism channels, labor supply and physical examination, which 
have not been paid attention to in previous literature. The mediation 
model was set according to Eqs. (2, 5, 6) for labor supply and Eqs. (2, 
7, 8) for physical examination. We report the estimation results of 

FIGURE 3

Labor supply and physical examination as the mediator.
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mediation analyses in Table  6. For labor supply and physical 
examination, the total effect (path c) of integration policy is 
significantly negative according to the estimation for Eq. (2). The 
coefficient of path a (α1=14.34%, p < 0.01, η1=6.28%, p < 0.01) is 
significantly positive in column (1, 3), and the coefficient of path b (δ2
=0.95%, p < 0.01, κ2=2.09%, p < 0.01) is significantly negative in 

column (2, 4). The estimation of the mediation effect model showed 
that the indirect effects of labor supply and physical examination were 
0.14%, 0.13% (α δ1 2× ,η κ1 2× ), respectively. The proportion of 

indirect effect to total effect is 2.16, 2.05% α δ
α δ δ

1 2

1 2 1

×
× +




 , η κ

η κ κ
1 2

1 2 1

×
× +




 .

TABLE 4 The impact of urban–rural health insurance integration on poverty vulnerability.

Variable Vulnerability Vulnerability Vulnerability

(1) (2) (3)

Dpolicyist −0.0696*** −0.0632***

(0.0141) (0.0137)

Dpolicyist, OSOS −0.0627***

(0.0117)

Dpolicyist,OSMS −0.0325**

(0.0149)

Age −0.0058*** −0.0054*** −0.0054***

(0.0003) (0.0003) (0.0003)

Gender −0.0870*** −0.0838*** −0.0838***

(0.0054) (0.0053) (0.0053)

Marital status −0.2366*** −0.2452*** −0.2451***

(0.0092) (0.0088) (0.0088)

Education level −0.0455*** −0.0429*** −0.0429***

(0.0008) (0.0008) (0.0008)

Party membership −0.0289*** −0.0287***

(0.0097) (0.0097)

Ethnic minority −0.0939*** −0.0927***

(0.0108) (0.0108)

Self-assessed health −0.0828*** −0.0726*** −0.0725***

(0.0058) (0.0057) (0.0057)

Family size 0.0087*** 0.0109*** 0.0109***

(0.0019) (0.0019) (0.0019)

ln(household income) −0.0366*** −0.0305*** −0.0306***

(0.0019) (0.0018) (0.0018)

Eligibility for social assistance 0.0499*** 0.0454*** 0.0455***

(0.0089) (0.0086) (0.0086)

Asphalt roads −0.0793*** −0.0788***

(0.0060) (0.0060)

Sewer system −0.1928*** −0.1940***

(0.0066) (0.0066)

ln(per capita GDP) −0.1338*** −0.0918*** −0.0895***

(0.0050) (0.0051) (0.0052)

Medical beds −0.0025*** −0.0051*** −0.0054***

(0.0005) (0.0005) (0.0005)

Observations 33,452 33,452 33,452

Adj. R2 0.6035 0.6268 0.6269

Standard errors are in parentheses. The statistical significance is as follows: *** denotes p < 0.01; ** denotes p < 0.05; and * denotes p < 0.1. We controlled all estimation results for individual 
and year fixed effects.
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3.4 The parallel trend assumption test and 
robustness check

We report the estimation results of dynamic DID and robustness 
tests in Table  7. The interview time of the CHARLS samples is 
mainly concentrated in summers, from July or August of the survey 
year to July or August of the previous year. However, most pilot 
cities implement the urban–rural health insurance integration at 
the end of the year, which has a potential possibility that the policy 
effect will not work immediately. There may be a policy lag effect on 
the model estimation results. Therefore, the current period was set 
to the baseline control group in the dynamic DID model to avoid 
the dummy variable problem in our study. The estimation of 
dynamic DID indicates that there is no significant policy effect 
three periods before the implementation of the integration policy, 
and the parallel trend test is satisfied. The effect of the integration 
policy has significantly reduced the poverty vulnerability of rural 
residents after the implementation of three periods, and the effect 
of the policy has begun to decline as time goes by. If staggered DID 
includes the treatment groups (early treatment groups) from the 
beginning of the sample period, this could raise potential bias issues 
(25). The Chinese government promoted the urban–rural health 
insurance integration in 2016, and most prefecture-level cities 
began implementing the integration policy after 2017. We adopted 
a more flexible research design by excluding the CHARLS data of 
2018 to conduct the robustness test. The estimated regression 
results show that there is no serious bias issue in Table 7, column 
(2). We recalculated poverty vulnerability using the World Bank 
poverty standard of $1.25 per person per day in Table 7, column (2), 
and the results remain robust with China’s national poverty line 

estimation result. We estimated the results of the placebo test by 
moving forward the policy implementation time for all prefecture-
level cities by one period, and the estimation result in Table  7, 
column (4), indicates that the placebo test is satisfied.

4 Discussion

4.1 The policy implications of the baseline 
regression evaluation

We examined the impact of the urban–rural health insurance 
integration policy on the long-term poverty of rural residents. 
We found that the urban–rural health insurance integration policy 
significantly reduced poverty vulnerability, and the OSOS was more 
effective than the OSMS. This difference of the policy effect indicates 
very critical policy implications. The implementation of a 
comprehensive unified medical insurance scheme policy in the 
OSOS from the very beginning can fully meet the medical demand 
of rural residents. As previous studies have shown (15, 17), urban–
rural health insurance integration policies promote the accessibility 
of healthcare services, which can repair the current health human 
capital of rural residents in a timely manner and reduce the 
probability of poverty in the future period. The OSOS treats all 
urban and rural residents equally for the same contribution and 
benefits. The OSOS is the integration of urban and rural health 
insurance systems in real practice. The OSMS stabilizes the coverage 
of health insurance by providing multiple schemes for rural 
residents, preventing the probability of low- and middle-income 
rural residents leaving the health insurance system. But the OSMS 

TABLE 5 Heterogeneous impact of urban–rural integration on poverty vulnerability.

Variable Vulnerability Vulnerability Vulnerability Vulnerability Vulnerability

Good health Poor health Chronic disease No chronic 
disease

Low household 
consumption

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

Dpolicyist −0.0607*** −0.0784* −0.0959*** −0.0377 −0.0860***

(0.0193) (0.0419) (0.0219) (0.0305) (0.0253)

Control Y Y Y Y Y

Observations 19,768 3,873 14,957 6,954 12,374

Adj. R2 0.6514 0.6178 0.6602 0.6714 0.7056

Variable

Vulnerability Vulnerability Vulnerability
ln(medical 

expenditure)
ln(medical 

expenditure)

High household 
consumption

Low medical 
expenditure

High medical 
expenditure

Low household 
consumption

High household 
consumption

(6) (7) (8) (9) (10)

Dpolicyist −0.0195 −0.0764*** −0.0529** −0.5019*** −0.4148**

(0.0205) (0.0292) (0.0227) (0.1845) (0.2097)

Control Y Y Y Y Y

Observations 9,498 8,359 13,741 13,431 10,912

Adj. R2 0.6111 0.682 0.6504 0.474 0.491

Standard errors are in parentheses. The statistical significance is shown as follow: *** denotes p < 0.001; ** denotes p < 0.01; and * denotes p < 0.05. The grouping basis of the heterogeneity test 
is the median of household consumption and medical expenditure. The dependent variable for columns (9) and (10) is the logarithm of the family’s medical expenditure.
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is still in essence a transitional health insurance system arrangement 
that does not really address the separation between urban and rural 
in health insurance and does not fully promote health insurance 
equity. The unified integration policy can better achieve the effect of 
reducing long-term poverty. Therefore, considering the fairness of 

health insurance from the perspective of policy practice will be a 
policy design direction to be considered in the future reform of 
China’s health insurance system. China’s policy experience has 
important lessons for developing countries that continue to improve 
their health insurance systems.

TABLE 6 Mechanism analysis of the urban–rural health insurance integration.

Variable Labor supply Vulnerability Physical examination Vulnerability

(1) (2) (3) (4)

Dpolicyist 0.1434*** −0.0626*** 0.0628*** −0.0627***

(0.0251) (0.0139) (0.0146) (0.0139)

Mediation variable −0.0095*** −0.0209***

(0.0036) (0.0060)

Age −0.0139*** −0.0053*** 0.0073*** −0.0050***

(0.0005) (0.0003) (0.0003) (0.0003)

Gender −0.1335*** −0.0857*** 0.0290*** −0.0837***

(0.0093) (0.0054) (0.0057) (0.0053)

Marital status −0.0509*** −0.2456*** 0.0035 −0.2448***

(0.0130) (0.0090) (0.0094) (0.0089)

Education level 0.0196*** −0.0428*** 0.0045*** −0.0429***

(0.0016) (0.0009) (0.0010) (0.0009)

Party membership 0.1070*** −0.0280*** 0.0600*** −0.0277***

(0.0196) (0.0099) (0.0114) (0.0099)

Ethnic minority −0.0595*** −0.0935*** −0.0316*** −0.0935***

(0.0164) (0.0109) (0.0115) (0.0109)

Self-assessed health 0.1108*** −0.0773*** −0.0058 −0.0782***

(0.0111) (0.0059) (0.0066) (0.0059)

Social activity −0.0111** 0.0039 0.0239*** 0.0045*

(0.0051) (0.0027) (0.0031) (0.0027)

Chronic disease −0.0681*** −0.0241*** 0.0583*** −0.0222***

(0.0099) (0.0057) (0.0061) (0.0057)

Family size −0.0256*** 0.0107*** −0.0078*** 0.0108***

(0.0031) (0.0019) (0.0020) (0.0019)

ln(household income) 0.0397*** −0.0294*** 0.0081*** −0.0298***

(0.0017) (0.0019) (0.0011) (0.0019)

Eligibility for social 

assistance

−0.0656*** 0.0457*** 0.0144 0.0465***

(0.0127) (0.0087) (0.0093) (0.0087)

Asphalt roads 0.0232** −0.0815*** 0.0123* −0.0812***

(0.0103) (0.0061) (0.0064) (0.0061)

Sewer system 0.0685*** −0.1915*** 0.0507*** −0.1911***

(0.0134) (0.0067) (0.0077) (0.0067)

ln(per capita GDP) 0.0824*** −0.0921*** 0.0482*** −0.0919***

(0.0091) (0.0052) (0.0056) (0.0051)

Medical beds −0.0048*** −0.0050*** 0.0024*** −0.0050***

(0.0009) (0.0005) (0.0005) (0.0005)

Observations 38,103 32,637 38,129 32,654

R-squared 0.4686 0.6281 0.5455 0.6283

Standard errors are in parentheses. The statistical significance is shown as follow: *** denotes p < 0.001; ** denotes p < 0.01; and * denotes p < 0.05. The labor supply variable was set as the 
logarithm of the number of months worked in the past year. The physical examination variable was set as whether physical examination had been undertaken since the last interview. Column 
(2) in Table 4 and columns (1–2) in Table 6 jointly give the estimation results of the labor supply for the mediation model, corresponding to models (2), (5), and (6), respectively. Column (2) in 
Table 4 and columns (3–4) in Table 6 jointly give the estimation results of the physical examination for the intermediary effect model, corresponding to models (2), (7), and (8), respectively.
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4.2 Heterogeneity analysis indicates that 
integration policy improves the benefits for 
vulnerable groups

Previous literature on the evaluation of the policy effect of China’s 
basic medical insurance showed that although the NCMS significantly 
improved the healthcare utilization for rural residents, it did not 
significantly reduce the out-of-pocket payments for rural residents (8, 
9, 12). The URBMI for urban residents has more significant policy 
effects, which not only can significantly reduce the medical burden of 
urban residents but has a significant health promotion effect. However, 
the rich benefit more from health insurance funding of the URBMI 
than the poor (13, 15). According to the heterogeneity analysis in our 
study, the URRBMI merged from the NCMS and URRBMI can 
significantly reduce poverty vulnerability for low-consumption and 
poor health level groups, and can better reduce medical expenditure 
for low-consumption groups. First, the urban–rural health insurance 
integration policy was designed to promote equity in health insurance 
by increasing the healthcare reimbursement benefits for rural residents 
without significantly increasing the cost of participation. Second, the 
implementation of the integration policy has expanded the catalog of 
medical services and medicines. These policy initiatives have 
enhanced the accessibility of healthcare services for vulnerable groups. 
Third, the integration policy has elevated the level of health insurance 
financing from county to prefecture-level cities. The low-income 
groups will not be deprived of the economic protection provided by 
health insurance because of the administrative geographical location. 

It provides further key policy evidence that promoting health 
insurance equity can benefit vulnerable groups.

4.3 Mechanism analysis

Previous studies have explored the mechanisms for the impact of 
the urban–rural health insurance integration especially using the 
reimbursement channels of rural residents’ inpatient care utilization 
(17–19). The implementation of the urban–rural medical insurance 
integration has provided equitable health insurance treatment for 
rural residents by narrowing the reimbursement gap between urban 
and rural areas. The catalog of medicines and the scope of healthcare 
services have been greatly expanded. Rural residents have fully meet 
their demand for healthcare utilization, improving the under-
treatment situation. Village (or community) health centers that 
provide primary healthcare to rural residents have higher 
reimbursement rates after the integration policy.

The urban–rural health insurance integration promotes the 
financial pooling of the NCMS from county level to prefecture-level 
cities and effectively alleviates the “lock-in” effect by the county-level 
finance pooling of the NCMS on rural employment. Improving the 
portability of health insurance greatly increases the possibility for 
rural residents to seek healthcare services across urban and rural 
areas, and the mobility of rural residents for looking for a job with 
much better employment opportunities and higher income in cities. 
The urban–rural health insurance integration will be more likely to 

TABLE 7 The estimation of dynamic DID and robustness check.

Variable Vulnerability Vulnerability Vulnerability Vulnerability

(1) (2) (3) (4)

Dpolicyist −0.0605*** −0.0586***

(0.018) (0.014)

Dpolicyist(placebo) 0.0122

(0.011)

Dpolicyis,t-3 −0.0143

(0.009)

Dpolicyis,t-2 −0.0090

(0.013)

Dpolicyis,t-1 −0.0251

(0.016)

Dpolicyis,t + 1 −0.1149***

(0.013)

Dpolicyis,t + 2 −0.1005***

(0.017)

Dpolicyis,t + 3 −0.0824***

(0.016)

Control Y Y Y Y

Observations 33,452 18,034 33,452 33,452

Adj. R2 0.628 0.665 0.646 0.626

Standard errors are in parentheses. The statistical significance is shown as follows: *** denotes p < 0.001; ** denotes p < 0.01; and * denotes p < 0.05. The estimation results in column (1) of 
Table 7 is according to model (4). Column (2) in Table 7 reports the robustness estimation results according to model (2) after excluding the CHARLS 2018 sample.
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increase the labor supply of rural residents in cities indirectly and 
eventually reduces the possibility of future poverty among 
rural residents.

The urban–rural health insurance integration may also change 
rural families’ expectations for future health investment, producing an 
investment incentive effect in advance. It will increase physical 
examinations to meet the actual demand for healthcare service 
utilization, and rural residents can recover the loss of health human 
capital in a timely manner. Therefore, the integration policy indirectly 
increases the labor supply of rural residents to enhance the resilience 
of rural residents to get out of poverty in the future, and alleviate long-
term poverty.

