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The current paper assesses the drivers of health care expenditure such as urbanization,
natural resources, economic expansion, and CO2 utilizing quarterly data from 2000Q1 to
2018Q4. The research applied the novel dual adjustment approach to identify the long run
association between healthcare expenditure and urbanization, economic growth, natural
resource and CO2 emissions. The main novelty of the dual adjustment approach is that the
approach offers another way to cointegration analysis by relaxing the implicit assumption
of the singular adjustment in cointegration analysis. The outcome of the dual adjustment
approach affirmed cointegration among the variables in the long run. Furthermore, we
applied fully modified ordinary least square (FMOLS), dynamic ordinary least square
(DOLS) and canonical cointegrating regression (CCR) estimators and their results
disclosed that economic growth, urbanization, and CO2 emissions increase health care
expenditure while natural resource rent mitigates healthcare expenditure in China.
Moreover, the spectral causality test uncovered that urbanization, economic growth,
natural resource, and CO2 emissions can predict healthcare expenditure at various
frequencies. Based on these findings, China’s policymakers should establish strategic
environmental management policies that improve healthy and clean air to reduce
healthcare costs. In addition, policymakers in China should reevaluate their urban
development strategies to avoid negative externalities associated with fast urbanization.
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INTRODUCTION

The pursuit of economic progress fueled by high amounts of
energy usage has resulted in an increase in air pollution, which is
hazardous to human health (Shahzad et al., 2020; Adebayo et al.,
2021a; Güngör et al., 2021; Adebayo et al., 2021b). For several
nations, developing a responsive health system to combat the
growing health implications of environmental degradation is
critical. All emerging countries such as China want to build a
strong healthcare system, but rising health spending is eating up a
large portion of their gross domestic product (Doğan et al., 2021;
Fareed et al., 2021; Ghazouani et al., 2021; Shah et al., 2021). As a
result, (Zaidi and Saidi, 2018) pointed out that the alarming rate
at which health expenditures are rising is outpacing GDP growth
in several economies, particularly in the emerging economies.
According to (UNEP, 2016), emerging nations spend around 5%
of their GDP on health-linked expenses caused by pollution
(UNEP, 2016). As a result, the goal of universal healthcare
access is jeopardized due to rising healthcare expenses
(Atuahene et al., 2020; Yang et al., 2021; Zeeshan et al., 2021).

China’s health spending per capita has risen from less than
US$42.11in 2000 to more than US$501 in 2019 (See Figure 1).
The explanations for this expansion are numerous. The most
significant factors are the rising ageing population and standard
of living. China’s health expenditure per capita and total health
expenditure has risen rapidly since 1978. The total health
expenditure was roughly 3% of GDP in 1978, and by the
1990s, it had risen to around 4% of GDP (World Bank, 2021).
Since the Chinese healthcare reform commenced in 2009, the rate
has risen to over 5%, reaching 6% in 2016.

In the empirical literature, there are various factors such as
income, energy use, CO2 emissions, population, economic
growth, and health status of citizens and many others that can
influence healthcare expenditure in various nations. For example,
(Chaabouni et al., 2016) scrutinized the drivers of health
expenditures in 51 nations and their findings unveiled that an
upsurge in GDP contributes to health expenditures. Similarly,

(Yang et al., 2021) assessed the drivers of healthcare expenditure
based on the STIRPAT framework from 1995 to 2018. The authors
employed AMG and CCEMG approaches to assess this connection
and their outcomes disclosed that urbanization, industrialization,
ecological footprint, and economic expansion triggers health
expenditures while globalization mitigates health expenditure.
Likewise, (Ampon-Wireko et al., 2021) applied the PMG, panel
causality and DOLS approaches to assess the drivers of healthcare
expenditure in emerging nations. Their outcomes show that natural
resources, urbanization, economic growth and CO2 increase
healthcare spending in addition, there is a feedback causal
interrelationship between economic expansion and health
spending. The literature pertinent to this work offers limited
insight on drivers of healthcare expenditure such as income,
urbanization, natural resource extraction, and CO2 emissions. As
a result, we investigate the interrelationship between health spending
and its determinants (economic growth, CO2, urbanization, and
natural resources) in China, which is the most populated country in
the world.

