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Abstract: This paper introduces several factors, namely, environmental pollution, medical level and
environmental governance, into the Grossman’s production function for health. Then, an empirical
analysis was conducted based on the 2004–2016 panel data of the city clusters along the middle reaches
of the Yangtze River. Through the analysis, the author evaluated and compared how different factors
affect the health of residents in the three city clusters: Changsha-Zhuzhou-Xiangtan (CZT) city cluster,
Wuhan city cluster and circum-Poyang Lake (CPL) city cluster. The results show that: (1) In all three
city clusters, economic growth can effectively improve the health of residents, and environmental
pollution is also a key influencing factor of the health of residents. (2) Medical level has a close
correlation with the health of residents. In the CZT city cluster, the medical level is positively
correlated with the health of residents; in the CPL city cluster, the correlation is negative and takes
the shape of an inverted U in the long run. (3) In all three city clusters, the environmental governance
has an inverted U-shape correlation with the health of residents, indicating that environmental
governance is not enough to promote the health of residents. Finally, several countermeasures were
put forward to enhance the health of residents in the study area. The research findings shed new light
on policymaking for the health of residents.

Keywords: the city clusters along the middle reaches of the Yangtze river; health of residents;
medical level; production function for health

1. Introduction

Since the reform and opening up, China has witnessed a sustained rapid growth of economy.
However, the extensive mode of economic growth poses severe challenges to the energy and
environment. The resulting health problems have become a major social concern. In May 1990,
the United Nations Development Program (UNDP) released the first Human Development Report.
From then on, the UNDP has reiterated that human wellbeing is the ultimate goal of development.
An important aspect of human wellbeing lies in health, an important element of human capital and
a direct impetus for social productivity. Therefore, promoting the health of residents is an important
means to improve their quality of life and a long-term strategy for coordinated development between
the economy and society.

The city clusters along the middle reaches of the Yangtze River are located at the center of the
Yangtze River Economic Belt. These city clusters occupy a very important position in China’s pursuit of
green coordinated development. Currently, these city clusters are striving to enhance the greenness and
sustainability of its development mode. Against this backdrop, it is of great theoretical and practical
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significance to improve the health of local residents, while coordinating the harmonious development
of the economy and environment.

The health of residents has long been a research hotspot. The paper [1] was the first to introduce
the health factor to the utility function and created the model of health demand, laying the theoretical
basis for health research. Since then, various methods have been adopted to explore and compare
how different factors affect the health of residents, ranging from the analytical method, media analysis
method, survey analysis to metric method [2–5]. The relevant studies mainly concentrate on three
aspects, namely, the economic issue, environmental issue and public service.

On the economic issue, most scholars agree that, in the long run, the health of residents is promoted
by economic growth [6,7] and suppressed by income inequality [8,9], whether on a microscale or
macroscale. However, some scholars held the opposite view: economic level has a negative correlation
with the health of residents, without considering the effect of time [10,11]. Some other scholars believed
that the relationship between economic growth and the health of residents changes cyclically [12].

On the environmental issue, the academia has arrived at a relatively consistent view: environmental
pollution has a significant negative effect on the health of residents. The environmental degradation
triggers personal health problems on the microscale [13] and also pushes up mortality and morbidity
on the macroscale [14]. Some scholars also evaluated the health risks brought on by environmental
pollutions to infants [15], seniors [16] and rural populations [17].

On public health, there is a growing interest in the influence of education level [18], medical
level [19], public health expenditure [20] and transfer payment [21] on the health of residents. However,
the relevant studies have drawn different conclusions [22,23].

Despite their sheer number, the existing studies on the health of residents have several defects.
First, there is little reported that measures the impacts of multiple factors on the health of residents.
Second, most scholars discussed the degree of influence of varied factors on the health of residents
only through a time series analysis, and the results may have erroneous due to the lack of data samples.
Third, most studies focused on the national or provincial level, failing to consider the difference
between city clusters in economic development.

To overcome these defects, this paper introduces several factors, namely, environmental pollution,
medical level and environmental governance, to a Grossman model of health demand. Then,
the 2004~2016 panel data of the city clusters along the middle reaches of the Yangtze River were
subjected to unit root test, cointegration test and regression analysis, aiming to verify if there was
a stable equilibrium between the variables. In addition, the authors discussed the impacts of the above
factors on the health of residents. Finally, several feasible suggestions were put forward for incentive
policies on the green, coordinated and harmonious development of the city clusters along the middle
reaches of the Yangtze River.

The remainder of this paper is organized as follows: Section 2 explains the research methods,
model construction and data sources; Section 3 performs the empirical analysis and interprets the
results and Section 4 puts forward the conclusions and suggestions.