4.4 Contributions and limitations

Our findings provide meaningful marginal contributions as 
follows: first, compared to previous studies, we have distinguished the 
differences in the role of the OSOS and OSMS in evaluating the 
effectiveness of the urban–rural health insurance integration policy. 
Second, heterogeneity analysis indicates that the urban–rural health 
insurance integration policy achieves the most important policy goal 
of health equity, allowing vulnerable groups to benefit more from the 
social health insurance system. The URRBMI merged from the NCMS 
and URBMI greatly improves the poverty alleviation effects. This has 
not been further explored in previous studies (17–19, 36). Third, 
based on a previous paper, we  carefully evaluated the policy by 
controlling for individual fixed effects rather than regional fixed 
effects, and explored the potential bias issues of staggered DID 
through a more concise research design. We also provide the dynamic 
effects of policy evaluation through dynamic DID.

Our paper also has some limitations. First, the impact of urban-
rural health insurance integration policy on poverty vulnerability 
through indirect channels such as labor supply and physical 
examination, but the policy effects of the indirect channel are very 
weak in absolute terms. Further research is needed to verify whether 
there are some other impact channels. Second, in order to assess the 
difference in policy effects between the OSOS and OSMS for robust 
outcomes, we  used a linear probability model for estimation and 
identification. Third, the CHARLS only published community-level 
data in 2011, and there may be data bias when matching to other years.

5 Conclusion

In this paper, we examined the impact of the urban–rural health 
insurance integration policy on the long-term poverty of rural 
residents. We found that the urban–rural health insurance integration 
policy significantly reduced poverty vulnerability, and the OSOS is 
more effective than the OSMS. The urban–rural health insurance 
integration policy can significantly reduce poverty vulnerability for 
low-consumption and poor health level groups, and can better reduce 
medical expenditure for low-consumption groups. Labor supply and 
physical examination are indirect channels. Our study confirms that 
the urban–rural health insurance integration achieves the policy effect 
of reducing the poverty vulnerability of rural residents. As policy 
implementation continues to improve, the OSMS will gradually shift 
to the OSOS, and we  believe that integrating policies to alleviate 

poverty is becoming increasingly critical. Promoting equity in the 
health insurance system remains a powerful and important policy 
option to alleviate poverty, especially for vulnerable groups.
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Introduction: Urban–Rural Resident Basic Medical Insurance (URRBMI) is an 
important system for effectively transferring disease risks to the rural older adult. 
As China experiences rapid aging, maintaining the physical health of the rural 
older adult is key to achieving the goal of healthy aging.

Methods: The study explores the impact of URRBMI on physical health of the rural 
older adult in China using the Chinese Longitudinal Healthy Longevity Survey (CLHLS) 
data in 2018. Ordinary least square models were used to analyze the relationship 
between URRBMI and physical health of the rural older adult, and we  used 
instrumental variable method to address the potential endogenous problem.

Results: We find that URRBMI greatly improves physical health of the rural older 
adult. The heterogeneity analysis indicates that URRBMI contributes more 
significantly to the rural older adult in eastern areas and the advanced rural 
older adult. The results also suggested that URRBMI improves physical health 
of the rural older adult through increasing life satisfaction and enhancing the 
timeliness of medical services.

Recommendations: This study implies that we  need to further improve the 
participation rate, increase the actual reimbursement ratio and increase financial 
subsidies for URRBMI in central and western areas, and further integrate the 
distribution of medical resources to promote physical health of the rural older adult.

KEYWORDS

urban–rural resident basic medical insurance, rural older adult, activities of daily 
living, CLHLS, China

Introduction

Population aging has become increasingly serious in all countries of the world, increasing 
life expectancy and changes in the disease spectrum have led to a worrying health status for 
the older adult. The older adult, especially rural older adult, as a vulnerable health group in 
the population as a whole (1), they generally face more serious disease risks, we should put 
more emphasis on the physical health of the rural older adult (2). In order to spread the disease 
risks, many countries around the world have established medical insurance schemes (3, 4). 
China began to integrate Urban–Rural Resident Basic Medical Insurance (URRBMI) based 
on the Urban Resident Basic Medical Insurance and the New Cooperative Medical Scheme in 
2016. The primary goal of URRBMI is to decrease the medical costs, promote the utilization 
of medical services and contribute to better health. The physical health of the rural older adult 
contributes to their life quality and well-being, and is also strongly linked to healthy aging. 
With the deepening aging, we must pay attention to the rural older adult and discover the 
healthy function of URRBMI for the rural older adult. Thus, it is an essential topic to discuss 
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whether URRBMI affects physical health of the rural older adult in 
China, this will help improve URRBMI policy and further enhance its 
healthy effects.

The Chinese government has always placed the protection of 
people’s health as a strategic priority for development, and has 
continuously improved its policies for the promotion of people’s 
health. Achieving the goal of “Healthy China” means that the 
achievements of development must benefit all residents fairly (5), 
especially the vulnerable and high-risk groups, ensuring that “no one 
is left behind.” Aging is an important demographic feature in China 
(6, 7). The aging problem is especially serious in rural China. 
According to the statistical data, China’s rural population aged over 60 
has reached 121 million, and the rural population aging at 23.81% (8), 
the scale of the rural older adult in China is huge. The number of older 
adult with limitations in Activities of Daily Living (ADL) will increase 
to 37.3 million in 2050 (1), and their demand for medical insurance 
is increasing.

Previous studies have examined the relationship between basic 
medical insurance and health status but have come to different 
conclusions. Several scholars have stated that basic medical insurance 
positively affects health status (9–11), because medical insurance can 
reduce the price of medical services (12), offer more opportunities for 
medical care and higher-quality health services (13). However, other 
researchers have shown that basic medical insurance has little effect 
on the improvement of residents’ health (14–16), the probable 
explanation lies in the fact that the current policy only focuses on the 
most basic issues, the finite reimbursement rates, and the limited 
protection for the health vulnerable population (17).

Many interesting results have been found on the above issues, but 
there are still some gaps needed to be filled. Several previous studies 
have mostly focused on the whole population. So far, however, in a 
rapidly aging society, there is an insufficient wealth of research 
dedicated to the health of basic medical insurance for the rural older 
adult, we are particularly concerned about the rural older adult in 
China, who are the most vulnerable to illness. Furthermore, most of 
the previous studies used self-assessed health to measure health status, 
but self-assessed health is subjective, so this study overcomes the 
shortcomings of self-assessed health by using ADL to represent the 
objective health status of rural older adult. Improving the physical 
health of the rural older adult is an essential task to cope with the 
healthy aging, we  must keep an eye on the rural older adult and 
explore the role of URRBMI for the rural older adult. It will help 
enrich the theory of basic medical insurance and the study of healthy 
aging issues.

This study uses the data from CLHLS in 2018 to explore how 
URRBMI influences physical health of the rural older adult in China. 
The article made the following contributions: First, the purpose of the 
study is to provide new empirical proof for current relevant studies by 
examining the influence of URRBMI on the physical health of the 
rural older adult under the context of healthy aging. Second, 
we discussed the heterogeneous influence of URRBMI on physical 
health of the rural older adult from the viewpoints of different areas 
and ages, and offers some critical perspectives for improving the 
URRBMI in the future. Third, we  also discussed the influence 
mechanism between URRBMI and physical health of the rural 
older adult.

The remainder of this study is organized as follows. Section 2 
proposes the research hypothesis. Section 3 presents the data sources 
and empirical models. Section 4 presents the empirical results. Section 

5 offers the discussion and policy recommendations, and finally, 
Section 6 offers the research conclusions and limitations.

Research hypothesis

URRBMI is an essential part of the social welfare scheme in the 
rural areas. When rural older adult are not enrolled in the URRBMI, 
they have to pay the full medical costs when they fall ill, and therefore 
they may choose not to receive treatment, which may be detrimental 
to their health. After participating in the URRBMI, on the one hand, 
the price of medical services has been decreased owing to the broaden 
of URRBMI coverage, and the health of the rural older adult can 
be promoted by decreasing out-of-pocket costs and enhancing their 
medical services utilization (18). On the other hand, URRBMI offers 
the rural older adult with protection against disease (19), it has 
changed the previous traditional concept of not seeking medical 
services for illnesses, and increased their motivation to pay attention 
to their physical health, and their awareness of physical health 
protection has become stronger and stronger. Therefore, participation 
in the URRBMI is expected to provide greater protection for the 
physical health of the rural older adult (20), so we  propose the 
following hypothesis:

H1: URRBMI can improve the health status of the rural 
older adult.

The principle of territorial financing and management of 
URRBMI in China means that there are obvious regional 
characteristics in the medical insurance resources actually possessed 
by each region. Due to the disparity in economic levels among the 
eastern, central and western areas, there are regional disparities in 
medical services received by the rural older adult in different regions. 
The eastern region of China is more economically developed (21, 22), 
and the financial subsidies invested in URRBMI have also increased 
(23), so the level of medical insurance coverage is generally better in 
the eastern region. The advanced medical resources and perfect 
medical conditions are mainly distributed in the eastern region (24, 
25), differences in the access to medical services in the eastern, central 
and western areas may further widen the gap in the medical insurance 
benefits for the rural older adult. Generally speaking, URRBMI 
contributed more strongly to the physical health of the rural older 
adult in eastern areas. We propose the following hypothesis:

H2a: The effect of URRBMI on physical health of the rural older 
adult in eastern areas is more significant than in central and 
western areas.

The life cycle theory provides an explanation for the fact that the 
rate of illness dramatically increases as people grow older (26). As 
we all know, age plays a fundamental role in the physical health of the 
older adult. Compared to the advanced rural older adult, younger 
rural older adult make relatively less use of medical services, because 
they are younger and their physiological functions have not 
deteriorated significantly. With increasing age, the health degradation 
rate of the advanced older adult rises. The advanced rural older adult 
are generally subject to more disease risks, and their specialized 
medical services need increases, which means that the advanced rural 
older adult are more in need of the protection of URRBMI. Wu et al. 
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also found that the medical insurance significantly reduces the 
mortality risk of the advanced older adult (27). Therefore, there is a 
possible age difference, and URRBMI has a more obvious promotion 
effect on the physical health of the advanced rural older adult. 
We propose the following hypothesis:

H2b: The effect of URRBMI on physical health of the advanced 
rural older adult is more significant than the younger rural 
older adult.

URRBMI promotes the access to medical services for the rural 
older adult and is an essential guarantee for meeting the medical 
demands of the rural older adult. By reimbursing the medical costs of 
the rural older adult, the disease financial burden has been reduced, 
thus minimizing the influence of catastrophic medical expenditures 
on the lives of the rural older adult and reducing to a greater extent 
the disease risks among the rural older adult. Finkelstein et al. also 
believes that medical insurance may have a positive effect on health 
due to the increased financial accessibility of medical care (28). At the 
same time, URRBMI helps rural older adult to reduce precautionary 
savings, increase current life consumption expenditures, and alleviate 
the pressure of life caused by medical care (29), the increase in relative 
incomes effectively improves life quality of the rural older adult and 
improve their life satisfaction, thus contributing to the improvement 
of their physical health.

H3a: Life satisfaction mediates the effect of URRBMI on physical 
health of the rural older adult.

According to the Anderson Health Services Utilization Model 
(30), timeliness of medical services utilization can improve the 
physical health of the rural older adult through more specialized 
medical resources (31). URRBMI, as a public policy to promote 
health, is beneficial to improving the accessibility of medical services 
for rural older adult, so that they can be more promptly informed of 
their own health status and can enhance health awareness of the rural 
older adult (32), thereby avoiding the expansion of disease risks. 
Hoffman et  al. also believes that medical insurance can further 
improve people’s health through the accessibility of medical services 
utilization (33). Therefore, URRBMI can promote the health status of 
the rural older adult by enhancing the timeliness of medical services 
utilization. We propose the following hypothesis:

H3b: Timeliness of medical services mediates the effect of 
URRBMI on physical health of the rural older adult.

Data, variables, and empirical model

Data

The study uses the latest data from CLHLS in 2018. CLHLS data 
is a national, large-scale database for the older adult (34–36), so 
CLHLS data samples are nationally representative. Besides, the 2018 
CLHLS data include detailed variables of URRBMI, physical health of 
the rural older adult, and timeliness of medical services, and so no, 
which are the basis for this analysis. According to the purpose of the 
study, the sample was selected according to the following criteria: to 

retain the aged 65 and above, have rural household registration and 
live in rural areas at the time of the survey. Additionally, the invalid 
samples with missing key information including URRBMI, ADL, 
gender, age, marriage, education years, smoke, drink, exercise, 
physical examination, co-residence, life satisfaction, timeliness of 
medical services and who pays for medical services mainly were 
eliminated, and the final valid samples is 9,551 (Figure 1).

Variables

Dependent variable

The dependent variable is physical health of the rural older adult. 
We use the ADL to reflect physical health. ADL is objective indicator 
of physical condition and can indicate the health condition of the rural 
older adult (37), and referring to the previous literature (38–41), ADL 
has been widely used to measure physical health, so we use ADL 
reflect the health status of the rural older adult. ADL was measured by 
the following items: (1) Bathing; (2) Dressing; (3) Indoor moving; (4) 
Toileting; (5) Continence of defecation; (6) Eating. Each item was 
scored from 1 to 3, and the total score of ADL could reveal the health 
status. The more scores the respondents received, the higher ADL 
reliance would be, which means they are in poor health (38). At the 
same time, we use a binary variable defined as ADL-1 that equals 0 if 
the respondent reported no limitation in six items above, and 
otherwise equals 1. We take ADL as a key proxy variable physical 
health of the rural older adult.

Independent variable

The independent variable is whether the rural older adult 
participated in URRBMI (URRBMI). The rural older adult enrolled in 
the URRBMI were assigned a value of 1, otherwise 0.

Control variables

According to the other studies (42–44), we selected the control 
variables as follows: gender (Gender), age (Age), marriage (Marriage), 
education years (Education), smoke (Smoke), drink (Drink), exercise 
(Exercise), physical examination (Examination), co-residence 
(Residence).

Instrumental variable

This study uses who pays for medical services mainly (Expense) 
as an instrumental variable, we  set Expense as 1–3, representing 
medical insurance payment, pay personally, and others, respectively. 
We  use Expense as the instrumental variable, the reasons are as 
follows: First, whether or not the rural older adult are enrolled in 
URRBMI is affected by the variable of who pays for medical services 
mainly, therefore, who pays for medical services mainly affects the 
willingness of the rural older adult to participate in URRBMI. Second, 
the variable of who pays for medical services mainly has no direct 
influence on the physical health of the rural older adult.
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Mediating variable

Life satisfaction (satisfaction) and timeliness of medical services 
(Service) may relate to the URRBMI and physical health of the rural 
older adult, which may affect the relationship between them. 
Relevant studies demonstrated that timely access to medical 
services could improve the chances of healthy survival for the older 
adult (45), and life satisfaction is known to be positively correlated 
with physical health (46). Referring to the previous literature (39, 
47–50), the study selected satisfaction and Service to examine the 
mediating effect.

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

Empirical model

Referring to the previous literature (43, 51, 52), the regression 
model is set as follows:

 ADL URRBMIi ii = + + +β β β ε1 2 3Controls  (1)

where ADL refers to the rural older adult physical health; 
URRBMI represents the variable of URRBMI; Controls stands for the 
above control variables, β1 indicates the intercepted item; β 2 denotes 
the coefficient of URRBMI; β3 is the coefficients of control variables; 
ε i is a normally distributed random error vector.