Examining the relationships between these variables in China
has become extremely relevant from a policy standpoint. In the
absence of effective national policies, healthcare costs and the
resulting deprivation of people are expected to rise, necessitating
the urgency for this research. Moreover, natural resource
exploitation caused health threats because of the numerous
chemicals disposed at mining sites, which has not gotten the
recognition it deserves in terms of human healthcare. The
current paper differentiates itself by offering a vigorous analysis
of the combined impact of economic growth, urbanization, natural
resource, and CO2 on healthcare expenditure in China within the
framework of advanced econometric approaches such as the dual
adjustment method. The main novelty of the dual adjustment
approach is that the approach offers another way to cointegration
analysis by relaxing the implicit assumption of the singular
adjustment in cointegration analysis. In addition, we applied
spectral causality, fully modified ordinary least square (FMOLS),
dynamic ordinary least square (DOLS) and canonical cointegrating
regression (CCR) estimators to assess these interconnections.

The subsequent section of the research is as follows: Section 2
illustrates a summary of past studies which is followed by
methodology and data in Section 3. Findings and discussion
are presented in Section 4. The research concludes in Section 5.

SYNOPSIS OF RELATED STUDIES

Health spending encompasses all expenditures for the health
services provision, nutrition activities, health-related emergency
assistance and family planning activities, but it omits the
provision of sanitation and drinkable water. Increased
pollution of the environment, the spread of diseases, income
disparities and overcrowding in cities in emerging and developed
nations have drawn policymakers’ and researchers’ attention to
the drivers of healthcare expenditures. Over the years, several
studies (Chaabouni et al., 2016; Chaabouni and Saidi, 2017;
Haseeb et al., 2018; Zaidi and Saidi, 2018; Shahzad et al.,
2020) have been conducted on the drivers of health

FIGURE 1 | Trend of health expenditure per capita in China from 2000 to
2018.
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expenditure; however, findings have produced mixed results. For
instance, utilizing a dataset from 1995 to 2013, (Chaabouni et al.,
2016) assessed the determinants of health expenditures in 51
nations. The investigators utilized GMM estimator and panel
causality to uncover the interrelationship and their findings
uncovered that a rise in CO2 contributes to health
expenditures in the selected nations.

Moreover, using China and India, (Atuahene et al., 2020)
scrutinized the nexus between health expenditure, GDP and
CO2 utilizing dataset between 1960 and 2019 and GMM
estimator. Their outcomes uncovered that CO2, GDP and
health spending all have a strong interconnection. For both
nations, the empirical research unveiled that CO2 has a
considerable positive influence on health spending, but
economic expansion has a detrimental effect on health
expenditure during the research period. In addition, no
significant connection exists between urbanization and health
expenditure in India while in China, urbanization impacts
health expenditure positively. Likewise, the research of (Zeeshan
et al., 2021) on the asymmetric nexus CO2 and health expenditure
in China from 1990 to 2019 disclosed that positive (negative) shock
in CO2 impacts health expenditure positively (negatively). Using
10 nations with the highest healthcare expenditures, (Yang et al.,
2021) assessed the drivers of healthcare expenditure based on the
STIRPAT framework from 1995 to 2018. The authors employed
AMG and CCEMG approaches to assess this connection and their
outcomes disclosed that urbanization, industrialization, ecological
footprint, and economic expansion triggers health expenditures
positively while globalization mitigates health expenditure.