2. Methodology

2.1. Research Methods

2.1.1. Unit Root Test of Panel Data

As the numerical characteristics of a nonstationary time series change with time, the regression
model built directly with these data will have a pseudo-regression phenomenon. Therefore,
before regression of the panel data, a unit root test is needed. The following Auto-regressive
(1) process is considered for the panel data:

Yit = ρiYit−1 + Xiδi + µit (i = 1, 2, · · · , N, t = 1, 2, · · · , Ti) (1)
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In Equation (1), Xit represents the exogenous variable vector in the model, including the fixed
effect and time trend of each cross-section. N represents the number of members of the section.
Ti represents the observation period of the ith section member. The random error terms µit satisfy the
hypothesis of independent and identical distribution. ρi is the autoregressive coefficient; if

∣∣∣ρi
∣∣∣ < 1,

the corresponding sequence Yit is a stationary sequence. If
∣∣∣ρi

∣∣∣ = 1, the corresponding sequence Yit is
a nonstationary sequence.

Depending on the different limits of the argument ρi in Equation (1), the unit root test methods
of the panel data fall into two categories. The typical methods of the first category include the
Levin–Lin–Chu (LLC) test, the Breitung test and the Hadri test. These types of methods assume that the
cross-section sequences of the panel data have the same unit root process, i.e., ρi = ρ(i = 1, 2, . . . , N).

The methods of the second category allow the cross-section sequences of the panel data to have
different unit root processes. In other words, parameter ρi can change across each cross-section.
The popular methods in this category include the Im-Pesaran-Shin (IPS) test, Augmented Dickey-Fuller
(ADF)-Fisher test and Phillips-Perron (PP)-Fisher test.

In this paper, the commonly used LLC test and ADF-Fisher test are conducted in three modes:
intercept term only, intercept term and trend term and no intercept term or trend term.

2.1.2. Cointegration Test of Panel Data

The panel data can be subjected to a cointegration test if all variables are integrated in the same
order. There are roughly two types of cointegration tests. One is the cointegration tests based on the
Engle-Granger twostep method, such as the Pedroni test and Kao test. The other generally refers to the
Fisher test of panel cointegration based on the Johansen cointegration test.

This paper verifies the cointegration relationship of the panel data through the Kao test based
on the homogenous panel and the Pedroni test based on the heterogeneous panel. Specifically,
the Kao test covers the Dickey-Fuller (DF) test and the ADF test, assuming that the variables have no
cointegration relationship. The Pedroni test constructs 7 statistics based on the regression residuals of
the cointegration equation and uses them to evaluate the cointegration between panel variables.

2.2. Theory and Model Construction of Health Requirement

2.2.1. Health Demand Theory

Grossman introduced the health utility function on the basis of Becker’s family production
function, constructed the health demand theory model and proposed the basic concept of health capital.
The basic framework of the model is as follows.

Suppose that the utility function of a representative consumer is:

U = U(ϕtHt, Zt), t = 0, 1, · · · , n (2)

Among them, Ht is the health capital stock of phase t. ϕtHt is the health of the consumption in
phase t. Zt is the other goods besides those health-consumed in phase t. The initial healthy capital
stock H0 is exogenous. The Ht of each subsequent period is an endogenous variable, which is selected
by the consumer. The consumer lifespan n is also endogenous. The increment of the health capital is:

Ht+1 −Ht = It − δtHt (3)

Among them, It is the healthy capital investment in the period t. δt is the depreciation rate, which is
also assumed to be exogenous and varies with age. It and Zt are determined by the following functions:

It = It(Mt, THt; E) (4)

Zt = Zt(Xt, Tt; E) (5)
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Among them, Mt is a set of goods that can be purchased and will be used as input to produce
It. THt is used to improve the health time. Xt is a general consumable that can be purchased. Tt is
the time spent producing Zt, and all four are endogenous. E is for the exogenous human capital in
addition to health, so the budget constraints consumers face are:

n∑
t=0

PtMt + QtXt

(1 + r)t =
n∑

t=0

WtTWt

(1 + r)t + A0 (6)

Among them, Pt and Qt are the prices of Mt and Xt, respectively. Wt is the salary rate. TWt is
the working time. A0 is the initial wealth, and r is the interest rate. In addition to budget constraints,
consumers face time constraints. The total time available in each period is ω and must be used up in
the current period, so the time constraint is:

TWt + THt + Tt + TLt = ω (7)

TLt is the time lost due to poor health. The above equations constitute the health demand model
of consumers, whose goal is to maximize the total utility under budget and time constraints.