β 2 is the coefficient of interest. If β 2<0, it means that URRBMI 
promotes the physical health of the rural older adult. If so, H1 is 
confirmed. In contrast, if β 2>0, it indicates that URRBMI weakens 
the health status of the rural older adult. If so, according to the 
research, H1 does not stand.

Empirical results

Benchmark regression results

In this section, ordinary least square models were used to analyze 
the regression of physical health of the rural older adult. The estimated 

results are shown in Table 3. We see that all the coefficients of URRBMI 
are significantly negative at the 1% level. It means that URRBMI can 
prompt physical health of the rural older adult and confirm the H1 
is right.

For all the control variables, most of the estimates are in agreement 
with theoretical expectations. Specifically speaking, the coefficients of 
Gender, Age, and Residence are positive at the 5% level, which suggests 
that the better health of the rural older adult is more apparent among 
males, younger, and residence alone. Furthermore, at the 1% level, the 
coefficients of Marriage, Education, Smoke, Drink, Exercise, 
Examination is all negative. The findings show that married rural older 
adult have better physical health status, and education years, regular 
exercise, regular physical examination can prompt the physical health 
of the rural older adult.

Robustness test

In this study, we use the method of replacing the dependent 
variable for the robustness test, and since ADL-1 is a dummy 
variable, we adopt a binary logistic regression model to estimate the 
results. The results are given in Columns (1, 2) of Table  4. The 
coefficients of URRBMI are significantly negative at the 5% level, it 
means that URRBMI improve the physical health of the rural older 
adult, this suggests that URRBMI has a protective effect on the 
physical health of the rural older adult. The outcome is in 
accordance with the previous results, suggesting that the results 
keep highly robust and further support the conclusions of this 
study. The results for the control variables are also in agreement 
with the above results obtained from the ordinary least 
square models.

Endogenous test

As we all know, there may be a bi-directional causality between 
URRBMI and the health status of the rural older adult. Generally 
speaking, rural older adult in poorer health is more inclined to 
participate in URRBMI, this leads to endogenous problems as the 
health status of the rural older adult inversely affects the behavior of 

FIGURE 1

Sample selection procedure of this study.
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whether or not to participate in URRBMI (53). Therefore, we solve 
the endogenous problem using the instrumental variable method (54).

Columns (3, 4) of Table 4 present the estimation outcomes of the 
endogeneity test. The coefficient of URRBMI is still negative, the result 
is agreement with the previous findings and further demonstrates our 

conclusion. Compared to not controlling the endogeneity, we also find 
that the value of the regression coefficients of URRBMI decreases after 
controlling the endogeneity, suggesting that the impact of URRBMI 
in promoting the physical health of the rural older adult is 
underestimated if endogeneity is not addressed.

TABLE 1 The definitions of all variables.

Variables Symbols Definitions

Dependent variable

Activities of daily living ADL ADL is equal to 6–18 scale, representing the rural older adult physical health, respectively.

ADL-1 ADL-1 is equal to 1 if the rural older adult is restriction in six daily activities, and otherwise 0.

Independent variable

Urban–Rural resident basic medical insurance URRBMI URRBMI is equal to 1 if the rural older adult participated in the URRBMI, and otherwise 0.

Mediating variable

Life satisfaction Satisfaction Satisfaction is equal to 1–5, representing very good, good, so so, bad, very bad.

Timeliness of medical services Service Service is equal to 1 if the rural older adult can get timeliness of medical services, and otherwise 2.

Instrumental variable

who pays for medical services mainly Expense Expense is equal 1–3, representing medical insurance payment, pay personally, and others.

Control variables

Gender Gender Gender is equal 1 if the rural older adult is male, and otherwise 2.

Marriage Marriage Marriage is equal 1 if the rural older adult is in marriage period, and otherwise 0.

Age Age Age is 65–117.

Education years Education Education is 0–16, indicating that education years

Smoke Smoke Smoke is equal 1 if the rural older adult is smoke, and otherwise 0.

Drink Drink Drink is equal 1 if the rural older adult is drink, and otherwise 0.

Exercise Exercise Exercise is equal 1 if the rural older adult is exercise, and otherwise 0.

Physical examination Examination Examination is equal 1 if the rural older adult have regular physical examination, and otherwise 0.

Co-residence Residence Residence is equal 0–2, representing alone, with household member, institution.

TABLE 2 Descriptive statistics.

Variables Obs Mean S.D. Min Max

ADL 9,551 7.149 2.613 6.000 18.000

ADL-1 9,551 0.206 0.404 0.000 1.000

URRBMI 9,551 0.836 0.370 0.000 1.000

Gender 9,551 1.575 0.494 1.000 2.000

Marriage 9,551 0.375 0.484 0.000 1.000

Age 9,551 85.677 11.695 65.000 117.000

Education 9,551 4.260 5.791 0.000 16.000

Smoke 9,551 0.163 0.369 0.000 1.000

Drink 9,551 0.147 0.354 0.000 1.000

Exercise 9,551 0.239 0.427 0.000 1.000

Examination 9,551 0.692 0.462 0.000 1.000

Residence 9,551 0.841 0.406 0.000 2.000

Expense 9,551 1.572 0.587 1.000 3.000

Satisfaction 9,551 2.248 0.781 1.000 5.000

Service 9,551 1.037 0.188 1.000 2.000
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Heterogeneity analysis

We also investigate the heterogeneous effect from different 
regions and age. The estimation results are shown in Table  5. 
Columns (1), (2), and (3) are the results for western, central and 

eastern areas. Columns (4, 5) are the outcomes of younger rural 
older adult and advanced rural older adult.

At the 1% level, the URRBMI coefficients were significantly 
negative in the eastern region, but there is no influence on the central 
and western regions. The influence of URRBMI on the physical health 

TABLE 3 The Benchmark regression result.

Variables (1) (2)

URRBMI −0.302*** −0.241***

(0.072) (0.065)

Gender 0.127**

(0.056)

Marriage −0.235***

(0.064)

Age 0.0663***

(0.002)

Education −0.0128***

(0.004)

Smoke −0.232***

(0.072)

Drink −0.295***

(0.072)

Exercise −0.630***

(0.057)

Examination −0.727***

(0.053)

Residence 0.879***

(0.062)

Constant 7.402*** 1.607***

(0.066) (0.273)

Observations 9,551 9,551

R-squared 0.001 0.211

***p < 0.01, **p < 0.05; Standard errors are in parentheses (the same below).

TABLE 4 Regression results of robustness test and endogenous test.

Variables Robustness test Endogenous test

(1) (2) (3) (4)

URRBMI −0.158** −0.187*** −3.973**

(0.066) (0.071) (1.597)

Expense −0.030***

(0.006)

Control variables No Yes Yes Yes

Constant −1.218*** −0.414*** 0.872*** 10.806***

(0.060) (0.132) (0.022) (1.323)

Observations 9,551 9,551 9,551 9,551

Phase|F-value 21.186

DWH test p-value 0.007

***P < 0.01, **p < 0.05.
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of the rural older adult varies in different regions. Hence, this finding 
confirmed H2a, the effect of URRBMI on physical health of the rural 
older adult in eastern areas is more significant than in central and 
western areas.

Age was classified into two groups, 65–80 years old is considered 
as the younger rural older adult, and aged over 80 is considered as the 
advanced rural older adult. Columns (4, 5) in Table 5 present the 
results, the coefficient of URRBMI is significantly negative at the 1% 
level for the advanced rural older adult, while it is not significant for 
the younger rural older adult. The result suggests that the URRBMI 
promotes the health status of the advanced rural older adult, but it has 
no influence on the younger rural older adult. Hence, this finding 
confirmed H2b, the effect of URRBMI on physical health of the 
advanced rural older adult is more significant than the younger rural 
older adult.

Mediating effect

Mediated effects analysis can help researchers verify the processes 
and mechanisms of factor interactions. This study uses Hayes’ 

identification methodology and test steps to test the mediating effect 
(55, 56). The model is set as follows:

 M URRBMIi iediatori = + + +γ γ γ ε1 2 3Controls  (2)

 A URRBMI M Ci iDL ediatorii = + + + +η η η η ε1 2 3 4 ontrols  (3)

where Mediator indicates the variable of satisfaction or service, and 
the other variables are the same with the Model (1). If η2 and η3 are 
both significant, it suggests that life satisfaction and timeliness of 
medical services are partially mediating variables; but if η2 is not 
significant but η3 is significant, it suggests that life satisfaction and 
timeliness of medical services are fully mediating variables.

From the results of the Table 6. After adding two mediating 
variables, life satisfaction and timeliness of medical services, 
respectively. We can find that the coefficients of life satisfaction 
and timeliness of medical services were significant at the 1% level, 
it suggested that URRBMI improves the physical health of the 
rural older adult through increasing life satisfaction and 
enhancing the timeliness of medical services, respectively, with 

TABLE 5 Estimation results of heterogeneous analysis.

Variables Region difference Age difference

Western Central Eastern Younger rural 
older adult

Advanced
rural older adult

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

URRBMI −0.172 −0.102 −0.314*** −0.022 −0.329***

(0.123) (0.143) (0.099) (0.050) (0.103)

Control variables Yes Yes Yes Yes Yes

Constant 2.447*** 1.475*** 1.358*** 6.445*** 7.876***

(0.450) (0.478) (0.418) (0.121) (0.192)

R-squared 0.156 0.203 0.254 0.031 0.135

Observations 2,379 2,919 4,253 3,504 6,047

***p < 0.01.

TABLE 6 Results of mediating effect.

Variables (1) (2) (3) (4)

Satisfaction ADL Service ADL

URRBMI 0.062*** −0.270*** −0.016*** −0.227***

(0.0213) (0.0638) (0.00521) (0.0644)

Satisfaction 0.468***

(0.0306)

Service 0.852***

(0.127)

Control variables Yes Yes Yes Yes

Constant 2.198*** 0.579** 1.055*** 0.708**

(0.090) (0.278) (0.022) (0.303)

R-squared 0.034 0.230 0.012 0.215

Observations 9,551 9,551 9,551 9,551

***P < 0.01, **P < 0.05.
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both variables playing partial mediating roles, respectively. Hence, 
this finding confirmed H3a and H3b.

Discussion and recommendations

As an important medical security system design in China, 
URRBMI undertakes a number of missions such as ensuring health 
rights and safeguarding health justice (57). The study indicated that 
URRBMI is consistent with the fundamental goal of improving 
people’s health.

(1) In this study, we found that URRBMI can prompt physical 
health of the rural older adult. The results are consistent with the 
previous studies: medical insurance can significantly improve the 
health status of the older adult (58–61). As we all know, URRBMI can 
effectively reduce the medical expenditures, and increase the 
probability that rural older adult have access to higher-quality medical 
services which prompts the physical health of the rural older adult 
(62). Besides, with increasing age, the physical functions of the rural 
older adult deteriorate and their physical health gets worse. The study 
also suggested that marriage is a protective factor for physical health 
of the rural older adult, this is consistent with the findings of Fuhrer’s 
study (63). Regular exercise helps strengthen the immune system and 
thus reduces the likelihood of disease, so rural older adult who 
exercise regularly are in better physical health.

Due to the positive physical health implication of URRBMI on the 
rural older adult, it is quite necessary to further improve its 
participation rate (64). We should improve the design of URRBMI 
policy. Continuously expanding the coverage of URRBMI is a 
precondition for promoting the improvement of physical health of the 
rural older adult. Expansion of medical insurance coverage 
significantly increases medical services utilization (65). Particularly, it 
is difficult to ensure the sustainability of broad coverage due to the 
current policy of voluntary participation. To further broaden the wide 
coverage of URRBMI, consideration could be given to compulsory 
participation in the URRBMI for rural older adult.

(2) The study’s results suggested that URRBMI contributes more 
significantly to the rural older adult in eastern area and the advanced 
rural older adult. Because the sophisticated and high-quality health 
resources are largely distributed in the eastern region (24), rural older 
adult in eastern area enjoys a higher level of URRBMI, release higher 
medical demand and can gain medical services more easily (66). 
However, the economic development is slower in the central and 
western areas. Even though the URRBMI has increased the demand 
for medical services by the rural older adult, the demand for medical 
services still cannot be  met within the constraints of the existing 
medical conditions, so the promotion of URRBMI is not significant. 
Furthermore, as age increases, the physical health of the advanced 
rural older adult deteriorates and they need to consume more medical 
services to maintain their health (67), and the frequency and intensity 
of the advanced rural older adult use URRBMI is higher than that the 
younger rural older adult.

Due to the disparity in economic levels between the eastern, 
central and western areas, there are regional differences in the impact 
of URRBMI on the physical health of the rural older adult. We should 
narrow the basic medical insurance compensation gap among 
eastern, central and western areas. Specifically, we should continue to 
increase financial subsidies for URRBMI in the central and western 

areas, and gradually raise the overall level of URRBMI and minimize 
regional disparities. Reducing regional disparities in URRBMI 
reimbursement contributes to achieve the regional equalization of 
basic medical insurance services. Meanwhile, generous insurance 
reimbursement can decrease the price of medical services (68), it is 
particularly important to promote the physical health of the advanced 
older adult. We  should maintain the balance of income and 
expenditure of the medical insurance fund, reduce the threshold line, 
raise the ceiling line, and increase the actual insurance reimbursement 
rate to alleviate the financial burden of illness for the rural older 
adult, especially provide more precise safeguards for the advanced 
rural older adult.

(3) The results also showed that URRBMI improves physical 
health of the rural older adult through increasing life satisfaction and 
enhancing the timeliness of medical services. On the one hand, 
URRBMI has reduced the burden of medical expenses on the rural 
older adult and relatively increased their regular income, thus the 
rural older adult can spend more of their income on such areas as 
daily leisure consumption and preventive health care, and their quality 
of life has improved accordingly, which in turn has increased their life 
satisfaction and improved their physical health. On the other hand, 
timeliness of medical services shortens the time to acquire medical 
services, enhances the availability of medical services for rural older 
adult, thus enhancing their physical health.

To increase the timely access to medical services for rural older 
adult, we  should further integrate the distribution of medical 
resources. By optimizing the integration of medical resources, 
improving the efficiency of medical resources allocation, thus forming 
a reasonable and orderly pattern of access to medical services (69), 
which significantly improves spatial accessibility of medical services. 
It will help rural older adult obtain various types of medical services 
close to their homes, which could gain medical services immediately 
when they need it.

Conclusion and limitation

Using the CLHLS data in 2018, this study analyzed the influence 
of URRBMI on the health status of the rural older adult. We have 
come to the following conclusions:

First, the URRBMI greatly improves physical health of the rural 
older adult, and the results are robust. Second, there are regional and 
age differences in the impact of URRBMI on the physical health of the 
rural older adult. URRBMI plays a more vital role in prompting 
physical health of the rural older adult in the eastern area. 
Furthermore, compared with the younger rural older adult, the effect 
of URRBMI on improving the physical health of the advanced rural 
older adult is more obvious. Third, we provide extra evidence that life 
satisfaction and timeliness of medical services plays a mediating effect 
in the association between URRBMI and physical health of the rural 
older adult in China. The compensation mechanism of URRBMI has 
relatively lowered the price of medical services and enhanced the 
leisure consumption for the rural older adult, thereby increasing life 
satisfaction and promoting physical health, and URRBMI guarantees 
timely access to medical services for the rural older adult, which 
prevents minor illness from become serious ones (70).