Some studies have also incorporated natural resources into their
model to assess drivers of healthcare expenditure. For example,
using a dataset from 2000 to 2018, (Ampon-Wireko et al., 2021)
applied the PMG, panel causality and DOLS approaches to assess
the drivers of healthcare expenditure in emerging nations. Their
outcomes showed that natural resources, urbanization, economic
growth and CO2 increase healthcare spending. In addition, there is
a feedback causal interrelationship between economic expansion
and healthcare spending. Likewise, the research of (Nikzadian
et al., 2019) for OPEC nations on the nexus between health
care expenditure and natural resources using a dataset from
2002 to 2015 and panel OLS reported that natural resources
impact healthcare expenditure positively. Similarly, the study of
(Wang et al., 2019) using a dataset from 1975 to 2017 and
bootstrap ARDL for the case of 18 OECD nations unveiled a
long-run association among CO2, economic expansion and health
expenditure. In addition, the authors observed feedback causal
interconnectedness between healthcare expenditure and CO2 in
New Zealand and Norway.

Based on the summarized studies above, there is no agreement
on the impact of economic growth, urbanization, natural
resource, and CO2 on healthcare expenditure. Thus, the
current paper differentiates itself by offering a vigorous
analysis of the combined impact of economic growth,
urbanization, natural resource, and CO2 on healthcare
expenditure in China within the framework of advanced
econometric approaches such as the dual adjustment
approach. The main innovation of this method is that it offers

an option for analysis of cointegration by reducing the implicit
assumption of a single modification. In addition, we applied
spectral causality, DOLS, CCR and FMOLS approach to assess
these interconnections. Investigating the combinations of various
strategies serves to unlock the originality of the techniques,
resulting in reliable estimates that assist effective policy decisions.

DATA AND METHODOLOGY

Data and Model
In this research, we assess the impact of economic expansion
(GDP) on healthcare expenditure (HE) in China. We also
consider other drivers of health expenditure (HE) such as
urbanization (URB), carbon emissions (CO2) and natural
resources (NRR). The dataset utilized in the research span
between 2001Q1 and 2018Q4 (76 observations). The
dependent variable is health expenditure which is measured as
domestic general government health expenditure (% of GDP).
The independent variables are economic growth which is
calculated as GDP per capita (constant US$ 2010), natural
resource which is calculated as total natural resources rents (%
of GDP), CO2 emissions are calculated as metric tons per capita
and urbanization which is measured as Urban population (% of
total population). The data for CO2, HE, GDP, NRR and URB are
gathered from World Bank database. The research uses the
natural logarithmic version of all indicators. The research
econometric model is presented in Eq. 1 as follows:

HEt � β0 + β1CO2t + β2GDPt + β3NRRt + β4URBt + εt (1)

Where, CO2, HE, GDP, NRR and URB stand for emissions of
CO2, health expenditure, economic expansion, natural resource
and urbanization. Furthermore, t and ε stand for timeframe and
error term respectively.

Methodology
Unit Root Tests
The current paper aims to evaluate the long-run influence of
economic expansion, CO2 emissions, natural resources,
urbanization and urbanization on health expenditure in China.
Nevertheless, it is vital to capture the stationarity attributes of the
variables of investigation before assessing the long-run
association. As a result, KPSS unit root test was initiated by
(Kwiatkowski et al., 1992) to assess the variables’ stationarity
attribute. Nevertheless, with a structural break(s), the
effectiveness of conventional methods such as KPSS decreases.
As a result, the Zivot-Andrews (ZA) test proposed by (Zivot and
Andrews, 2002) which considers a single break is used in this
research. The time of structural break is determined
endogenously in the ZA unit root test. Each series is allowed
one structural break in the ZA test. One break in a series (Xt) is
endogenized in the ZA model as follows:

xt � μ̂ + θ̂DUt(T̂b) + β̂t + γ̂DTt(T̂b) + α̂xt−1 +∑
k

j�1
ĉjΔxt−j + êt

(2)
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Dual Adjustment Approach
The present study employs the dual adjustment approach which
proposed by İsmihan. (2019). The benchmark case for the dual
adjustment approach is the standard Engle-Granger (EG)
cointegration method. Hence, this study uses both dual
adjustment approach and EG cointegration approach. The
main novelty of the dual adjustment approach is that the
method gives an alternative to the cointegration analysis
relaxing the implicit assumption of the singular adjustment in
cointegration analysis. As advised by White and Granger (2011)
and İsmihan. (2019), we follow the indirect method and use the
Hodrick-Prescott (HP) filter to measure the trend and permanent
component of the variables. Scilicet, HP is the favored method of
decomposition in current analysis for numerous motives
mentioned previously but this does not certainly mean that it
is superior to others. Thus, the dual adjustment approach permits
the present study to use other popular filters which are Baxter-
King filter (BK) (suggested by (Baxter and King, 1999)) Ravn and
Uhlig (RU) and Christiano and Fitzgerald (CF) filter (suggested
by Christiano and Fitzgerald, 2003).

Following İsmihan. (2019), by employing the step-wise
methodology of dual adjustment approach, the first phase in
the dual adjustment approach is to decompose the variable in two
distinct components. The HP approach is superior method for
decomposition. However, by utilizing the HP method, the choice
of smoothing parameter is the most important step. The lambda
value for frequency of data is 100 in case of HP approach.
However, RU proposes a value of 6.25 in the case of annual
data. Hence, this study uses two different values of lambda,
i.e., 100 and 6.25. The study also uses BK and CF for the
choice of the smoothing parameter. Moreover, the study uses
the critical values of EG approach in the case of Co-HP trend
analysis. The Co-HP tend analysis has two steps. The following
equation is estimated via OLS method first step:

HEt � β0 + β1CO
l
2t + β2GDPl

t + β3NRRl
t + β4URB

l
t + εt (3)

Where, COl
2t, GDPl

t,NRRl
t andURB

l
t are the HP trend of CO2,

GDP, NRR and URB. Error term and time are depicted by ε and t.
In the second phase, the following equation is estimated.

Δµ + γµt−1 + et (4)

Where γ � p − 1. If γ � 0, the null hypothesis of “no commonHP
trend” is dismissed, which demonstrates that the residuals are not

stationary. The following equation is generated using the OLS
approach to analyse the short-run interrelationship:

HEt � β0 + β1CO
s
2t + β2GDPs

t + β3NRRs
t + β4URB

s
t + εt (5)

Where, COs
2t, GDPs

t, NRRs
t andURB

s
t are HP filtered gap parts.

Long-Run Estimators (FMOLS, DOLS and DOLS)
Fully modified OLS (FMOLS) is one of the most viable choices for
estimating long-run elasticities because it adjusts for
autocorrelation and endogeneity issues in the data series
(Kirikkaleli and Adebayo, 2020; Adebayo et al., 2021c). This
method, developed by (Pedroni, 2001), is centered on the non-
parametric method and is well-suited to achieving reliable
outcomes in small samples. The FMOLS estimator is depicted
as follows.

γ̂pGFM � M−1∑
M

i�1
γ̂pFM,1 (6)

Where, the standard FMOLS estimator is γ̂pGFM and its resultant
t-statistics is measured as follows in in Eq. 7;

t − statisticsγ̂pGFM � M−1
2∑
M

i�1
γ̂pFM,1 (7)

The distinctive association between the independent and
dependent variables in this research was uncovered using this
statistical method. To assess the FMOLS outputs’ robustness, the
DOLS and CCR long-run estimators were used.

Breitung and Candelon Causality
The DOLS, CCR and FMOLS approaches can only assess the
interrelationship between independent and dependent variables.
As a result, we applied the Breitung and Candelon (BC) Causality
test to identify the causal effect of CO2 emissions, natural
resource, GDP and urbanization on health expenditure in

TABLE 1 | Descriptive statistics.