On this basis, more and more scholars supplement and improve the model and gradually form
a more mature theory of health demand. The main contents are as follows: (1) consumers’ health
demand is health itself, and medical and health services are merely derived demands generated in the
process of consumers’ investments in health. (2) Health has dual attributes. On the one hand, it is
regarded as a consumer product and directly enters into the utility function of individuals. Health,
on the other hand, as an investment reduces the total amount of time available for market or nonmarket
activities due to illness. (3) Consumers have a certain initial health capital stock. In order to make up
for health depreciation, they will make health investments to produce health to continuously improve
their total utility, such as purchasing medical services and taking physical exercise. (4) The higher the
consumer’s income, the higher the rate of return on staying healthy. At the same time, education is
also one of the important factors affecting health. The higher the education level is, the lower the cost
of health will be.

2.2.2. Model Construction

Our model was constructed based on the Grossman’s production function for health. Drawing on
the research results of [14,19,24], the economic growth was selected as the input of the production
function for health, the environmental pollution was taken as the mediating variable, while the medical
level and environmental governance were adopted as exogenous explanatory variables. On this basis,
the following model was established:

Healthit = cit + β1lngdpgrit + β2lnenvpit + β3lnhospit + β4envmit + µit (8)

where haelthit is the health level of residents in city cluster i at year t; lngdpgrit and lnenvpit are the
economic growth and environmental pollution of city cluster i at year t, respectively; lnhospit and envmit
are two control variables representing the medical level and environmental governance, respectively;
β1, β2, β3 and β4 are estimated parameters reflecting the degree of influence of each variable on the
health of residents and µit is a random disturbance term of each cross-section. To alleviate problems like
data collinearity and heteroscedasticity, all explanatory variables other than environmental governance
were expressed in logarithmic form, making the sample data more stable.

2.3. Variable Selection

The explained variable is the health of residents in each city cluster. Based on data availability
and comparability, referring to the World Health Organization’s (WHO’s) definition of health and
the production functions for health proposed by [19,21], this paper decides to measure the health of
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residents in each city cluster by the mortality rate. At the same time, this is also the indicator commonly
used in the current health production function in macro research [14,19]. This is a contrary index:
the higher the mortality rate, the poorer the health of the residents.

The main explanatory variables include economic growth and environmental pollution. Based on
data representation, the regional GDP growth rate was selected to measure the economic growth.
This index can accurately reflect how fast the economy grows in a region and has been widely used.
Since different regions have different economic aggregates, different economic structures and large
differences in the number of employees; the GDP growth rate, as one of the important reference
indicators for the horizontal and vertical comparisons of economic levels, can effectively describe the
macro development of a regional economy.

There is no unified standard for measuring environmental pollution at home and abroad. Therefore,
the environmental pollution was represented by the integrated value of three indices: industrial
wastewater discharge, industrial SO2 emissions and industrial soot emissions. Considering that
industry is still the main driving force supporting the economic growth of city clusters in the middle
reaches of the Yangtze River, and industrial emissions have become the main source of environmental
pollution in the process of industrial development, these three indicators are the variables that most
directly affect the health status of residents. In addition, several issues were considered before selecting
the three factors: the residents are constantly exposed to external water bodies and the air; water and
air pollution have direct impacts on the health of residents. However, there are strong overflow
benefits and exogenous determinacy in the water and atmosphere environments, which is conducive
to reducing the endogenous problem of data. In addition, the data of the three kinds of pollution
emissions are more comprehensive and objective than other measurement indicators, which can
effectively avoid the lack of macro data in the use and is also a common index for many scholars to
conduct such research.

Other control variables include the medical level and environmental governance. The former is
expressed by the number of health institutions. The government’s increased investment in medical
resources can strengthen the prevention and treatment of diseases and improve the medical level,
so as to significantly improve the health status of residents. The number of health institutions, as the
infrastructure, to some extent reflects the regional financial investment in medical undertakings,
which is often regarded as an important indicator to evaluate the level of medical resources. The city
cluster in the middle reaches of the Yangtze River is located in the central region, and the economic
development degree of each city is quite different, which makes the financial investment in medical and
health undertakings of each region have a big difference. Therefore, the number of medical institutions
was used to represent the medical level of each city group.

The environmental governance is measured by the average of the municipal sewage treatment
rate, the comprehensive utilization rate of industrial solid waste and the harmless treatment rate
of household garbage. The treatment of municipal sewage, industrial solid waste and domestic
waste is the main measure of environmental control in the research area. The data of these three
indicators, as the main evaluation of the monitoring of ecological protection and construction in China,
comprehensively reflect the strength of urban environmental governance. Meanwhile, in view of the
openness and availability of data, the mean value of these three indicators was chosen to describe the
level of environmental governance in this region.