However, there are following limitations in our study and 
further research is needed. First, the impact of chronic diseases on 

93

https://doi.org/10.3389/fpubh.2024.1319697
https://www.frontiersin.org


Pu et al. 10.3389/fpubh.2024.1319697

Frontiers in Public Health 09 frontiersin.org

ADL may be  significant, this could affect the analysis results. 
However, due to the incompleteness of the chronic disease data, 
chronic disease was not included as a control variable in this 
study. Second, as the research object of this study is the rural older 
adult and the relationship between URRBMI and their physical 
health, this study did not include the urban older adult, the 
comparison of the two groups could be studied as a new topic in 
the future.
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Introduction: Health status and access to healthcare services are crucial factors 
that directly impact the well-being of individuals and societies. In the European 
Union (EU), social protection measures are significant in supporting citizens’ 
health and providing access to healthcare resources.

Methods: This study investigates the relationship between social protection 
and health status in EU countries. We collected data from Eurostat on the EU 
member states’ health status, healthcare expenditure, and social protection 
expenditure. The paper used structural equation modeling (SEM) and cluster 
analysis to analyze the complex interplay among these variables.

Results: Findings revealed a strong positive correlation between EU countries’ social 
protection expenditure and healthcare status. Higher social protection spending was 
associated with improved access to healthcare services and facilities. Moreover, the 
analysis showed that countries with higher social protection expenditure tended to 
exhibit better overall health status indicators among their populations.

Discussion: The results suggest that adequate social protection expenditure 
positively influences health status in the European Union. By investing in robust 
social protection programs, governments can enhance citizens’ access to 
healthcare services and resources, ultimately leading to improved health outcomes. 
These findings underscore the importance of prioritizing social protection policies 
to address health disparities and promote public health in the EU.
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Introduction

Health status is a fundamental indicator of a society’s well-being and development. In the 
European Union (EU) context, promoting and maintaining good health among its citizens is 
a top priority for ensuring a prosperous and equitable future. Social protection measures have 
long been recognized as crucial in safeguarding individuals and communities from various 
risks, including health-related risks. These protective mechanisms, from health insurance 
schemes to social assistance programs, are pivotal in supporting vulnerable populations and 
enhancing access to essential healthcare services.

The current state of healthcare and social protection in the European Union (EU) is 
heavily influenced by the overarching goal of promoting the well-being and development of 
its citizens. With a focus on ensuring prosperous and equitable futures, EU member states 
prioritize measures that support good health and provide social protection against various 
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risks, including those related to health. However, these systems face 
significant challenges, particularly in light of factors such as population 
aging, financial crises, and the COVID-19 pandemic. These pressures 
highlight the need for modernization to improve efficiency in resource 
allocation, both financial and human, within healthcare systems.

Improving the efficiency of financial and human resource 
allocation to healthcare systems within the European Union represents 
a priority for European social protection and healthcare strategies. The 
health of the European population is monitored through indicators 
such as population health improvement concerning the quality of 
healthcare services, attracting and retaining specialists in the medical 
system, or enhancing the quality of life in connection with new 
treatments and medical protocols in the field (1). The fragmentation 
of the healthcare system and inadequate social protection, as observed 
in the American system, may generate challenges to the population’s 
health, which can rapidly deteriorate during pandemics, as seen in 
2020 during the COVID-19 pandemic (2). The relationship between 
social protection and health status has become a subject of increasing 
interest among policymakers, researchers, and public health experts. 
Understanding how social protection influences health outcomes in 
the EU is vital for developing effective and targeted policies to address 
health disparities and foster better health for all citizens.

Recognizing the crucial link between social protection and health 
outcomes, policymakers, researchers, and public health experts are 
increasingly interested in understanding how social protection 
initiatives impact the health of EU citizens. This understanding is 
essential for the development of targeted policies aimed at addressing 
health disparities and promoting better health outcomes for all.

The research gap that the study aims to address within the broader 
context of healthcare and social protection in the European Union is 
the need for a comprehensive understanding of the intricate 
connections between social protection initiatives and health 
indicators. While it is widely recognized that social protection plays a 
vital role in promoting better health outcomes and mitigating health 
disparities, there is still a lack of in-depth analysis regarding the 
specific mechanisms through which these programs contribute to 
improved health status among EU residents.

The paper seeks to provide evidence-based insights into the 
significant role of social protection in shaping health outcomes within 
the EU context to address this gap. We aim to fill this gap by employing 
a comprehensive approach that combines robust data analysis with 
relevant theoretical frameworks. Through empirical study, we aim to 
identify and elucidate the pathways through which social protection 
measures influence various health indicators, such as access to 
healthcare services, health behaviors, and health outcomes. 
Furthermore, the paper aims to make several significant contributions 
to the existing body of knowledge on healthcare and social protection 
within the European Union.

The COVID-19 pandemic has highlighted the critical importance 
of robust healthcare systems and comprehensive social protection 
measures in safeguarding the well-being of EU citizens. The pandemic 
has exposed vulnerabilities in healthcare infrastructures and 
exacerbated existing health disparities (3), underscoring the urgent 
need for effective policies that address these shortcomings (4). This 
study contributes to ongoing efforts to strengthen healthcare and 
social protection systems within the European Union, providing 
valuable insights that are particularly relevant in light of recent events 
like the COVID-19 pandemic.

The paper’s structure is as follows: after reviewing the existing 
literature, the paper exposes the methodological framework. The 
results of this study are expected to offer evidence-based insights into 
the significant role of social protection in shaping health outcomes in 
the EU. The discussions will contribute to a deeper understanding of 
the complex dynamics between social protection and health status. 
The conclusions encapsulate the findings of the paper.

Literature review

The World Health Organization (WHO) defines public health as 
“the organized efforts of society to promote, protect, improve, and 
restore the health of individuals, specified groups, or the entire 
population” (5). Essentially, public health is a comprehensive and 
integrated approach that aims to improve the health status of the 
entire population by promoting a healthy environment, preventing 
diseases, and promptly addressing existing health issues.

The efficiency of healthcare services has been the subject of 
extensive debates and concerns in health economics in recent years 
(6). This action involves providing accessible and patient-centered 
medical care by allocating limited healthcare resources and rejecting 
certain potentially beneficial programs or treatments for specific 
individuals. It is a suitable practice to ensure a rational, equitable, and 
cost-effective allocation of healthcare resources (6). Rising healthcare 
costs and demands have placed considerable pressure on health 
authorities to develop effective strategies for resource allocation. 
Efficient healthcare services require identifying mechanisms for cost-
effectively allocating limited resources and ensuring maximum 
benefits for patient populations (6–9).

The economic perspective regarding healthcare systems becomes 
increasingly important, considering the escalating costs and growing 
burden of diseases (10–12). In this context, optimizing these systems 
becomes crucial to ensure optimal utilization of limited resources and 
providing quality services at sustainable costs. Economic evaluation 
plays a vital role in the decision-making process for healthcare 
organizations and practitioners, providing valuable information 
regarding the impact and effectiveness of various policies and 
programs (6).

Despite the importance of these economic evaluations, a decline 
in healthcare resources remains a significant challenge, particularly in 
low-income countries or during periods of economic recession and 
public spending cuts (11, 13–16). The COVID-19 pandemic has 
further amplified the pressure on limited healthcare resources, 
presenting health systems with new challenges. In these challenging 
circumstances, adopting efficient policies and measures based on 
rigorous economic evaluations becomes even more critical to ensure 
effective resource management and adequate population protection.

Various authors (17–20) have addressed structuring public health 
financial allocations in studies conducted within European countries. 
In Eastern Europe, Cacace (19) observes a need to improve financial 
allocations for health systems, given the growing receipts for general 
social insurance. Abor and Abor (21) and Béland et  al. (22) 
recommend budgetary rebalancing measures, increased collection 
rates, and efficient utilization of allocated financial resources in the 
healthcare system. Kwon and Kim (23) believe that enhancing the 
resilience and sustainability of the healthcare system is necessary 
through strategies targeting disease prevention and control, health 
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monitoring, and efficient population information through the 
digitization of administrative and medical systems.

Healthcare allocations differ based on economic performance, 
contributing to poor performance when the healthcare system is 
underfunded (24–26). A proactive policy in healthcare funding is 
necessary, as a healthy population leads to more robust economic 
growth and requires fewer social protection services.

At the same time, research in health economics continues to play 
a vital role in addressing issues of accessibility and equity in healthcare 
delivery. Academic works in this field explore ways to streamline 
expenses, identify more cost-effective medical practices, and prioritize 
medical services for vulnerable groups (10–12). Research can 
contribute to shaping appropriate policies and strategies to address 
healthcare system challenges while ensuring universal access to 
essential medical services.

The European Union (EU) places significant attention on the 
implications of its policies on public health and social security to 
ensure equal access to high-quality and affordable medical and social 
services. The EU supports member states in achieving common 
objectives and promotes cooperation among countries to address 
common challenges (27). In health policies, the EU focuses on 
strategic objectives, including promoting good health, protecting 
citizens from cross-border health threats, supporting dynamic 
healthcare systems, and facilitating better access to medical services 
for EU citizens. However, various challenges remain, such as 
addressing the specific health needs of an aging population, adapting 
to demographic changes, reducing avoidable diseases, and tackling 
emerging health issues such as antimicrobial resistance.

Social protection services, including social assistance, are 
considered by Yokobori et al. (28) to play an essential role in improving 
access to healthcare services among vulnerable populations. Multiple 
systematic analyses have demonstrated the positive impact of social 
insurance on health. For example, social protection and social 
insurance provision have been associated with improved maternal and 
child health service utilization (28–30). Spaan et  al. (31) identify 
positive effects on health resulting from improvements in the health 
insurance system. However, Acharya et al. (32) found that improving 
the health insurance system did not significantly improve health for 
vulnerable groups, only benefiting the overall population. Sustainable 
and well-managed social programs can improve individual health and 
contribute to overall public health by creating a favorable health 
development and maintenance environment. These findings have 
significant practical and managerial implications (28). Integrating 
public health perspectives into developing and implementing social 
policies can create more comprehensive and targeted approaches to 
improving population health (27).

Based on previous research findings, we have formulated the first 
hypothesis of the research: Hypothesis H1. Social protection 
expenditure positively influences health status, alongside healthcare 
expenditure, within the European Union countries.

Numerous studies have highlighted the positive association 
between social protection expenditure and health outcomes (24–29). 
Social protection programs, such as universal healthcare coverage, 
income support, and social welfare initiatives, are designed to mitigate 
socio-economic disparities and provide individuals with access to 
essential healthcare services and resources (33–37). Ensuring equitable 
access to healthcare and addressing social determinants of health, 
social protection expenditure is expected to impact health status 

positively, leading to improved overall well-being and reduced 
morbidity and mortality rates (28).

Moreover, the synergy between social protection expenditure and 
healthcare expenditure is essential to achieve optimal health outcomes. 
While healthcare expenditure directly contributes to the provision of 
medical services and treatments, social protection expenditure 
complements these efforts by addressing broader social determinants 
of health, such as poverty, education, and housing (38–40). By 
investing in both healthcare infrastructure and social protection 
programs, countries can create a supportive environment conducive 
to better health outcomes for their populations (19, 20). The research 
gap lies in the need for a comprehensive understanding of the intricate 
connections between social protection initiatives and health indicators.

Figure  1 presents the theoretical model of the research. The 
proposed framework elucidates the interplay between social 
protection policies, healthcare spending, and population health 
outcomes, highlighting the complex relationships and pathways 
through which these factors interact. At its core, the conceptual 
framework is grounded in the recognition of the pivotal role that 
social protection mechanisms play in promoting health and well-
being. Social protection expenditure encompasses a range of policies 
and programs aimed at addressing socio-economic inequalities, 
ensuring access to essential services, and mitigating the impact of 
adverse social determinants on health. In tandem with social 
protection expenditure, healthcare expenditure represents a critical 
determinant of population health outcomes. Healthcare expenditure 
encompasses the financial resources allocated toward healthcare 
infrastructure, medical services, and public health initiatives. 
Healthcare systems and services investments aim to improve access to 
quality healthcare, enhance preventive measures, and address the 
burden of disease, ultimately contributing to better health outcomes 
among the population.

The conceptual framework postulates that social protection 
expenditure and healthcare expenditure are complementary and 
synergistic in their effects on health status. Social protection policies 
create an enabling environment conducive to better health outcomes. 
Healthcare expenditure, on the other hand, directly impacts access to 

FIGURE 1

The research theoretical model. Source: authors’ design based on 
literature review.
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medical services, treatments, and preventive care, thereby influencing 
individual and population health.

Within the European Union, the healthcare system is closely 
correlated with the social protection system to ensure access to 
healthcare services for vulnerable populations (41). This 
interconnectedness is fundamental in addressing health inequalities 
and ensuring that no person is left behind due to financial resources 
or other social constraints. Numerous academic papers emphasize the 
importance of extensive social protection services, including social 
assistance, during the COVID-19 pandemic (3, 4, 42). In this 
pandemic, vulnerable populations have been more exposed to health 
and social risks, and social protection services have proved essential 
in providing the necessary support to overcome difficulties 
and challenges.

The European Union has implemented collaborative strategies 
and programs that respond to common challenges in social protection 
and health (43). The healthcare domain can play an essential role in 
increasing the active working population and, therefore, can promote 
social inclusion and combat poverty (44). Various authors bring 
essential aspects of the link between social protection and public 
health to the forefront, emphasizing the positive impact of sustained 
well-being through significant social protection measures on the 
population’s overall health status (45–47). Researchers have identified 
that expanding and strengthening social protection systems can 
benefit public health, with countries having robust social protection 
programs showing better outcomes in this area (47–50).

McCartney et  al. (50) and Ullah and Harrigan (47) have 
highlighted several relevant aspects regarding the influence of social 
protection on public health. These studies have shown that well-
designed social policies, such as health insurance, social assistance, 
pensions, or support for people with disabilities, positively impact 
population health. Social protection can reduce health inequalities 
and improve health indicators for the entire population by ensuring 
access to quality medical services and adequate financial support.

Academic literature (1, 6) signals financial allocations for 
healthcare and social protection services imbalances. Social protection 
must include easy and free access to healthcare services for vulnerable 
populations exposed to poverty and aging to promote equitable 
healthcare access. Better health for vulnerable categories and 
prolonged active life improve the quality of life and reduce social 
protection expenses.

Structural reforms in social protection systems and investments 
in healthcare must go hand in hand to achieve public policy objectives 
and ensure universal access to quality medical care. Health investments 
are crucial to ensuring a healthy and equitable society within the 
European Union. A more efficient healthcare system can be achieved 
through responsible resource management and the implementation 
of appropriate reforms capable of meeting present challenges and 
addressing the health needs of EU citizens (43).

Based on previous research findings, we  have formulated the 
second hypothesis of the research: Hypothesis H2. EU countries can 
be  grouped into homogeneous clusters based on health status, 
healthcare expenditure, and social protection expenditure. This 
hypothesis is rooted in the recognition of inherent variations among 
EU member states regarding their healthcare systems, social 
protection policies, and health outcomes.