CO2 GDP HE NRR URB

Mean 5.3817 4361.5 1.9947 2.3677 47.707
Median 5.6920 4130.3 2.1345 1.9032 47.879
Maximum 7.0459 7984.3 3.0725 5.9863 59.592
Minimum 2.5775 1723.5 0.9493 0.5718 35.446
Std. Dev 1.6179 1929.3 0.7421 1.483752 7.2021
Skewness −0.5203 0.2621 0.0226 0.7180 −0.0490
Kurtosis 1.7739 1.7708 1.3988 2.5440 1.7821
Jarque-Bera 8.1893 5.6545 8.1244 7.1898 4.7274
Probability 0.0166 0.0591 0.0172 0.0274 0.0940
Observations 76 76 76 76 76

TABLE 2 | Unit root tests.

KPSS unit root test

HE GDP CO2 NRR URB

t-statistic 0.1702*** 0.2756* 0.2881* 0.2563* 0.3043*

Δ HE Δ GDP Δ CO2 Δ NRR Δ URB

t-statistic 0.1102 0.1958** 0.1112 0.0726 0.1075

ZA Unit Root Test

HE GDP CO2 NRR URB

t-statistic −4.9820 −3.8402 −4.4688 −4.3687 −3.2018
SB 2010Q2 2009Q2 2010Q1 2007Q2 2016Q1

Δ HE Δ GDP Δ CO2 Δ NRR Δ URB

t-statistic −5.6527** −5.5556** −4.9683*** −5.1842** −44.346*
SB 2010Q2 2007Q2 2011Q2 2014Q2 2005Q2

1, 5 and 10% significance level are depicted by *, ** and ***. Δ represents the first
difference. SB stands for structural break date.
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China. According to (Alola et al., 2021) and (Adebayo and Rjoub,
2021), the main difference between the time-domain and
frequency-domain methods is that the time-domain method
notifies us where a particular adjustment appears within a
time series, whilst the frequency-domain method tests the
degree of a particular variance in the series. The BC uncovers
causality at dissimilar frequencies.

FINDINGS AND DISCUSSION

Pre-Estimation Outcomes
Table 1 displays the statistics summary for the studied variables.
The mean of GDP (4361.5) is the highest which ranges from
1723.5 to 7984.3. This is accompanied by URB (47.707) which
ranges from 35.446 to 59.592, CO2 (5.3817) which ranges from
2.5775 to 7.0459, NRR (2.3677) which ranges from 0.5718 to
5.9863 and HE (1.9947) which ranges from 0.9493 to 3.0725. The
skewness value unveiled that CO2 and URB are negatively skewed

while GDP, HE, and NRR are positively skewed. The value of the
kurtosis further disclosed that all the variables (CO2, HE, GDP,
NRR and URB) are leptokurtic.

In this research, we applied KPSS unit root test to identify the
stationarity attribute of HE, GDP, URB, NRR and CO2. Table 2
reports the KPSS outcomes, and the result unveiled that HE,
GDP, CO2, NRR and URB are stationary at level. Nevertheless,
with a structural break(s), the effectiveness of conventional
methods such as KPSS decreases. As a result, the Zivot-
Andrews (ZA) test which considers a single break is used in
this research. Table 2 reports the ZA outcomes and the result
uncovered that all the variables are I(1) with HE, GDP, CO2, NRR
and NRR having a break in 2010Q2, 2007Q2, 2011Q2, 2014Q2
and 2005Q2 respectively.

Dual Adjustment Approach Outcomes
The dual adjustment method is used in this investigation. We
begin by checking for the existence of Co-HP Trend. The null
hypothesis of “no common HP trend” is overruled in all cases,

TABLE 3 | EG and Co-HP trend tests.