2.4. Objects and Data Sources

Our empirical analysis targets the 2004–2016 panel data on the city clusters along the middle
reaches of the Yangtze River, which involves 28 cities in the Changsha-Zhuzhou-Xiangtan (CZT) city
cluster, Wuhan city cluster and circum-Poyang Lake (CPL) city cluster. The CZT city cluster, Wuhan city
cluster and the CPL city cluster contain 8, 10 and 10 cities, respectively.

The basic data were collected from China City Statistical Yearbook, China Statistical Yearbook for
Regional Economy, and the yearbooks and socioeconomic development statistical bulletins released
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by relevant provinces and municipalities. The missing data were padded based on the mean growth
rate of the corresponding index in the study period, with the initial year of the available data as the
base period.

The statistical descriptive results of each variable are shown in Table 1. It can be found
that the maximum mean of the mortality rate occurs in the urban agglomerations around the
Changsha-Zhuzhou-Xiangtan (CZT) city cluster, and the minimum mean in the urban agglomerations
around the Wuhan city cluster. The largest mean of the GDP growth rate appeared in the circum-Poyang
Lake (CPL) city cluster, while the smallest mean was in the Wuhan city cluster. At the same time,
the maximum mean values of environmental pollution, medical treatment level and environmental
treatment are all in the urban agglomeration around the Changsha-Zhuzhou-Xiangtan (CZT) city
cluster, and the minimum mean values of medical treatment level and environmental treatment are in
the Wuhan city cluster. Combined with the data of population mortality, it can be speculated that the
above variables may all be important factors affecting the health status of residents in the region.

Table 1. Statistical description of the variables. CZT: the Changsha-Zhuzhou-Xiangtan city cluster.
CPL: the circum-Poyang Lake city cluster. health: the health of residents is measured by the mortality
rate; lngdpr: the logarithmic form of the regional GDP growth rate; Inenvp: the logarithmic form of
environmental pollution; Inhosp: the logarithmic form of the number of medical institutions; envm:
the average rate of the municipal sewage treatment rate, the comprehensive utilization rate of industrial
solid waste and the harmless treatment rate of household garbage.

Variables Unit
(CZT) City Cluster Wuhan City Cluster

Mean Standard Deviation Max Min Mean Standard Deviation Max Min

health One-thousand 7.10 0.41 8.45 6.37 5.12 1.24 7.91 2.50
lngdpr percentage 2.48 0.20 2.77 2.03 2.47 0.24 2.80 1.67
lnenvp Ten-thousand tons 13.70 0.91 15.73 10.99 13.69 1.18 15.45 10.05
lnhosp one 5.31 0.38 5.99 4.64 4.94 0.55 6.19 3.61
envm percentage 82.03 14.14 98.00 35.77 74.45 15.53 97.68 39.77

Variables Unit
(CPL) City Cluster City Clusters Along the Middle Reaches of

the Yangtze River

Mean Standard Deviation Max Min Mean Standard Deviation Max Min

health One-thousand 6.03 0.18 6.33 5.34 6.08 1.11 8.45 2.50
lngdpgr percentage 2.51 0.20 2.84 2.14 2.49 0.22 2.84 1.67
lnenvp Ten-thousand tons 13.62 1.17 15.22 10.93 13.67 1.11 15.73 10.05
lnhosp one 4.98 0.71 6.13 3.47 5.08 0.60 6.19 3.47
envm percentage 79.11 16.50 99.50 22.84 78.53 15.81 99.50 22.84

3. Empirical Analysis

3.1. Unit Root Test of Panel Data

Before the regression analysis, the panel data must receive a unit root test to avoid spurious
regression. In this paper, the panel data are inspected by the LLC test and the ADF-Fisher test using
EViews 8.0. The test results show that most data in the original sequences cannot reject the null
hypothesis, indicating that the sequences are nonstationary ones with unit roots. After first-order
difference processing, all variables passed the significance test at the 1% level and can reject the null
hypothesis. Hence, the processed sequences are integrated of the first order.

3.2. Cointegration Test of Panel Data

Since the sequences of our model are integrated of the first order, the cointegration of the panel data
was examined through the Pedroni test and Kao test. The cointegration was mainly judged by the ADF
statistic in the Kao test and the Panel PP, Panel ADF, Group PP and Group ADF statistics of the Pedroni
test. According to the test results in Table 2, all variables passed the significance test at the 10% level
in the Pedroni test; in the Kao test, the p-value of the CPL city cluster was significant at the 5% level,
while that of any other city cluster was significant at the 1% level. Therefore, the health of residents
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in each city cluster must have a cointegration relationship with economic growth, environmental
pollution, medical level and environmental governance.