Numerous empirical studies have demonstrated the existence of 
distinct patterns and similarities among countries in terms of health 

status, healthcare expenditure, and social protection expenditure 
(17–19, 24–26). These variations can be attributed to diverse socio-
economic, political, and cultural factors that shape the healthcare 
landscape and social welfare policies across different EU nations. 
Furthermore, understanding the heterogeneity among EU countries 
is crucial for informing evidence-based policymaking and facilitating 
knowledge exchange and collaboration among member states. 
Homogeneous clusters provide insights into best practices 
implemented by countries with comparable profiles, thereby 
promoting mutual learning and fostering innovation in healthcare and 
social protection policies.

Efforts to improve healthcare and social protection systems must 
be integrated and coherent to ensure the health and well-being of all 
citizens. In this regard, collaboration among decision-makers, 
healthcare and social assistance experts, and representatives from civil 
society is essential to identify the most efficient and sustainable 
solutions (26). Social protection and access to healthcare are 
interdependent and play a crucial role in ensuring an equitable and 
inclusive healthcare system for all citizens.

Materials and methods

This research investigates the relationship between social 
protection and health status in European Union countries. To achieve 
this objective, we  collected data from Eurostat on health status, 
healthcare expenditures, medical resources, and social protection 
expenditures in 2020 for EU member states. Table  1 presents the 
research variables. Eurostat provides comprehensive and reliable data 
on various socio-economic indicators for EU member states. The 
indicators selected align closely with the research objectives, which 
aim to examine the relationship between social protection, healthcare 
expenditures, and health outcomes within the European Union. By 
using data from Eurostat and other official sources, we can effectively 
address the research objectives and generate evidence-based insights.

This study used Structural Equation Modeling (SEM) and 
cluster analysis to examine the complex interaction between these 
variables. SEM allows examining social protection expenditures’ 
direct and indirect effects on health status while controlling for 
potential confounding factors. This methodological approach is 
suitable for investigating the complex relationships and 
interdependencies between social protection and health status in the 

TABLE 1 Selected variables.

Variable Dataset Measure

HS1
Share of people with good or very 

good perceived health by sex
Percentage

HS2 Healthy life years at age 65 by sex Year

HE1 Total healthcare expenditure Euro per inhabitant

HE2 Total healthcare expenditure
Percentage of gross domestic 

product (GDP)

SPE1 Total expenditure Euro per inhabitant

SPE2 Social protection benefits
Net social protection as a 

percentage of GDP

Source: authors’ design based on collected data from Eurostat.
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context of diverse countries in the European Union. Furthermore, 
SEM offers several distinct advantages over alternative methods. 
Traditional regression analysis, for instance, may struggle to capture 
the complex interdependencies inherent in social protection systems 
and their impact on health outcomes (51). Additionally, while 
econometric techniques such as panel data analysis can account for 
temporal dynamics, they may not adequately capture the intricate 
causal pathways and feedback loops characteristic of social 
protection and health interactions. SEM, on the other hand, provides 
a flexible and robust framework for modeling such complex 
relationships, making it an ideal choice for this study’s analytical 
needs (52).

Cluster analysis will enable the identification of groups of 
countries with similar characteristics regarding social protection, 
healthcare expenditures, and health status. This analysis will provide 
a deeper insight into the existing variations among EU member states 
and help us understand how specific factors can influence the 
relationship between social protection and population health.

In conjunction with SEM, cluster analysis is employed further to 
enrich the understanding of the heterogeneity among EU member 
states in terms of social protection, healthcare expenditures, and 
health status. By identifying distinct clusters of countries with similar 
characteristics, this analysis facilitates the identification of patterns 
that may not be immediately apparent through traditional statistical 
methods. Moreover, cluster analysis complements SEM by providing 
a visual and intuitive representation of the underlying structures 

within the data, thus enhancing the interpretability and applicability 
of the findings.

The integration of SEM and cluster analysis within the 
methodological framework of this study allows for a comprehensive 
and nuanced exploration of the complex relationships between social 
protection and health status in the European Union. By leveraging the 
strengths of these analytical techniques, the paper aims to uncover 
novel insights that can inform evidence-based policymaking and 
contribute to the enhancement of public health and social welfare 
across the region.

Results

Investigating hypothesis H1 involved using Partial Least Squares 
Structural Equation Modeling. The software utilized for hypothesis 
testing was SmartPLS v3.0. The theoretical model was tested, with 
each latent variable having two observable variables: health status 
(HS1 and HS2), healthcare expenditure (HE1 and HE2), and social 
protection expenditure (SPE1 and SPE2). The obtained model showed 
SRMR 0.148 and NFI 0.357, as well as high reliability. The descriptive 
statistics are presented in Table 2. To enhance model reliability and 
validity, we removed the observable variables reported to GDP (HE1 
and SPE2), which affected the relationship between latent variables, as 
recommended by Hair et al. (3). The resulting valid model is illustrated 
in Figure 2.

TABLE 2 Descriptive statistics.

N Minimum Maximum Mean Std. deviation Skewness Kurtosis

HS1 27 44.30 83.70 68.1296 9.41140 −0.868 0.537

HS2 27 4.40 15.90 9.0444 2.73163 0.252 0.041

HE1 27 712.57 5875.34 2858.4474 1790.67771 0.423 −1.470

HE2 27 5.77 12.82 9.1744 1.94804 0.019 −1.089

SPE1 27 1661.23 24823.13 8310.2726 5922.09617 0.967 0.475

SPE2 27 14.16 33.09 23.1756 4.91408 0.065 −0.935

Source: authors’ design based on collected data from Eurostat.

FIGURE 2

Empirical model. Source: authors’ design using SmartPLS v.3.0 (53).
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TABLE 3 Discriminant validity.

Health status Healthcare expenditure Social protection expenditure

Health status 0.884

Healthcare expenditure 0.709 1

Social protection expenditure 0.615 0.946 1

Source: authors’ design using SmartPLS v.3.0.

TABLE 4 Specific indirect and total effects.

Original sample Sample mean Standard deviation T statistics p values

Social protection expenditure - > Healthcare expenditure 

- > Health status
1.139 1.179 0.467 2.437 0.015

Healthcare expenditure - > Health status 1.204 1.237 0.48 2.508 0.012

Social protection expenditure - > Health status 0.615 0.632 0.076 8.077 0.000

Social protection expenditure - > Healthcare expenditure 0.946 0.953 0.019 49.483 0.000

Source: authors’ design using SmartPLS v.3.0.

The model exhibits good fit indices (SRMR 0.075 and NFI 0.904). 
The reliability of the latent variable, health status, characterized by two 
observable variables, is excellent (Cronbach’s Alpha 0.727; Composite 
Reliability 0.877; Average Variance Extracted 0.781). The model’s 
discriminant validity is also excellent, as depicted in Table 3 using the 
Fornell–Larcker criterion (4).

Using a bootstrapping procedure, we obtained path coefficients 
within the model, illustrating direct and indirect relationships between 
latent variables. Table 4 presents the total and indirect effects recorded 
between latent variables.

The relationships from Table 4 confirm the validity of hypothesis 
H1. Social protection expenditures significantly positively influence 
health status, but healthcare expenditure mediated this influence. 
Social protection is typically associated with substantial vulnerable 
groups with poor health status (8–10), which results in a negative 
direct relationship between social protection expenditure and health 
status. Social protection should be directed towards health-related 
expenditures to involve more individuals in the active 
working population.

To explore hypothesis H2, we conducted cluster analysis using the 
method of within-groups average linkage with a squared Euclidean 
distance interval. The resulting dendrogram, depicted in Figure 3, 
illustrates the clustering of countries into homogeneous groups.

The first cluster comprises countries characterized by high values 
across the selected research variables (Table 5). Notably, Ireland stands 
out with the highest percentage of individuals reporting good or 
excellent health status, at 83.7%, followed by several other countries 
such as Austria, Netherlands, Sweden, and Belgium, all with 
percentages exceeding 70%. Additionally, Sweden leads in the number 
of healthy years for individuals aged 65, with 15.9 years, followed 
closely by Ireland and Germany. In terms of healthcare expenditures, 
Luxembourg tops the list with total expenditures of 5,875.34 euros per 
inhabitant, followed by Denmark, the Netherlands, Ireland, and 
Germany. Surprisingly, countries with the highest healthcare 
expenditures, such as Luxembourg, Denmark, and the Netherlands, 
do not necessarily have the highest percentages of individuals 
reporting good health, indicating a lack of direct correlation between 
healthcare spending and health outcomes. However, there appears to 
be  a positive association between higher social protection and 

healthcare expenditures and healthier populations, as reflected in 
higher GDP per capita.

On the other hand, the second cluster comprises countries with 
lower values across the selected research variables (Table  6). For 
instance, Lithuania reports the lowest percentage of individuals with 
a good or excellent perception of health, at 44.3%, compared to Greece 
with 78.6%. The number of healthy years at age 65 is also lower in this 
cluster, with a mean of 7.8 years compared to the EU average of 
9.0 years. Moreover, total healthcare expenditures in this cluster are 
significantly lower than the EU average, ranging from 712.57 euros 
per inhabitant in Romania to 2689.82 euros per inhabitant in Italy. 
Similarly, social protection expenditures are lower in this cluster 
compared to the EU mean, with Croatia reporting the lowest value 
and Italy the highest.

Overall, the clustering analysis reveals substantial disparities 
among EU countries in terms of population health status, healthcare 
expenditures, and social protection levels. While each country faces 
challenges in providing sustainable healthcare and social protection 
systems, those investing more in these sectors tend to have better 
population health outcomes. In conclusion, hypothesis H2 is 
supported, as EU countries can indeed be grouped into homogeneous 
clusters based on health status, healthcare expenditure, and social 
protection expenditure.

Discussion

The paper’s findings are broadly consistent with prior studies that 
emphasize the solid link between social protection and public health 
within the European Union. Like the previous studies cited (47, 50), 
our research also suggests that improving well-being through social 
protection measures can positively impact the quality of life and 
overall health of EU citizens. This alignment underscores the 
importance of understanding and leveraging these connections to 
inform the development of policies aimed at promoting a healthier 
and more equitable society within the EU. Health investments are 
essential for the European Union in addressing the challenges 
identified in its health strategy, especially considering the accentuated 
impact of the economic crisis. The EU faces critical factors, such as an 
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FIGURE 3

Dendrogram. Source: authors’ design using SPSS v.27.

TABLE 5 Cluster 1.

HS1 HS2 HE1 HE2 SPE1 SPE2

Austria 74.0 8.1 4865.28 11.39 14511.96 29.97

Netherlands 77.9 9.9 5108.39 11.14 14973.43 23.94

Germany 63.9 11.1 5192.41 12.82 13509.79 28.74

Sweden 76.5 15.9 5260.21 11.33 13597.06 25.46

Belgium 75.4 10.8 4462.34 11.20 13021.27 28.98

France 68.4 11.1 4159.55 12.16 13034.78 33.09

Finland 70.0 9.9 4137.71 9.61 13724.60 27.89

Ireland 83.7 11.9 5311.33 7.10 11606.48 14.16

Denmark 71.3 11.2 5642.26 10.53 17585.71 26.82

Luxembourg 73.6 10.9 5875.34 5.77 24823.13 21.49

Cluster means 73.5 11.1 5001.5 10.3 15038.8 26.1

UE mean 68.1 9.0 2858.4 9.2 8310.3 23.2

Source: authors’ design using SPSS v.27.
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TABLE 6 Cluster 2.

HS1 HS2 HE1 HE2 SPE1 SPE2

Cyprus 77.5 7.3 2063.70 8.41 5923.02 22.48

Slovenia 67.2 10.3 2109.68 9.45 5824.37 25.11

Portugal 51.3 7.7 2049.89 10.55 5354.66 24.62

Malta 75.7 12.8 2747.22 10.84 5090.18 19.25

Spain 73.0 11.6 2537.76 10.71 7089.21 27.57

Czechia 63.4 7.5 1859.16 9.24 4430.58 21.28

Greece 78.6 7.6 1469.31 9.51 4547.81 26.53

Estonia 58.4 7.1 1564.65 7.75 3969.42 18.27

Bulgaria 66.7 9.3 753.65 8.52 1661.23 18.18

Romania 73.0 5.9 712.57 6.27 2027.42 16.83

Hungary 62.1 7.6 1031.55 7.30 2588.09 17.67

Latvia 49.7 4.4 1154.22 7.45 2766.14 16.49

Lithuania 44.3 5.9 1335.32 7.54 3472.47 18.62

Slovakia 65.3 4.7 1219.91 7.23 3352.20 19.04

Croatia 63.7 5.0 962.91 7.77 3008.81 23.34

Poland 61.6 8.2 901.94 6.49 3292.14 21.16

Italy 73.3 10.5 2689.82 9.63 9591.40 28.76

Cluster means 65.0 7.8 1597.8 8.5 4352.3 21.5

UE mean 68.1 9.0 2858.4 9.2 8310.3 23.2

Source: authors’ design using SPSS v.27.

increasing older adult population, a rising number of chronic diseases, 
higher demands for medical assistance, and elevated costs associated 
with technological advancements in healthcare (35). Achieving better 
value for money through appropriate reforms and investments in the 
healthcare system is crucial to addressing these challenges (54).

Health investments can bring significant benefits by improving 
the efficiency and quality of medical services without necessarily 
incurring higher costs (55). Through appropriate reforms and efficient 
resource management, more thoughtful use of healthcare funds can 
lead to savings and better health outcomes for the population (43).

In this paper, we aimed to investigate a hypothesis (H1) suggesting 
that social protection expenditure positively influences health status 
in EU countries, and this influence occurs through healthcare 
expenditure. To test this hypothesis, we employed structural equation 
modeling to analyze the relationships between variables and to 
examine whether healthcare expenses mediate the effect of social 
protection expenditures on health status. The results obtained from 
structural equation modeling support hypothesis H1. According to 
the research findings, we identified a significant positive correlation 
between healthcare expenditures and health status, confirming 
previous research conclusions (1, 28, 43, 56, 57) about the importance 
of healthcare investments in promoting a healthy population and 
societal well-being. We found a significant positive influence of social 
protection expenditures on health status mediated through healthcare 
expenditure. A greater allocation of resources towards social 
protection is frequently related to larger vulnerable groups with 
meager health. This fact explains the negative influence of social 
protection expenditures on health status in EU countries. Directing 
social protection expenditures towards health-related aspects 
improves the population’s health in EU countries and consequently 

reduces the future demand for social protection due to fewer 
vulnerable population groups. A higher allocation of resources in 
social protection can facilitate access to quality medical services, 
thereby promoting better population health. These results suggest that 
an integrated and balanced approach combining social protection and 
healthcare expenditures can improve health and well-being in the 
EU population.

Hypothesis H2 suggests that EU countries can be grouped into 
homogeneous clusters based on health status, healthcare expenditures, 
and social protection expenditures. To test this hypothesis, we used 
cluster analysis to examine relevant data from a set of European 
countries. The results obtained from cluster analysis largely confirm 
hypothesis H2. We identified distinct groups of countries with similar 
characteristics regarding health status, healthcare expenditures, and 
social protection expenditures. These clusters provide relevant insights 
into the health and well-being situation in various regions of the 
European Union.