Engle-Granger CI
analysis

Co-HP trend analysis

λHP λRU λBK λCF

C 2.446 (16.655)* 4.223 (15.458)* 3.628 (12.606)* 22.907 (22.31)* 19.704 (23.157)*
GDP 1.285 (2.642)*** 1.115 (11.207)* 1.364 (4.119)** 6.941 (5.978)* 6.688 (7.0648)*
CO2 1.193 (5.011)* 1.174 (21.238)* 1.030 (6.148)* 0.890 (1.3847) 0.542 (0.9532)
NRR −0.204 (−5.369)* −0.221 (−23.202)* −0.181 (−6.503)* −0.245 (−3.009)* −0.205 (−2.8082)**
URB 4.316 (2.602)*** 3.795 (11.342)* 4.182 (3.661)** 21.767 (5.755)* 0.001 (1.7387)
DUM 0.031 (0.3472) 1.181 (15.922)* 0.505 (3.276)** 0.018 (0.2155) −20.236 (−5.854)*
EG/Co-HPw −5.980 [0.007]* −4.807 [0.066]*** −5.103 [0.013]** −6.075 [0.003]* 5.353 [0.033]**
GDP - −3.895 (−5.646)* −3.187 (−6.320)* −2.045 (−1.7649)*** −2.776 (−2.614)***
CO2 - 1.159 (4.324)* 0.953 (4.123)* 0.735 (1.029) 0.933 (1.430)
NRR - −0.085 (−6.131)* −0.082 (−10.757)* −0.043 (−1.516) −0.034 (−1.388)
URB - 6.254 (1.402) 3.942 (4.960)* 7.455 (2.119)** 4.264 (2.512)**
DUM - −0.007 (−0.887) −0.002 (−1.193) −0.064 (−0.737) −0.116 (−1.944)***
Λ - 100 6.25 - -

HP, Hodrick-Prescott (Lambda � 100); RU, Ravn-Uhlig (Lambda � 6,25); BK, CF illustrates, Baxter-King and Christiano-Fitzgerald. 1, 5 and 10% significance level are illustrated by *, ** and
*** respectively. p-value, and T-statistics are depicted by () and [] correspondingly.

TABLE 4 | Long-run run estimators (FMOLS, DOLS, CCR) outcomes.

FMOLS DOLS CCR

Coefficient t-Statistic Prob Coefficient t-Statistic Prob Coefficient t-Statistic Prob

GDP 1.3161* 3.0384 0.0034 1.3785* 3.6223 0.0006 1.3315* 2.6634 0.0096
CO2 0.9454* 4.7195 0.0000 0.9411* 4.5622 0.0000 0.9012* 3.6762 0.0005
NRR −0.1355* −4.1404 0.0001 −0.1375* −4.3055 0.0001 −0.1418* −3.5572 0.0007
URB 3.6676** 2.5278 0.0138 3.8610* 3.0128 0.0036 3.7252** 2.2310 0.0289
DUM 0.0950 1.1660 0.2476 0.1394 1.2342 0.2213 0.0496 0.4975 0.6204
C 2.4076 1.0520 0.2965 2.6455 1.2410 0.2188 2.5763 0.9646 0.3380

R2 0.98 0.96 0.98

Adj R2 0.97 0.95 0.97

S.E. of reg 0.0559 0.0526 0.0565

*, and ** signifies 1%, and 5% level of significance.
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i.e. with four separate smoothing factors. The DAA outcome is
reported in Table 3. In all cases, there is proof of long-run
interrelationship between health expenditure and economic
growth, natural resource, urbanization, and CO2 emissions as
disclosed by both Co-HP trend and Engle-Granger CI
respectively. The RU, HP, CF and BK smoothing
parameters are used to examine the Co-HP trend.
Moreover, the Engle-Granger and Co-HP trend
cointegration outcomes are comparable. We dismissed the
null hypothesis of “no cointegration” as a result of
significant values of EG/Co-HPw. As a result, there is a
consistent HP trend in all HP, RU, BK, and CF in all cases.
The outcomes affirm that health expenditure is stationary
around a common part of economic growth, CO2 emissions,
natural resource, and urbanization (Co-HP trend).