Table 2. Results of the cointegration test. PP: Phillips-Perron and ADF: Augmented Dickey-Fuller.

Panels Panel PP Panel ADF Group PP Group ADF Kao Statistic

(CZT) City Cluster −5.12 *** −3.63 *** −9.83 *** −5.82 *** −2.50 ***
Wuhan City Cluster −7.81 *** −4.73 *** −14.36 *** −6.65 *** −2.59 ***
(CPL) City Cluster −1.53 * −1.58 * −3.12 *** −2.56 *** −2.19 **

City Clusters Along the Middle
Reaches of the Yangtze River −8.88 *** −6.16 *** −15.70 *** −8.62 *** −3.96 ***

Note: ***, ** and * mean the significance at the 1%, 5% and 10% levels, respectively.

3.3. Regression Analysis of Panel Data

Before modeling the panel data, the Hausman test was carried out to detect the existence of the
sequence correlation and heteroscedasticity. Based on the test results, the author decided to adopt the
fixed effect model. In addition, the panel-corrected standard errors (PCSE) method was employed to
conduct seemingly unrelated regressions of the panel data on the CZT city cluster, Wuhan city cluster
and the CPL city cluster, respectively. Since the number of cross-sections is greater than the number
of time series, the panel data of the city clusters along the middle reaches of the Yangtze River were
regressed after weighting each cross-section. Table 3 lists the influence of each variable on the health
of residents.

Table 3. Regression results on key explanatory variables. C: constant; R2: coefficient of determination.

Variables
CZT City Cluster Wuhan City Cluster CPL City Cluster

City Clusters Along
the Middle Reaches
of the Yangtze River

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

C 8.78 *** 8.11 *** 6.62 *** 4.50 *** 6.56 *** 5.72 *** 7.09 *** 6.12 ***
lngdpgr −0.68 *** −0.64 *** −0.61 *** −0.52 *** −0.21 *** −0.17 *** −0.43 *** −0.34 ***

lnenvp 0.04 *** 0.14 *** 0.05 *** 0.05 ***

F value 28.4 *** 25.9 *** 330.1 *** 228.1 *** 22.6 *** 61.8 *** 63.1 *** 62.1 ***

R2 0.70 0.71 0.97 0.96 0.66 0.85 0.84 0.84

Sample size 104 104 130 130 130 130 364 364

Note: ***, ** and * mean the significance at the 1%, 5% and 10% levels, respectively.

As shown in Table 3, the health of residents in each city cluster was significantly affected
by the economic growth and environmental pollution, before the addition of the exogenous
explanatory variables.

When the model only contains one explanatory variable: economic growth, the economic growth
in each city cluster could effectively promote the health of local residents. The faster the economic
growth, the better the health of the local residents.

Once the environmental pollution was introduced to the regression equation, the correlation
between economic growth and mortality rate remained negative in all city clusters, but the absolute
value of the coefficient of the impact from economic growth on the mortality rate decreased by varied
degrees. The absolute value of the impact coefficient dropped from 0.68 to 0.64 in the CZT city cluster,
from 0.61 to 0.52 in the Wuhan city cluster, from 0.21 to 0.17 in the CPL city cluster and from 0.43 to 0.34
in city clusters along the middle reaches of the Yangtze River. Thus, environmental pollution exerted
the most prominent mediating effect on the relationship between economic growth and mortality rate
in the Wuhan city cluster.

The above results show that the increase of environmental pollution not only reduces the health
utility of residents but also lowers economic benefits and raises economic costs.
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As shown in Table 4, after all the other control variables had been added, the correlation between
the economic growth and mortality rate remained negative in all city clusters; this variable passed the
significance test at the 1% level. The results demonstrate that economic growth can effectively suppress
the mortality rate and enhance the health of residents.

Table 4. Regression results of our model for the health of residents. ln(envm)2: quadratic term of
the logarithm of the environmental governance; ln(hosp)2: quadratic term of the logarithm of the
medical level.