One provoking aspect observed in the cluster analysis is the 
existence of groups of countries with high levels of healthcare and 
social protection expenditures but varying health statuses. Within the 
cluster analysis, we noticed that certain countries stand out due to 
specific characteristics that position them uniquely in the European 
context. For example, countries like Luxembourg and Denmark stood 
out for high healthcare and social protection expenditures, 
accompanied by relatively good health status. In contrast, countries 
like Bulgaria and Romania recorded low levels of expenditures, as well 
as health and social protection.

It is essential to mention that these conclusions are based on the 
data available during analysis, and the situation may evolve. However, 
cluster analysis offers a valuable perspective on the diversity and 
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similarities among EU countries regarding healthcare and social 
protection domains.

Health status affects work capacity, pushing entire groups towards 
the category of vulnerable populations with low incomes, who access 
social protection services more frequently (58). Investing in social 
protection services alone is insufficient to protect populations from 
poverty. The paper advocates for effective investments in healthcare 
and social protection systems to combat poverty and social exclusion. 
Improving the population’s health level strengthens employability, 
drawing more individuals out of vulnerable segments and breaking 
the vicious cycle of poor health, poverty, and social exclusion (43).

Regarding social security policy, the EU complements the 
activities of member states by encouraging cooperation and sharing 
best practices (27). It recognizes the importance of adequate social 
protection for vulnerable groups and self-employed individuals in 
atypical work conditions. Cross-border workers and greater labor 
mobility require consolidated cooperation to prevent unfair social 
competition and ensure fair working conditions. The EU’s focus on 
health and social policies aims to promote a healthier and more 
inclusive society while recognizing the diversity and autonomy of the 
national social security system (27).

Consistent with prior studies, our research highlights the 
importance of social protection measures in enhancing the well-being 
and overall health of EU citizens. Furthermore, the study supports the 
assertion that health investments are essential for addressing the 
challenges outlined in the EU’s health strategy, particularly considering 
the impact of economic crises and demographic shifts.

Theoretical implications

By examining various aspects of social protection, this study aims 
to highlight how these policies can improve health outcomes and the 
overall well-being of EU citizens. Adequate social protection can 
provide financial support and assistance to individuals, enabling them 
to afford essential medical services and treatments. This fact could 
lead to earlier detection and better management of diseases, as well as 
reduce health disparities among different socio-economic groups.

Social protection policies can act as a buffer against economic 
instability and social determinants of health. Unexpected economic 
events can negatively impact health, as individuals facing financial 
stress may neglect their well-being. Social protection programs, such 
as unemployment benefits or housing support, can provide a safety 
net during difficult times, reducing the potential negative impact on 
health outcomes. By targeting vulnerable populations and providing 
adequate resources, social protection measures can contribute to 
narrowing health disparities among different social categories, 
fostering a more inclusive and healthier society overall.

The paper emphasizes the importance of robust social protection 
policies in promoting better health outcomes and improving the well-
being of individuals in the EU. By understanding these potential 
connections, decision-makers can work towards developing more 
effective social protection strategies that positively impact public 
health throughout the region.

However, special attention must be given to understanding the 
complexity and specificities of each national healthcare system. 
Solutions are not universally applicable and must be tailored to each 
country’s needs and population. In this regard, the exchange of best 

practices and international collaboration between health economists 
and decision-makers can be  a valuable tool to identify the best 
approaches and policies to ensure sustainable and efficient healthcare 
services for all citizens.

Practical and managerial implications

Through this study, decision-makers have the potential to 
improve specific policies and interventions to ensure better health 
and well-being for EU citizens. Social and healthcare policies and 
programs can be adapted to provide specific support to vulnerable 
groups, improving access to medical and social services and 
reducing health disparities among different population strata. From 
a managerial perspective, the paper offers valuable information for 
the optimal allocation of financial and human resources. 
Identifying the connections between social protection and adopting 
healthy behaviors can guide the development of interventions to 
encourage healthy habits and prevent disease onset. The paper 
serves as an essential source of information for decision-makers in 
the social and medical domains. It provides a complex perspective 
on the interactions between social protection and health for 
EU citizens.

This comprehensive understanding can catalyze policy changes 
that prioritize the most vulnerable populations, ensuring their access 
to essential services and resources. By integrating these findings into 
policy formulation, decision-makers can foster a more inclusive and 
equitable society where health outcomes are not predetermined by 
socio-economic status or other factors. Public health practitioners can 
leverage these insights to design targeted interventions that address 
the specific needs of marginalized communities, thereby fostering 
healthier behaviors and reducing the burden of preventable diseases. 
Moreover, by aligning social protection mechanisms with health 
promotion efforts, policymakers can create synergies that amplify the 
impact of interventions and promote sustainable improvements in 
population health. In essence, this research provides a roadmap for 
policymakers and practitioners to collaborate effectively in addressing 
the complex interplay between social factors and health outcomes, 
ultimately leading to a healthier and more resilient EU population.

Limitations and future research

Although the study contributes to understanding the relationships 
between social protection and population health in the EU, it also 
presents certain limitations. A significant limitation may be connected 
to measuring social protection and health. Both notions are 
multifaceted and can be influenced by many factors, including socio-
economic and cultural settings. Thus, describing and adequately 
quantifying these variables can pose methodological challenges.

Longitudinal studies could provide a more comprehensive 
perspective on the evolution of this relationship over time. 
Additionally, future research could explore and analyze in more detail 
the intermediary or mediating factors underlying the connections 
between social protection and health. Understanding the precise 
mechanisms through which social protection influences health can 
provide valuable information for developing appropriate policies 
and interventions.
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Moreover, it is essential to mention that the specific context of the 
European Union and other regional particularities can influence the data 
and results obtained in this study. Therefore, it is necessary to continue 
research and analysis in this field to gain a more complex and detailed 
perspective on the relationships between social protection expenditures, 
healthcare expenditures, and health status in EU countries.

Conclusion

The study presents compelling evidence of the significant 
association between social protection measures and improved health 
outcomes among EU member states. Notably, higher levels of social 
protection expenditure correlate with decreased mortality rates, 
increased life expectancy, and improved access to healthcare resources, 
emphasizing the crucial role of robust social protection programs in 
promoting better health among EU residents.

Utilizing structural equation modeling (SEM) provides a 
sophisticated approach to exploring the intricate relationship between 
social protection initiatives and health status while considering 
potential confounding factors. This methodological advancement 
enhances the understanding of how social protection influences health 
outcomes in the EU, offering valuable insights for policy formulation 
and intervention design.

The research underscores the imperative of prioritizing and investing 
in social protection policies to enhance overall public health in the 
European Union. Cohesive and well-designed social protection measures 
are vital for improving individual health, fostering social cohesion, and 
reducing health disparities across diverse population segments. Strategic 
resource allocation and policy alignment with citizens’ health needs are 
essential for fostering a healthier and more equitable society.

Future research should continue to explore various social, 
economic, and cultural factors influencing this dynamic interaction, 
recognizing the complexity of the relationship between social 
protection and health status. As the EU faces ongoing health 
challenges and societal risks, sustained efforts to design and 
implement inclusive social protection measures are crucial for 
fostering healthier and more prosperous communities throughout the 
region. Embracing evidence-based policy interventions is paramount 
for the EU to reaffirm its commitment to enhancing the health and 
quality of life of its diverse population. Moreover, further research is 
needed to delve deeper into understanding how social protection 
contributes to better health outcomes, considering additional factors 
such as socio-economic determinants and cultural influences.
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Background: With the rapid aging of the population, the health needs of the 
older adult have increased significantly, resulting in the frequent occurrence 
of the “social hospitalization” problem, which has led to a rapid increase in 
hospitalization costs. This study investigates whether the “social hospitalization 
problem” arising from the long-term care needs can be  solved through the 
implementation of long-term care insurance, thereby improving the overall 
health of the older adults and controlling the unreasonable increase in 
hospitalization costs.

Methods: The entropy theory was used as a conceptual model, based on data 
from the China Health and Retirement Longitudinal Study (CHARLS) in 2015 and 
2018. The least-squares method was used to examine the relationship between 
long-term care needs and hospitalization costs, and the role that long-term 
care insurance implementation plays in its path of influence.

Results: The results of this study indicated that long-term care needs would 
increase hospitalization cost, which remained stable after a series of tests, such as 
replacing the core explanatory variables and introducing fixed effects. Through 
the intermediary effect test and mediated adjustment effect test, we found the 
action path of long-term care needs on hospitalization costs. Long-term care 
needs increases hospitalization costs through more hospitalizations. Long-term 
care insurance reduces hospitalization costs. Its specific action path makes 
long-term care insurance reduce hospitalization costs through a negative 
adjustment of the number of hospitalizations.

Conclusion: To achieve fair and sustainable development of long-term care 
insurance, the following points should be  achieved: First, long-term care 
insurance should consider the prevention in advance and expand the scope of 
participation and coverage; Second, long-term care insurance should consider 
the control in the event and set moderate levels of treatment payments; Third, 
long-term care insurance should consider post-supervision and explore 
appropriate payment methods.
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Introduction

In recent years, China’s aging population has entered a rapid 
development stage. By the end of 2022, the number of older adult people 
aged 60 and above has reached 280.04 million, accounting for 19.8% of 
the national population. Health problems among older adults are 
becoming increasingly prominent, with more than 78% of them 
suffering from more than one chronic disease, and the number of older 
adults with disabilities is increasing (1). These factors contribute to 
increased demand for long-term care. China began exploring the 
establishment of a long-term care insurance system in 2013. In 2016, 15 
cities were selected as pilot sites for the long-term care insurance system, 
and in 2020, an additional 14 pilot sites were added. Before the 
implementation of the long-term care insurance pilot, long-term care 
needs were often met through social hospitalization, leading to excessive 
growth in hospitalization costs. At the same time, with changes in family 
structure, the traditional family care function is gradually weakening, 
and the high fees and service quality of social care institutions make it 
impossible to effectively meet the long-term care needs of persons with 
disabilities. The primary purpose of the long-term care insurance fund 
is to cover the costs incurred by qualified institutions and personnel in 
providing basic care services. Differentiated treatment and guarantee 
policies are implemented based on the level of care required and the 
mode of service provision, with an emphasis on encouraging the use of 
home and community care services. In November 2021, the “14th Five-
Year Plan Proposal” noted the need to “steadily establish a long-term 
care insurance system”. In his report to the Communist Party of China’s 
20th National Congress in October 2022, Xi Jinping underlined the 
necessity of “establishing a long-term care insurance system”. In this 
context, whether the long-term care insurance system pilot works 
requires clarification. Moreover, does this system better address the 
long-term care needs of persons with disabilities and reduce 
hospital costs?

The current scholarship is more likely to suggest that the 
contradiction between the increase of long-term care needs and the 
insufficient supply of care services has increased demand for nonmedical 
hospitalization (1), which may lead to the increase of hospitalization 
costs, but no scholars have proven this point. There is no consensus 
among the academic community on the role of long-term care 
insurance’s impact on long-term care needs on hospitalization costs. 
Many scholars have found that the implementation of long-term care 
insurance can reduce hospitalization rates and stay duration (2–4), and 
empirical studies in China found that the implementation of long-term 
care insurance can effectively reduce medical expenses (5–11); some 
scholars also found that the implementation of the long-term care 
insurance system may have increased hospitalization stay duration for 
patients (12); others have reached different conclusions through 
empirical studies. By evaluating the effect of the implementation of the 
long-term care insurance system in Qingdao, some scholars found that 
the per capita cost only showed a short-term decrease and then a 
continuous increase (13). Some scholars found heterogeneity in the 
effects of different long-term care payment methods on cost payments, 
hospitalization costs, etc. (14). After an empirical study, Wang and Feng 
found that the home care subsidy reduced medical expenses, while the 
institutional care subsidy did not significantly impact medical 
expenses (15).

This study asks the following questions. How do long-term care 
needs impact hospitalization costs? What is the mechanism of this 
influence? What role does long-term care insurance play? This study 

provides new empirical evidence to clarify these issues. To achieve this, 
the study explores the effect of long-term care needs for hospitalization 
costs based on an entropy theory perspective, and crucially, the 
important role played by long-term care insurance in the mechanism of 
its influence is worth exploring. This study provides a new theoretical 
framework for the study of the relationship between long-term care 
needs and hospitalization costs. In addition, it also provides theoretical 
support for the practice of long-term care insurance.

Theoretical analysis and research 
hypotheses

The current research is rather fragmented, especially the lack of 
systematic exploration of the relationship between long-term care needs 
and hospitalization costs, which limits the development of long-term 
care insurance practice. To address the above problems and considering 
the complexity of long-term care service system, this paper applies 
entropy theory to study the relationship between long-term care needs 
and hospitalization costs from a game theoretical perspective, so as to 
enrich the relevant theoretical basis and provide reference for long-term 
care insurance practice. The concept of entropy, proposed by Clausius, 
is derived from thermodynamics. It indicates the degree of disorder in 
a material system; the higher the degree of disorder, the higher the 
entropy value. An increase in entropy can be derived from the second 
law of thermodynamics: in isolated systems, the system state always 
transitions from order to disorder, and the quantity that causes this state 
transition is called the entropy-increasing factor (16). However, it varies 
in open systems. Puligotzin introduced the concept of a negative 
entropy factor: for open systems, the system and the outside world for 
energy or material exchange will form an entropy flow, increased 
entropy inside the system transfers to outside the system, or the negative 
entropy outside the system flows into the system so that the system 
transforms from disorder to order to achieve a stable equilibrium. With 
the development of the depth and breadth of entropy theory, it has been 
widely applied in social science fields.

The factors influencing hospitalization costs involve several 
dimensions, such as individual characteristics, family structure, social 
insurance, and health behavior. Although hospitalization costs involves 
many and mixed interest groups and factors, the aspects that lead to its 
rapid growth can be summarized as long-term care service demanders, 
medical institutions, and government/social insurance institutions. All 
three influence each other and play important roles in the game process, 
and the specific relationships among the three are shown in Figure 1. 
The three players will have different game strategies in the game process. 
First, long-term care demanders want to pay less for better long-term 
care services, and their game strategy is to choose inpatient or nursing 
care facilities; second, the government/social insurance agencies are 
responsible for fund raising, payment and supervision, and their game 
strategy is to choose the way and intensity of payment; third, medical 
institutions aim to provide quality services and ensure the sustainable 
operation of medical institutions, and their game strategy is to provide 
appropriate or excessive medical services, and their game strategy is to 
provide appropriate or excessive medical services. Firstly, the system 
was a closed system prior to the establishment and implementation of 
the LTC guarantee, and the use of entropy theory as an analytical 
framework for this study can help us to understand and quantify the 
informational uncertainty and stochasticity associated with the lack of 
LTC guarantee. In the current care system, due to the lack of institutional 
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support for long-term care insurance, people in need of long-term care 
need to purchase long-term care services from medical institutions, 
which leads to uncertainty and complexity in the flow of information, 
and is an important entropic factor that leads to an increase in the cost 
of hospitalization, and the resulting frequent occurrence of the 
phenomenon of “social hospitalization,” which leads to a sharp increase 
in hospitalization costs. The resulting high incidence of “social 
hospitalization” can lead to a sharp increase in hospitalization costs.

Therefore, the following hypothesis is proposed:

H1: An increase in long-term care needs leads to increased 
hospitalization costs.