The outcomes of the λBK, λRU, λCF and λHP discloses that
economic growth, and CO2 emissions impact health
expenditure positively in the long run. This infers that an
upsurge in economic growth, urbanisation and CO2

contribute to an upsurge in health expenditure in China.
Furthermore, we observed that natural resources rent
impact health expenditure negatively in China. This
demonstrates that an upsurge in natural resources rent
mitigate health spending in China. In the short run, λHP
and λRU outcomes show that CO2 emissions impact health
expenditure positively. Furthermore, we observed a negative
connection between economic growth and health expenditure
as unveiled by λBK, λRU, λCF and λHP respectively.
Moreover, we noticed negative interconnectedness between
health expenditure and natural resources as disclosed by λHP
and λRU respectively.

Long-Run Estimators (DOLS, CCR and
FMOLS) Outcomes
We also utilized DOLS, CCR and FMOLS to catch the long-run
association between health expenditure and its drivers
(economic growth, natural resource, urbanization and CO2

emissions) in China. Table 4 reports FMOLS, DOLS and CCR
outcomes. We observed positive interconnection between
economic growth and health expenditure. This implies that
keeping other indicators constant, a 1% upsurge in economic
growth increases health expenditure by 1.3161% (FMOLS),
1.3785 (DOLS) and 1.3315% (CCR) respectively. Moreover, we
established positive interconnectedness between health
expenditure and CO2 in China. This demonstrates that
keeping other factors constant, a 1% upsurge in CO2

increases health expenditure by 0.9454% (FMOLS), 1.9411%
(DOLS) and 0.9012% (CCR) respectively. The studies of
(Chaabouni et al., 2016; Chaabouni and Saidi, 2017;
Shahzad et al., 2020) reported similar outcomes by
establishing that economic growth and CO2 contribute to an
increase in health expenditure. Economic expansion is critical
for nations since it is the most reliable means of promoting
social and economic development. Nevertheless, as a result of
the related energy and other resources use, the pursuit of
economic expansion increases CO2, resulting in increased

health expenditure internationally. It underlines the fact
that as a consequence of rising pollution and other
ecologically linked diseases caused by economic expansion,
the proportion of GDP assigned to health continues to rise.
Moreover, CO2 is the key factor that has a negative impact on
people’s health, according to this research. As a result,
authorities should concentrate on CO2 and develop
measures that will help to minimize CO2. Moreover,
(Chaabouni and Saidi, 2017) noted that healthcare spending
has a crucial role in stimulating a country’s economic
expansion, stating that a high level of health spending may
contribute to improved economies of scale, social security and
effective resource allocation.

Furthermore, natural resources impact health spending
negatively. This demonstrates that keeping other factors
constant, 1% upsurge in natural resource rent decreases
health expenditure by 4.1404% (FMOLS), 4.3055% (DOLS)
and 0.1418% (CCR) respectively. The findings of the study
revealed that increasing natural resource exploitation
decreases health spending. This is encouraging because the
impact of natural resources on health spending has received
little attention in the literature. As a result, scholars will be
motivated to investigate the impact of natural resources on
health spending in greater depth. The study of (Shahzad et al.,
2020) reported a similar finding by establishing a negative
interconnection between natural resources and health
expenditure. Lastly, urbanization impacts health spending
negatively suggesting that keeping other factors constant,
1% upsurge in urbanization increase health expenditure by
3.667% (FMOLS), 3.861% (DOLS) and 3.725% (CCR)
respectively. This finding is unsurprising given the fact
that China has witnessed significant urbanization in recent
years. Thereby, an increase in urban population is anticipated
to increase China’s healthcare expenditure. The study of (Çetin
and Bakırtaş, 2019) in developing nations reported similar
findings. Moreover, the graphical findings is illustrated by
Figure 2.