Variables
CZT City Cluster Wuhan City Cluster CPL City Cluster

City Clusters Along
the Middle Reaches
of the Yangtze River

Model 9 Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 Model 16 Model 17

C 8.34 *** 12.87 *** 4.98 *** 13.88 *** 5.06 *** 5.87 *** 5.65 *** 5.85 *** 8.04 ***

lngdpgr −0.56 ***
−0.58 ***

−0.54 ***
−0.52 ***

−0.19 ***
−0.18 ***

−0.18 ***
−0.30 ***

−0.30 ***

lnenvp 0.01 −0.01 0.11 *** 0.15 *** 0.06 *** 0.05 *** 0.05 *** 0.06 *** 0.05 ***

lnhosp −0.07 **
−0.09 ** −0.07 −0.12 0.11 *** 0.12 *** 0.21 *** 0.007 −0.02

envm 0.01 *** 0.06 *** 0.38 * 0.13 *** 0.002 *** 0.01 *** 0.01 *** 0.001 * 0.03 ***

ln(envm)2
−0.46 ***

−0.10 ***
−0.10 ***

−0.25 ***

ln(hosp)2
−0.016 *

F-value 19.3 *** 22.3 *** 163.9 *** 80.0 *** 101.3 *** 248.2 *** 97.3 *** 59.7 *** 63.2 ***

R2 0.7 0.75 0.95 0.91 0.92 0.97 0.92 0.85 0.86

Sample size 104 104 130 130 130 130 130 364 364

Note: ***, ** and * mean the significance at the 1%, 5% and 10% levels, respectively.

Besides, environmental pollution significantly weakened the health of residents in the Wuhan city
cluster, the CPL city cluster and city clusters along the middle reaches of the Yangtze River. Hence,
growing environmental pollution poses a greater risk to the health of residents; i.e., the environment
quality of a region is closely related to the health of local residents.

In addition, the medical level in the CZT city cluster showed a negative correlation with the
mortality rate and passed the significance test at the 5% level. This means the improving medical level
has a positive impact on the health of the local residents. Note that the medical level in the CPL city
cluster had a positive correlation with the mortality rate, indicating that the local medical resources are
too limited to enhance the health of local residents.

Furthermore, the environmental governance did not improve the health of residents, as expected
in any of the three city clusters. The coefficient of the impact from environmental governance on the
mortality rate was positive in all the three city clusters and passed the significance test. Therefore,
the investment on environmental governance in city clusters along the middle reaches of the Yangtze
River has not suppressed the health risks of local residents but exerted a certain negative effect instead.

However, it is counterintuitive that the mortality rate remains positively correlated with the
medical level and environmental governance in the long term. The positive correlations could be
attributable to the fact that the medical level and environmental governance have not reached the
threshold to effectively reduce health risks.

Therefore, this paper adds the quadratic term of the logarithm of the medical level to the original
model for the CPL city cluster (Model 15). After the addition, the impact coefficients of all variables
were still significant, and their signs remained unchanged. The coefficient of the quadratic term was
significantly negative at the 10% level, revealing the inverted U-shape correlation between the medical
level and mortality rate. It indicates that only when the medical level reaches an inflection point can
the health level of residents be truly and effectively promoted. It also proves that the current medical
infrastructure is not complete, and the medical investment is insufficient, which makes the medical
level of the region unable to reduce the damage to the health of residents caused by environmental
pollution and other factors. In addition, the medical input cost is large, and the low level of public
medical input makes it difficult to bring about an obvious positive effect in a short period of time.
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In addition, the quadratic term of the logarithm of environmental governance was also introduced
to the model for each city cluster. The results show that the coefficients of all first-order terms in each
model were still significant, and their signs remained unchanged. The coefficient of the quadratic
term was significantly negative, showing an inverted U-shape correlation between the environmental
governance and the health of residents. This means the environmental governance increases with the
mortality rate before reaching the inflection point of the U-shape curve and will suppress the mortality
rate after passing that point. The limited effect of the environmental governance mainly comes from
the lack of relevant efforts, the insufficiency of pollution control and the relaxed monitoring standards.

4. Conclusions

Based on the 2004–2016 panel data of the city clusters along the middle reaches of the Yangtze River,
this paper empirically analyzes the impacts of economic growth, environmental pollution, medical
level and environmental governance on the health of residents in the CZT city cluster, Wuhan city
cluster and the CPL city cluster. The main conclusions are as follows:

(1) There is a long-term equilibrium relationship between the health of residents in each city cluster
with economic growth and environmental pollution. Both economic growth and environmental
pollution have important impacts on the health of residents. The medical level of each city cluster
is also closely related to the health of local residents. However, the environmental governance is
insufficient in the city clusters, failing to promote the health of residents in the study area.

(2) The economic growth of city clusters along the middle reaches of the Yangtze River has a significant
positive influence on the health of residents. The sustained and steady development of the
economy can bring good health benefits. Environmental pollution mediates the positive impacts
of the economy on the health of residents. It is a key negative influencing factor of the health
of residents.