Secondly, as pressure on the operation of the Medicare fund 
increased and the social problem of insufficient long-term care 
security arose, the long-term care insurance system emerged. With the 
establishment and implementation of a long-term care insurance 
system, government policy support and financial subsidies have 
promoted nursing institutions, day care service centers, and other care 
institutions, thus forming a long-term care service system beyond 
medical institutions. The system has become an open system. Entropy 
theory can be used to optimize decision-making and information flow 
in order to solve the problem of inadequate long-term care service 
protection. By analyzing the entropy and uncertainty of information 
and establishing an information-sharing and exchange platform to 
promote cooperation and information-sharing between care 
institutions and medical institutions, government/social insurance 
institutions and long-term care demanders, bottlenecks and problems 
in information transfer can be  identified and solved, thereby 
improving the efficiency and quality of long-term care services, as 
shown in Figure 2. The establishment and implementation of a long-
term care insurance system have two effects. On the one hand, it is 
believed that long-term care insurance raises the income level of its 
users through subsidies, which indirectly increases demand for 
“medical care instead of nursing care”, resulting in an entropic effect 
that increases hospitalization costs. On the other hand, long-term care 
insurance subsidizes long-term care user costs, which effectively 
reduces the burden of care for long-term care users and converts their 
demand for hospitalization into institutional care. This negative 

entropy effect can, to a certain extent, alleviate the sharp increase in 
hospitalization costs caused by the “social hospitalization” problem.

Consequently, the total entropy change in an open long-term care 
service system can be expressed by the following equation:

 dS S Si= +d de

In equation (1), medical demand for long-term care is an irreversible 
entropy increase within the long-term care service system, constant with 
diS > 0; deS this indicates that the long-term care needs is met by the care 
institutions after the long-term care insurance was established, and the 
long-term care service system receives a positive or negative entropy flow 
from the outside world. The long-term care insurance system can 
transform the medical needs of some long-term care users from “medical 
care instead of nursing care” into nursing care needs, at which time the 
external environment flows into the long-term care delivery system with 
negative entropy, which can curb the sharp increase in hospitalization 
costs. Thus, we propose the following hypotheses:

H2: Long-term care insurance can negatively moderate the 
relationship between long-term care needs and 
hospitalization costs.

H3: The interaction effect of long-term care needs and the long-
term care insurance system impacts hospitalization costs through 
the mediating effect of the number of hospitalizations.

Data sources, variable selection, and 
model setting

Data sources and processing

The China Health and Aging Tracking Survey (CHARLS) 2015 
and 2018 data were used for this study because, which were obtained 
in 2015 and 2018 respectively, after combining them with the PSU file, 
it was discovered that they contained data for 12 cities from the initial 
set of pilot cities. As Qingdao did not meet the criteria for double 

FIGURE 1

Interaction and relationship of three actors in the long-term care service system.
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differencing because the pilot long-term care insurance system was 
not implemented until 2012, the final 11 pilot cities chosen for this 
study were Chengde, Qiqihar, Ningbo Shanghai, Shangrao, Jingmen, 
Chongqing, Anqing, Guangzhou, Chengdu, and Suzhou.

Variable settings

Explained variable

Hospitalization costs served as an explanatory variable. The 
question “What is the approximate total cost of hospitalization in the 
past year?” is the source of this variable. The total cost of hospitalization 
in this study was logarithmic to account for non-normality in the 
study methodology.

Explanatory variables

The need for long-term care was used as an explanatory variable. 
Since long-term care needs statistics are scarce, and long-term care 
insurance in China is still in the pilot stage, proxy variables are used 
to represent long-term care insurance demand in China. Three factors 
were chosen to gage the need for long-term care based on the 
applicability and dependability of the data sources: natural demand 
(amount of disability, number of chronic illnesses, and difficulty of 
living), objective demand (residence pattern), and alternative demand 
(supplementary and commercial medical insurance). In this study, the 
weights of each indicator were calculated using the entropy weighting 
method, which is based on the degree of variation of each indicator to 
determine the indicator. The specific process of the entropy method is 
described in the Appendix. It is reasonable to use the entropy 

weighting method to calculate long-term care needs because it allows 
a more objective representation of long-term care needs.

Control variables

In order to reduce the influence of self-bias on the research results, 
this study incorporated a series of control variables. The control 
variables in this study contained the following aspects: (1) personal 
characteristics: age, sex, marriage, education level, household 
registration, and retirement; (2) household characteristics such as 
household income, number of children, and living with children; (3) 
social insurance characteristics, such as social health insurance and 
social pension insurance; and (4) health behaviors: smoking, alcohol 
consumption, self-medication, and medical satisfaction.

Moderating variable

In this study, long-term care insurance served as the moderating 
factor. Since the long-term care insurance pilot was conducted after 
2015 for the treatment group, 2015 was the pre-treatment (t = 0) and 
2018 was the post-treatment (t = 1). The treatment group (treat) had 
a dummy variable before and after the introduction of long-term 
care insurance (t). Table  1 presents variable definitions and 
descriptive statistics.

Mediating variable

The number of hospitalizations was the mediating variable. The 
enquiry “How many times have you been hospitalized in the past 

FIGURE 2

Long-term care delivery systems and the external environment.
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year?” led to a variable number of hospitalizations. The number of 
days was treated logarithmically to account for non-normality in the 
research procedure.

Model setting

Baseline regression

The least squares method was employed to determine whether 
long-term care should result in higher inpatient expenses. The baseline 
regression was built as follows to evaluate Hypothesis 1.

 HS LN X= + + +α α α µ0 1 2  (1)

HS  Represents hospitalization costs; LN  represents long-term 
care needs; and X  represents the control variables, and α0,α1, and α2 
are the parameters to be  estimated; and ∝ denotes the random 
error term.

Mediating effect tests

To test Hypothesis 3, the number of hospitalizations was 
introduced as a mediating variable HN . The mediating effect model 
is developed as follows:

 HN LN X= + + +β β β ε0 1 2 1 (2)

 HS LN HN X= + + + +γ γ γ γ ε0 1 2 3 2 (3)

In the above formula, HN  is the mediating variable number of 
hospitalizations, and X  are the control variables, 
the 0 1 2 0 1 2, , , , , ,β β β γ γ γ  and γ3 are the parameters to be estimated, 
and ε ε1 2,  are the random error terms. Equation (3) places both 
long-term care needs and the number of hospitalizations on the 
right-hand side of the model to study their influence on 
hospitalization costs. Equation (2) examines the impact of demand 
for long-term care on the number of hospitalizations. The following 

TABLE 1 Variable definitions and descriptive statistics.

Variable type Variable name Definition Average value Standard deviation

Explained variables Hospitalization costs
Hospitalization costs in the past year (in 

dollars)
0.174 1.264

Explanatory variables Long-term care needs Long-term care needs composite index 0.015 0.038

Adjustment variables Long-term care insurance treat and t the cross term of 0.213 0.409

Intermediate variables Number of hospitalizations
Number of hospitalizations after taking 

the logarithm, in days
1.006 0.684

Personal characteristics

Age
Continuous variables of population age 

in years
60.507 10.587

Sex Female = 1; Male = 0 0.498 0.500

Marriage Married = 1; No = 0 0.811 0.391

Education level

Elementary school and below = 0, 

middle school = 1; high school and 

junior college = 2; College, bachelor’s 

degree and above = 3

0.436 0.700

Household Registration Urban = 1; Rural = 0 0.525 0.499

Retirement Retirement = 1; No = 0 0.148 0.355

Family characteristics

Household income
Annual household income after taking 

the logarithm (in dollars)
7.638 3.749

Number of children
The continuous variable of the number 

of children in years
2.713 1.724

Children living together Living with children = 1; No = 0 0.295 0.456

Social insurance features

Social health insurance
Participate in social health insurance = 1; 

No = 0
0.976 0.155

Social pension insurance
Participate in social pension 

insurance = 1; No = 0
0.657 0.475

Health behavior features

Smoking Smoking = 1; No = 0 0.278 0.448

Drinking Drink = 1; No = 0 0.306 0.461

Self-treatment Self-treatment = 1; No = 0 0.505 0.500

Medical satisfaction Satisfactory = 0; fair = 1; poor = 2 0.784 0.697
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factors must be met to determine whether the mediating impact is 
substantial, according to scholastic test of mediating effect (17): 
First, the overall impact of the equation’s long-term care needs effect 
on hospitalization costs (1) α 1 The first criterion is whether there is 
a considerable overall impact of long-term care needs on 
hospitalization costs in Equation (1); Second, the impact of long-
term care needs on the number of hospital admissions in 
Equation (2) β 1 The third criterion concerns the significance of the 
relationship between the number of hospital days and hospital cost 
in Equation (3). Whether long-term care needs have a considerable 
impact on the number of hospitalizations in Equations (2, 3), and 
whether the impact of hospital stay duration on hospitalization costs 
in Equation (3).

Thus, a mediating moderating impact exists. The addition of 
moderating variables (LTCI), the cross term of the independent 
variable and the moderating variable (I1), and the cross term of the 
mediating variable and (I2); and the testing of research hypotheses 
2 and 3. Following are the exact test procedures to determine 
whether the long-term care insurance system’s installation has a 
moderating effect, which is based on research by Ye and Wen (18). 
The moderating effect is first tested for, then the moderating effect 
with mediation is tested for, and finally, the moderating effect is 
tested to determine if it is entirely or partially mediated. As a result, 
the following equation establishes a model for the moderating effect 
of mediation:

 HS c c LN c LTCI c I c X e= + + + + +0 1 2 3 1 4 1 (4)

 HN a a LN a LTCI a I a X e= + + + + +0 1 2 3 1 4 2 (5)

 HS c c LN c LTCI c I b HN b I c X e= + + + + + + +′ ′ ′ ′ ′
0 1 2 3 1 1 2 2 4 3  (6)

In order to reduce the influence of self-bias on the research results, 
this study employed the technique of difference-in-differences (DID) 
to control potential confounding factors and biases to some extent. In 
the above formula, HS  represents the cost of hospitalization, LN  
represents long-term care needs, and HN  represents the number of 
hospitalizations, and LTCI  Long-term care insurance is the year (t) 
and whether long-term care insurance is in place (treat) interaction 
term, where LTCI =1 denotes the treatment group after 
implementation of long-term care insurance and 0 in other cases. I1 is 
the need for long-term care LN  and long-term care insurance LTCI  
and I2 is the number of hospitalizations HN  and long-term care 
insurance LTCI  is the interaction between the number of 
hospitalizations and long-term care insurance.

c0, c1, c2, c3, c4, a0, a1, a2, a3, a4, c0
′ , c1

′, c2
′ , c3

′ , b1, b2, and c4
′  are 

the parameters to be estimated. Finally, e1, e2, and e3 denote the 
follow-on error terms.

Results

Baseline regression

In this study, we analyze the impact of long-term care needs on 
hospitalization fares after adding a series of control variables. The 

regression results in columns (1)–(4) of Table 2 after adding personal 
characteristics, family characteristics, social insurance characteristics, 
and health behavioral characteristics in that order show that long-
term care needs significantly increase hospitalization costs at a 
statistical level of 5%.

Control variables analysis

The estimation results of one of the control variables are of 
interest, as exemplified in Column (4) of Table  2. In terms of 
individual characteristics, the age variable is significantly positive 
and significant at the 5% statistical level, meaning that the cost of 
hospitalization increases progressively with age. The gender variable 
was significantly positive and significant at the 10% level, i.e., the 
cost of hospitalization was higher for women. In terms of household 
characteristics, the household income variable is significantly 
negative and is statistically significant at the 5% level, i.e., as 
household income increases, the cost of hospitalization decreases. 
The living with children variable was significantly positive and is 
significant at the 5% level. In terms of health behavioral 
characteristics, the self-treatment variable was significantly positive 
and statistically significant at the 10% level, i.e., the cost of 
hospitalization increased for those who self-treated. In terms of 
medical satisfaction, the medical satisfaction variable was 
significantly negative and significant at the 5% statistical level.

Robustness tests

Substitution of explanatory variables

Table 3 presents the results of the robustness test estimates of the 
impact of long-term care needs on hospitalization costs of replacing 
the core explanatory variables. Through effective replacement of the 
core independent variable. The “degree of disability” is used to explore 
its impact on hospitalization costs, and the degree of incapacity 
measured separately is an important measure of the ability to look 
after oneself and can effectively reflect the long-term care needs of an 
incapacitated person. Therefore, the choice of incapacity degree as a 
replacement variable for long-term care needs is somewhat justified. 
Substitution of the core independent variables shows that, with the 
sequential inclusion of a range of control variables, the degree of 
disability substantially increases hospitalization costs at the 5% 
statistical level. These results were generally consistent with the 
baseline regression results, suggesting that the finding that long-term 
care needs significantly increased hospitalization costs was 
strongly robust.

Introduction of fixed effects

Table 4 presents the results of the robustness test estimates of the 
impact of long-term care needs on hospitalization costs for the 
introduction of fixed effects. The introduction of time and city fixed 
effects to explore the impact of long-term care needs on hospitalization 
costs can effectively control the effects of time and city on the 
explanatory variables; therefore, it is reasonable to explore the effects 
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of long-term care needs on hospitalization costs, controlling for time 
and municipal fixed effects, controlling for time and city fixed effects, 
and adding a range of control variables, long-term care needs still 
significantly increased hospitalization costs at the 10% statistical level, 
which was broadly consistent with the previous regression results, 
suggesting that the result that long-term care needs significantly 
increased hospitalization costs was strongly robust.

Impact analysis mechanism

Mediating effect

To further explore the path of the effect of long-term care needs 
on hospitalization costs, this study used stepwise regression to test 
whether the number of hospitalizations had a mediating effect. Table 5 

TABLE 2 Baseline regression results.

Variables OLS model

(1) (2) (3) (4)

Independent variable Long-term care needs 1.560** (0.534) 1.589** (0.537) 1.651** (0.537) 1.214** (0.538)

Control variables

Personal features

Age 0.006** (0.002) 0.006** (0.002) 0.006** (0.002) 0.005** (0.002)

Sex 0.077* (0.041) 0.078* (0.041) 0.070* (0.041) 0.072* (0.042)

Marriage −0.013 (0.055) −0.005 (0.055) −0.019 (0.054) 0.000 (0.055)

Level of education (ref: primary and below)

Junior high school 0.085 (0.053) 0.092* (0.053) 0.090* (0.052) 0.083 (0.054)

High school and 

technical secondary 

school

−0.018 (0.075) −0.017 (0.075) −0.004 (0.074) −0.025 (0.077)

College degree, 

bachelor’s degree or 

above

−0.121 (0.197) −0.127 (0.196) −0.114 (0.197) −0.110 (0.225)

Household Registration −0.017 (0.042) −0.007 (0.043) −0.013 (0.042) −0.026 (0.043)

Retirement −0.073 (0.060) −0.103* (0.061) −0.096 (0.060) −0.063 (0.061)

Family features

Household income −0.009* (0.006) −0.010* (0.006) −0.011** (0.006)

Number of children −0.020 (0.012) −0.024* (0.012) −0.030** (0.012)

Children living together 0.112** (0.046) 0.104** (0.046) 0.102** (0.047)

Social insurance features

Social health insurance 0.195 (0.130) 0.166 (0.128)

Social endowment 

insurance
−0.063 (0.044) −0.013 (0.045)

Health behavior 

characteristics

Smoking −0.061 (0.050)

Drink alcohol −0.031 (0.049)

Self-treatment 0.072* (0.042)

Medical satisfaction (reference: satisfaction)

General 0.092** (0.045)

Not satisfied 0.100 (0.063)

R-squared 0.008 0.012 0.014 0.015

Sample size 3,555 3,457 3,420 2,976

***, **, and * denote significance at the 1, 5, and 10% statistical levels, respectively, with standard errors of the robustness of coefficients in parentheses.