Breitung and Candelon Causality Outcomes
The present research applied the Breitung and Candelon (BC)
to identify the causal effect of CO2, natural resource, economic

FIGURE 2 | Graphical findings from FMOLS, DOLS and CCR.
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growth, and urbanization on health expenditure in China. The
BC uncovers causality at dissimilar frequencies. Figures 3A–D
presents the outcome of the BC causality test. The broken-thick
blue line depicts the Test-statistic, and red (green) thick line
depicts a 5 and 10% level of significance respectively. Figure 3A
presents spectral causality from economic growth to health
expenditure. At 5% and 10% levels of significance, the null
hypothesis of “no causality” is dismissed in the long term,
which implies that economic growth can predict health
expenditure in China. Moreover, Figure 3B depicts causality
from natural resource to health expenditure and the outcome
shows that in the long-term, at 5 and 10% level of significance,
the null hypothesis of “no causality from natural resource to
health expenditure” is rejected. Furthermore, we observed
causality from CO2 emissions to health expenditure in the
middle-term at a 10% significance level (see Figure 3C). Lastly,
in the long-term and short-term, there is proof of causal linkage
from urbanization to health expenditure at a significance level
of 5 and 10% respectively. In summary, natural resources,
economic growth, urbanization and CO2 emissions can
predict health expenditure. Thus, any policy initiatives
channeled towards natural resources, economic growth,
urbanization and CO2 emissions will impact health
expenditure.

CONCLUSION AND POLICY PATH

Conclusion
Emerging economies are increasingly confronted with healthcare
difficulties as their urban populations rise at a rapid rate.
Infrastructure deficiencies, inadequacies in social change, rapid
urbanization, and challenges in providing healthcare services,
among other issues, result in considerable economic
consequences for emerging countries. Though academics and
scholars have studied the causes of healthcare expenditures for
several different samples since the 1970s, studies that focus on the
probable effects of urbanization and natural resources on health
expenditures are scant. Thus, we assess the effect of natural
resources, economic growth, urbanization, and CO2 emissions
on health expenditure. Moreover, the research utilizes a quarterly
dataset spanning from 2000 to 2018 for the case of china. We
applied both KPSS and ZA unit root tests to capture variables’
stationarity features and the outcomes show that the variables are
I(1) and I(0) respectively. Moreover, we utilized the novel dual
adjustment approach to scrutinize the cointegration
interrelationship between the independent and dependent
variables. The dual adjustment approach’s main novelty is that
it gives an option to the analysis of cointegration by decreasing
the implicit assumption of single adjustment. The outcomes of

FIGURE 3 | (A) causality from economic growth to health expenditure. (B) Causality from natural resource to health expenditure. (C) Causality from carbon
emissions to health expenditure. (D) Causality from urbanization to health expenditure.
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the dual adjustment approach affirmed cointegration among the
variables. Furthermore, we utilized the FMOLS, DOLS and CCR
approach to catch the long-run association and the outcomes
show that economic growth, CO2 and urbanization increase
health expenditure while natural resource decreases health
expenditure. Lastly, BC test outcomes show that all the
variables (natural sources, economic growth, urbanization and
CO2 emissions at various frequencies.

Policy Suggestion
Furthermore, China should implement environmental quality-
linked policies and strategies to reduce health-related ailments, as
environmental quality has been linked to an increase in
healthcare spending. First and foremost, policymakers in
China should reassess their urbanization strategies in order to
minimize the negative externalities that may result from urban
expansion population increase. As a result, authorities in China
should raise their investments in the sustainable restructuring of
their cities’ current infrastructure. Furthermore, decision-makers

should establish fiscal measures that take into account the
potential effects of urban expansion. Second, officials should
enact new legislative measures to prevent unsustainable
migration from rural to urban regions. Lastly, the outcomes
suggest that China should develop environmental management
initiatives to improve clean, and healthy air in order to reduce the
burden on healthcare costs. Several policy recommendations
could be made based on the research’s empirical outcomes.
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