(3) In the CZT city cluster, the health of residents can be greatly improved by increasing the medical
level. In the CPL city cluster, the correlation between the medical level and the health of residents
takes an inverted U shape, and the correlation curve has not reached the inflection point; i.e.,
the growing medical level has not effectively enhanced the health of residents. Overall, it is
possible to suppress the negative impacts of environmental pollution and promote the health of
residents by expanding the coverage and rationalizing the allocation of medical resources.

(4) For city clusters along the middle reaches of the Yangtze River, the correlation between
environmental governance and the health of residents always exists as an inverted U. This means
the city clusters have not invested enough in environmental protection to offset the negative
impacts on the health of residents from environmental pollution.

In light of the above findings, the following suggestions were made to improve the health of
residents in city clusters along the middle reaches of the Yangtze River:

(1) Economic development should be vigorously promoted, and the regional industrial structure
should be optimized to find new drivers of economic growth. Economic growth is still an important
basis for ensuring the health of residents. City clusters along the middle reaches of the Yangtze
River should promote high-quality economic development, change the extensive development
model, constantly optimize the internal economic structure, aim at new drivers of economic
development and lay a solid material foundation for ensuring the health of residents.

(2) The local governments should increase fiscal investments on medical services, improve the social
infrastructure and coordinate regional service resources. In addition to pursuing economic growth,
the local governments should improve the livelihood security system, increase public medical
expenditure and encourage social funds to enter the health field. The governments should also
optimize the basic conditions of health, improve medical technologies, expand medical coverage
and reduce the health burdens of residents. Moreover, the social service resources should be
distributed more rationally between urban and rural areas, without sacrificing the service quality.



Healthcare 2020, 8, 93 10 of 11

(3) Pollution emissions should be reduced. Green development should be pursued,
and environmental governance should be deepened. Cities along the middle reaches of the
Yangtze River should change their development concepts, constantly integrate with the ecological
civilization, gradually ban enterprises with high pollution and high energy consumption,
strengthen the management of pollutant discharge and waste from enterprises and reduce air
and soil pollution. At the same time, alternative clean energy should be actively excavated to
reduce energy intensity, and environmental pollution should be curbed at the source. On the
basis of the environmental carrying capacity, environmental governance should be strengthened.
Strict supervision mechanisms should be established, and pollution prevention and control
should be vigorously promoted to improve the living environment.

There are still some deficiencies, which embodied the data acquisition and other reasons.
Some variables, such as the level of economic development and the level of medical care, are not
well-selected, which makes it difficult to reflect the actual situation of each city group in a more
comprehensive and subtle way. Therefore, it may have a certain impact on the evaluation results.
Future research work will further build a more accurate and complete indicator system, improve the
evaluation and measurement methods and conduct an in-depth discussion on the significant results of
regression, so as to obtain more objective and accurate results.

Author Contributions: Conceptualization, Q.D.; methodology, Q.D., Y.Y. and K.Y.; formal analysis, Q.D. and
Y.Y.; writing—original draft preparation, Q.D. and Y.Y.; writing—review and editing, Q.D., Y.Y. and K.Y.;
project administration, Q.D.; funding acquisition, Q.D. and Y.Y. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by Hunan Provincial Association of Social Sciences think tank project “Carbon
Productivity Measurement and Emission Reduction Path of Yangtze River Economic Belt from the Perspective
of Green Development”(ZK2019031), Hunan Provincial Student’s Innovation and Entrepreneurship training
program (S201910534022) and China scholarship fund.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Grossman, M. On the concept of health capital and the demand for health. J. Political Econ. 1972, 80, 223–255.
[CrossRef]

2. Matus, K.; Nam, K.M.; Selin, N.E.; Lamsal, L.N.; Reilly, J.M.; Paltsev, S. Health damages from air pollution in
China. Glob. Environ. Chang. 2012, 22, 55–66. [CrossRef]

3. Engelseth, P.; White, B.E. On people and complexity in healthcare service supply. Int. J. Des. Nat. Ecodynamics
2018, 13, 238–249. [CrossRef]

4. Wang, J.; Chang, Z.Z. China macro health production function: Theory and positive analysis. Nankai Econ. Stud.
2007, 2, 20–42.