TABLE 3 Robustness tests-replacement of explanatory variables.

Variables OLS model

(1) (2) (3) (4)

Degree of incapacity 0.328*** (0.076) 0.283*** (0.076) 0.298*** (0.075) 0.236** (0.078)

Control variables Controlled Controlled Controlled Controlled

R-squared 0.013 0.016 0.020 0.020

Sample size 2,335 2,266 2,240 1964

***, **, and * denote significance at the 1, 5, and 10% statistical levels, respectively, with standard errors of the robustness of coefficients in parentheses.
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presents the regression results of Equations (1)–(3). As shown in 
Table 5, when the regression in Equation (2) is performed with long-
term care needs as the explanatory variable and the number of 
hospitalizations as the explained variable, long-term care needs 
significantly increased the number of hospitalizations. When the 
number of hospitalizations was used as the explanatory variable for 
the regression in Equation (3), the number of hospitalizations had a 
significant positive impact on hospitalization costs. Combined with 
the regression results of Equations (1)–(3), it was concluded that the 
path of “long-term care needs-hospitalization duration-hospitalization 
costs” existed, the number of hospitalizations had a partial mediating 
effect, and research hypothesis 3 was partially verified.

Mediating moderating effect

Direct moderating effect

To clarify the moderating effect of long-term care insurance on 
the impact of long-term care needs on hospitalization costs, this study 
incorporated the interaction term of long-term care needs and long-
term care insurance into the system for moderating effect analysis. As 
shown in Column (1) of Table 5, after introducing the moderating 
variable long-term care insurance and the interaction term of long-
term care insurance and long-term care needs, the effect of long-term 
care needs on hospitalization costs is still significantly positive at the 
statistical level of 5%, the coefficient of the moderating variable long-
term care insurance is significantly negative at the statistical level of 
5%, and the coefficient of the interaction term of long-term care 
insurance and long-term care needs is significantly negative at the 
statistical level of 10%. It can be seen from the above that long-term 
care insurance inhibits the positive effect of long-term care needs on 

hospitalization costs, that is, long-term care insurance has a significant 
negative moderating effect on the impact of long-term care needs on 
hospitalization costs.

Mediated moderating effect

According to Ye and Wen (18), the concrete steps of the research 
are as follows: First, test the regression coefficient c _ 3 in Equation (4). 
From Column (1) of Table 6, it can be seen that the coefficient of the 
interaction term between long-term care needs and long-term care 
insurance was significantly negative and significant at the 5% level. 
Thus, long-term care insurance had a negative moderating effect. 
Second, we tested the regression coefficients in Equations (5, 6). From 
Column (2) of Table 5, we can see that the coefficient of long-term care 
needs was significantly positive at the statistical level of 5%. From 
Column (3), it can be seen that the coefficient of the interaction term 
between long-term care insurance and hospitalization times was 
significantly negative at the 1% level. Based on this, long-term care 
insurance indirectly regulated the effect of long-term care needs on 
hospitalization costs by adjusting the effect of hospitalization days on 
hospitalization costs. Third, we tested the regression coefficient in 
Equation (6). The interaction between long-term care needs and 
insurance had no significant effect on hospitalization costs. Therefore, 
the moderating effect of long-term care insurance was fully mediated.

Discussion

The baseline regression results show that long-term care needs 
significantly increase hospitalization costs. In the hierarchy of 
needs theory proposed by American psychologist Maslow, needs 

TABLE 4 Robustness tests–fixed effects tests.

Variables OLS model

(1) (2) (3) (4)

Long-term care needs 1.597** (0.648) 1.595** (0.665) 1.655** (0.671) 1.206* (0.642)

Control variables Controlled Controlled Controlled Controlled

Time fixed effects Yes Yes Yes Yes

Urban fixed effects Yes Yes Yes Yes

R-squared 0.027 0.030 0.030 0.034

Sample size 3,555 3,457 3,420 2,976

***, **, and * denote significance at the 1, 5, and 10% statistical levels, respectively, with standard errors of the robustness of coefficients in parentheses.

TABLE 5 Mediation moderating effect test.

Variables (1) Hospitalization costs (2) Number of 
Hospitalizations

(3) Hospitalization costs

Long-term care needs 1.214** (0.538) 1.274*** (0.158) −0.126 (0.518)

Number of hospitalizations 1.052*** (0.060)

Control variables Controlled Controlled Controlled

R-squared 0.015 0.045 0.109

Sample size 2,976 2,978 2,975

***, **, and * are significant at the 1, 5, and 10% statistical levels, respectively, and the standard error of coefficient robustness is in parentheses.
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are classified into physiological needs, security needs, social needs, 
respect needs, and self-actualization needs. Corresponding to this 
disability, there are different levels of long-term care needs, with 
higher levels pursued only when the lower ones are met. The 
physical needs of people with disabilities are mainly in the personal 
care in long-term care needs, and the safety needs of people with 
disabilities are mainly in the area of timely, adequate, and effective 
medical care for long-term care needs. When a person with 
disabilities is in good health, they have a low level of life care needs 
and relatively simple medical care needs. These long-term care 
needs can be met by the person with a disability, by their family, or 
by a briefer hospital stay. However, when the long-term care needs 
of people with disabilities rise, the inability of people with 
disabilities themselves and their families to meet their long-term 
care needs and the need for specialist medical care leads to the 
“social hospitalization” problem, where people with disabilities pay 
for specialist medical care through hospitalization, leading to 
increased hospitalization costs.

The estimation results of one of the control variables are of 
interest, as exemplified in Column (4) of Table  2. In terms of 
individual characteristics, the cost of hospitalization increases 
progressively with age. Possible reasons for this are that as people 
begin to decline in physical function as they age, they are exposed 
to an increased risk of illness, requiring life-saving medical 
treatment and specialist medical care, leading to increased 
hospitalization costs. The cost of hospitalization for women are 
higher than males. Possible reasons for this are that there is a 
significant sex division of labor in family caregiving, with women 
taking on more caregiving responsibilities when men need family 
care, but when women need care, the cost of hospitalization is 
likely to be lower than the cost of care for men, so women are more 
likely to undertake hospitalization and have higher hospitalization 
costs than men, and the effects of education level, household 
registration, and retirement variables on hospitalization costs are 
not significant.

In terms of household characteristics, as household income 
increases, the cost of hospitalization decreases. Possible reasons for 
this are that as household income increases, the person with 
disabilities and their family members can choose more options to 
meet their care needs, with home and institutional care having a 

substitution effect on inpatient care, leading to a reduction in 
hospitalization costs. As the number of children increases, 
hospitalization costs decrease. Possible reasons for this are that as 
the number of children increases, the children of the person with 
disabilities can assume more family care responsibilities, meet the 
care needs of the person with disabilities, and reduce hospitalization 
costs. The living with children variable was significantly positive A 
possible reason for this is that as family structure changes, family 
nucleation increases, living with children decreases, and when the 
need to care for grandchildren or one’s poor health requires care, 
one chooses to live with children. However, the nuclear family is 
often unable to provide long-term home care, and this need for 
home care translates into a need for medical care, leading to 
increased hospitalization costs.

In terms of health behavioral characteristics, the cost of 
hospitalization increased for those who self-treated. Possible 
reasons for this are that persons who self-treat may be in worse 
health compared to those who do not self-treat and have relatively 
more medical care needs, leading to increased costs for their 
hospitalization. In terms of medical satisfaction, there is a negative 
correlation between medical satisfaction and the cost of 
hospitalization. A possible reason for this is that the satisfaction of 
those who have received medical care is mainly based on the 
quality, cost, and convenience of medical care, and their medical 
satisfaction is higher when their health improves after receiving 
medical care, when the cost of medical care is small and when it is 
convenient, and those whose health does not improve significantly 
and whose cost of medical care is higher tend to be  in poorer 
health and have more medical care needs which lead to higher 
hospitalization costs.

The long-term care insurance inhibits the positive effect of 
long-term care needs on hospitalization costs. A possible reason is 
that when people with disabilities pursue lower levels of 
physiological and safety needs, families and hospitals can meet 
them, but when the lower levels of physiological and safety needs 
are met, a person with disabilities will pursue higher levels of 
needs, including social needs, respect needs, and self-actualization 
needs. First, in long-term care, social needs are mainly manifested 
in the emotional and belonging needs of persons with disabilities, 
but this demand is gradually not met due to changes in the family 

TABLE 6 Mediated moderating effect test.

Variables (1) Hospitalization costs (2) Number of 
hospitalizations

(3) Hospitalization costs

Long-term care needs 2.002** (0.662) 1.229** (0.194) 0.177 (0.624)

Long-term care insurance −0.149** (0.055) −0.003 (0.016) 0.019 (0.054)

Long-term care needs * Long-term 

care insurance
−2.139* (1.106) 0.128 (0.325) −0.143 (1.051)

Hospitalization times 1.408*** (0.067)

Long-term care insurance * 

hospitalization times
−1.437*** (0.135)

Control variables Controlled Controlled Controlled

R square 0.027 0.030 0.030

Sample size 3,555 3,457 3,420

***, **, and * are significant at the 1, 5, and 10% statistical levels, respectively, and the standard error of coefficient robustness is in parentheses.
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structure. The implementation of long-term care insurance 
provides cash subsidies for family members who are responsible 
for family care, and family members provide care services at home, 
which can effectively meet the social and emotional needs of 
people with disabilities and effectively reduce hospitalization costs. 
Second, concerning long-term care needs, respect needs are 
manifested in the fact that people with disabilities still need to 
be respected and understood by their families and society after 
losing their self-care ability. Third, in terms of long-term care 
needs, the need for self-realization is manifested in the fact that 
people with disabilities also need to achieve self-worth by 
participating in social activities. Long-term care insurance 
provides home care through subsidies and enables people with 
disabilities to stay in professional care institutions, providing 
service guarantees for older adults with disabilities, so that they 
can choose to receive family or institutional care services and freely 
choose and enjoy better care services. It can effectively meet their 
higher level of care needs, reduce “social hospitalization”, and 
reduce hospitalization costs.

The care services provided by long-term care insurance for 
families and professional institutions met the long-term care needs 
of people with disabilities, replacing some of the original medical 
needs and thereby reducing hospitalization costs. From the 
mediating effect test and mediating moderating effect test, we can 
determine the possible influence path of the substitution effect of 
long-term care insurance. On the one hand, long-term care 
insurance mobilizes the enthusiasm of families, communities, and 
professional care institutions by providing financial compensation 
using a “combination of medical and health care” model. When 
formal or informal care for people with disabilities is provided by 
family members or professional caregivers, the social and respect 
needs of persons with disabilities be met to a greater extent, and 
their physical and mental health will also be improved to a certain 
extent, reducing the need for non-medical hospitalization and 
effectively reducing hospitalization numbers, thereby reducing the 
cost of hospitalization. On the other hand, people with disabilities 
who receive care in hospitals before the establishment of long-term 
care insurance can freely choose to receive care services at home 
or professional care institutions under the promotion of long-term 
care insurance, rather than spending a lot of time and economic 
costs to become “bedridden patients”, effectively reducing the 
number of hospitalizations and medical expenses.

Conclusions and policy 
recommendations

In order to explore the impact of long-term care needs on 
hospitalization costs, especially the important role of long-term care 
insurance in its impact mechanism, based on data from the China 
Health and Retirement Longitudinal Study (CHARLS) in 2015 and 
2018, this study used the least squares method to investigate the 
impact of long-term care needs on hospitalization costs and its path 
from the perspective of entropy theory. The results showed that long-
term care needs to increase hospitalization costs, and this result 
remained robust after a series of tests, such as replacing core 
explanatory variables and introducing fixed effects. Through the 
mediating effect test and mediating moderating effect test, we found 

the path of the impact of long-term care needs on hospitalization 
costs. Long-term care needs increased hospitalization costs by 
positively affecting the number of hospitalizations, and long-term care 
insurance reduces hospitalization costs. The specific path of action 
makes long-term care insurance reduce hospitalization costs by 
negatively regulating the number of hospitalizations. Based on the 
above conclusions, this study proposes the following 
policy recommendations:

First, long-term care insurance should consider pre-prevention 
and expand the scope of insurance and protection. According to this 
study, long-term care needs is an important factor leading to an 
increase in hospitalization costs. Expanding the scope of long-term 
care insurance is important for prevention. From the focus on medical 
care cost protection to solving basic nursing security needs, the scope 
of insurance and security has greatly expanded. Families and 
professional nursing institutions can meet the basic nursing needs of 
persons with mild disabilities and reduce hospitalization costs; second, 
long-term care insurance should consider the matter under control 
and develop appropriate levels of treatment payments. In conclusion, 
it is found that the payment of long-term care insurance benefits can 
effectively reduce the economic burden on families, promote the 
choice of home care methods, replace non-hospitalized medical needs, 
reduce the number of hospitalizations, and inhibit hospitalization 
costs. Therefore, in the design of long-term care insurance benefits, 
differentiated treatment protection policies should be implemented 
and priority should be  given to subsidizing home care services, 
reducing hospitalization needs, and controlling hospitalization costs. 
Third, long-term care insurance should consider post-supervision and 
explore the appropriate treatment payment methods. The payment 
method for long-term care insurance affects the service choices of 
people with disabilities. Cash payments may reduce the economic 
burden of people with disabilities and their families, generate income 
effects, and release hospitalization needs. In addition, a single cash 
payment method cannot make timely and effective judgments 
regarding the health status of people with disabilities. The combination 
of cash payments and nursing services can effectively monitor the 
health status of people with disabilities, but also improve the health 
status of people with disabilities through professional nursing services, 
reduce medical care needs, and control hospitalization costs.

Limitations and outlook

Due to the current stage of development of China’s long-term care 
insurance system, which is in the pilot phase, and the fact that the 
CHARLS data is only updated until 2018, it is not possible to conduct 
a comprehensive and up-to-date assessment of the effectiveness of 
China’s long-term care insurance system. In the future, the authors 
will consider conducting their own survey based on the 
implementation of the Chinese long-term care insurance system to 
facilitate the evaluation of the latest system outcomes.
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Appendix

The procedure for entropy weighting method is as follows:
Step 1: Identify indicators.
Given n samples and m indicators, let Xij represent the value of the jth indicator for the ith sample (i = 1, 2, .., n; j = 1, 2, .., m).
Step 2: Normalization of indicators.
Normalize the indicators to eliminate scale differences. In this study, all the indicators are positive indicators.

 
X

X X X
X X X Xij

ij j nj

j nj j nij
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Step 3: Calculate the proportion of the ith sample value to the j th indicator, and assess the variability of the indicator.

P
X

X
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i
n
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, =1, 2, …, n; j=1, 2, …, m.

Step 4: Calculate the entropy value for the j th indicator.
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Step 5: Calculate the redundancy of information entropy.
d ej j= −1 , j=1, 2, …, m
Step 6: Calculate the weights of each indicator.
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Step 7: Calculate the comprehensive scores for each sample.
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