5. Allanson, P.; Petrie, D. Longitudinal methods to investigate the role of health determinants in the dynamics
of income-related health inequality. J. Health Econ. 2013, 32, 922–937. [CrossRef]

6. Ecob, R.; Smith, G.D. Income and Health: What is the nature of the relationship. Soc. Sci. Med. 1999, 48,
693–705. [CrossRef]

7. Sepe, M. Regenerating places sustainably: The healthy urban design. Int. J. Sustain. Dev. Plan. 2020, 15,
14–27. [CrossRef]

8. Doorslaer, E.V.; Koolman, X. Explaining the differences in income-related health inequalities across European
countries. Health Econ. 2004, 13, 609–628. [CrossRef]

9. Hong, E.; Ahn, B.C. Income-related health inequalities across regions in Korea. Int. J. Equity Health 2011, 10,
41–51. [CrossRef]

10. Granados, J.A.T.; Ionides, E.L. Mortality and Macroeconomic Fluctuations in Contemporary Sweden.
Eur. J. Popul. 2011, 27, 157–184. [CrossRef]

11. Hanewald, K. Explaining Mortality Dynamics: The Role of Macroeconomic Fluctuations and Cause of Death
Trends. N. Am. Actuar. J. 2012, 15, 290–316. [CrossRef]

12. Qi, Y.; Lu, H.Y. Crisis or turning point: The national health in economic cycle. China Soft Sci. 2015, 12, 36–48.

http://dx.doi.org/10.1086/259880
http://dx.doi.org/10.1016/j.gloenvcha.2011.08.006
http://dx.doi.org/10.2495/DNE-V13-N3-238-249
http://dx.doi.org/10.1016/j.jhealeco.2013.07.001
http://dx.doi.org/10.1016/S0277-9536(98)00385-2
http://dx.doi.org/10.2495/SDP-V15-N1-14-27
http://dx.doi.org/10.1002/hec.918
http://dx.doi.org/10.1186/1475-9276-10-41
http://dx.doi.org/10.1007/s10680-011-9231-4
http://dx.doi.org/10.1080/10920277.2011.10597622


Healthcare 2020, 8, 93 11 of 11

13. Huang, D.S.; Zhang, S.Q. Health benefit evaluation for PM2.5 pollution control in Beijing-Tianjin-Hebei
region of China. China Environ. Sci. 2013, 33, 166–174.

14. Sun, M.; Li, X.W. Air Pollution and Public Health: An Empirical Study Based on Provincial Panel Data.
Popul. J. 2017, 39, 5–13.

15. Chay, K.Y.; Greenstone, M. The Impact of air pollution on infant Morbidity: Evidence from geographic
variation in pollution shocks induced by a recession. Q. J. Econ. 2003, 118, 1121–1167. [CrossRef]

16. Rosemary, D. Local environments and older people’s health: Dimensions from a comparative qualitative
study in Scotland. Health Place 2008, 14, 299–312.

17. Xu, L.L.; Li, Y. The economic effects of rural residents’ health in China: Empirical analysis based on
endogeneity. Chin. J. Health Policy 2017, 10, 71–76.

18. Kemptner, D.; Jürges, H.; Reinhold, S. Changes in compulsory schooling and the causal effect of education
on health: Evidence from Germany. J. Health Econ. 2011, 30, 340–354. [CrossRef]

19. Qu, W.H.; Yan, Z.J. The Influence of environmental pollution, economic growth and healthcare services to
public health based on china’s provincial panel data. Chin. J. Manag. Sci. 2015, 23, 166–176.

20. Farahani, M.; Subramanian, S.V.; Canning, D. Effects of state-level public spending on health on the mortality
probability in India. Health Econ. 2010, 19, 1361–1376. [CrossRef]

21. Zhou, J.; Hu, Q.H.; Duan, D.Q. Empirical analysis of effects of transfer payment and economic growth on
resident’s health. Stat. Decis. 2018, 34, 96–99.

22. Kim, K.; Moody, P.M. More resources better health? A cross-national perspective. Soc. Sci. Med. 1992, 34,
837–842. [CrossRef]

23. Gani, A. Health care financing and health outcomes in Pacific Island countries. Health Policy Plan. 2008, 24,
72–81. [CrossRef] [PubMed]

24. Xu, X.L.; Zhou, L.L.; Zhang, L.R. Empirical Analysis of the Relationship between Regional Economic Growth,
Environmental Pollution and Residents’ Health. Stat. Decis. 2018, 34, 95–98.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1162/00335530360698513
http://dx.doi.org/10.1016/j.jhealeco.2011.01.004
http://dx.doi.org/10.1002/hec.1557
http://dx.doi.org/10.1016/0277-9536(92)90253-M
http://dx.doi.org/10.1093/heapol/czn044
http://www.ncbi.nlm.nih.gov/pubmed/19066181
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methodology 
	Research Methods 
	Unit Root Test of Panel Data 
	Cointegration Test of Panel Data 

	Theory and Model Construction of Health Requirement 
	Health Demand Theory 
	Model Construction 

	Variable Selection 
	Objects and Data Sources 

	Empirical Analysis 
	Unit Root Test of Panel Data 
	Cointegration Test of Panel Data 
	Regression Analysis of Panel Data 

	Conclusions 
	References

