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Abstract

Continued urbanization requires a deep understanding of how urbanization affects residents’ health risks. This study used
regression analysis of Chinese provincial-level panel data from 2004 to 2019 and empirically analyzed the nonlinear effects
of urbanization on health risks and regional differences using STIRPAT model. Health risks were assessed by the average
number of residents’ visits to medical facilities and population mortality. We also examined the moderating effect of income
and environmental factors. The results show that (1) urbanization increases the average number of residents’ visits and reduces
population mortality. The positive effect of urbanization in increasing the average number of visits is reinforced by an increase
in income level and environmental pollution, whereas the negative effect of urbanization in reducing population mortality is
weakened by environmental pollution. (2) Regarding long-term trends, urbanization has an N-shaped relationship with the
average number of residents’ visits, and a U-shaped relationship with population mortality; (3) Urbanization has an N-shaped
relationship with the average number of residents’ visits in the eastern, central, and western regions and an inverted N-shaped
relationship with population mortality in the eastern region. Urbanization has significant effects on residents’ health risks
in areas with high levels of infrastructure. According to the results, suggestions are proposed, such as developing new-type
urbanization, improving infrastructure, focusing on green urbanization, and promoting national fitness programs.
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Introduction

The main purpose of our study is to investigate the effects
of urbanization on residents’ health risks in China. As
stated in Agenda 21 of the Sustainable Development of the
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United Nations, there can be no healthy development with-
out a healthy population. The 19th National Congress of
the Communist Party of China pointed out that “A healthy
population is a key indicator of a prosperous nation and a
strong country,” and clearly put forward the development
strategy of building a healthy China. Promoting the devel-
opment of a healthy China is an important foundation for
creating a moderately prosperous society in all respects and
achieving socialist modernization. The health of residents
is the basis for creating a healthy China. As an important
embodiment of the national quality of life and social stabil-
ity, health is significant to the survival and development of
human beings. On the one hand, China’s economic develop-
ment has entered a new normal; the industrial structure is
in a critical stage of transformation and upgrading. Since
China has reached the “Lewis turning point,” the traditional
economic development momentum is insufficient, and future
economic growth will primarily be driven by reform and
innovation. Therefore, improving the level of human capi-
tal to ensure economic growth has become an important
development direction of the Chinese economy. Health is a
critical component of human capital (Albertini et al. 2021),


http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-022-24767-y&domain=pdf
http://orcid.org/0000-0003-4279-0277

Environmental Science and Pollution Research (2023) 30:35554-35571

35555

and has important practical significance for social and eco-
nomic development. On the other hand, China has completed
the development of a moderately prosperous society in all
respects by 2021, and the living standards and quality of life
have generally improved. According to Maslow’s hierarchy
of needs theory, residents are more likely to place higher
importance on health as an economy develops. Against this
background, it is critical for the formulation of public poli-
cies and sustainable economic development to investigate
channels and mechanisms to improve residents’ health and
reduce their health risks.

As the product of modern civilization, cities have a sub-
stantial influence on the health of residents during economic
and social development. Over the past two decades, China
has experienced rapid urbanization. The urbanization rate
rose from 36.22% in 2000 to 64.72% in 2021 and is expected
to reach 65.5% in 2025. Thus, urbanization has played a key
role in absorbing surplus rural labor, promoting industrial
aggregation and accelerating regional economic develop-
ment. It is a crucial aspect of China’s economic and social
development level. In 2020, China proposed a new develop-
ment pattern focusing on domestic circulation and domestic
demand to achieve internal circulation. President Xi Jinping
of China has repeatedly emphasized that urbanization is crit-
ical for maintaining the development momentum of China’s
domestic demand. The importance of urbanization increases
continuously. However, the rapid advancement of urbaniza-
tion has brought new challenges to residents’ health. Dec-
ades of rapid urbanization in China have provided opportu-
nities to improve people’s health because residents living in
urban areas typically have better access to medical services
and education and have higher income levels than those liv-
ing in rural areas. However, urbanization has also resulted
in many new health risk factors, especially the unique chal-
lenging environmental and social conditions of cities. For
example, urbanization in China has caused bad eating habits,
a more sedentary lifestyle, and more pollution, adversely
affecting the future health of the population.

Most related studies focused on the positive or nega-
tive effects of urbanization on health, while ignoring the
long-term trends on residents’ health risks. The impact of
urbanization on health is the result of multiple factors, and
the relationship between the two may be complex and non-
linear. The future development dynamics of urbanization in
China will remain strong, and the country’s health policy has
continued to advance. The actions of the Chinese govern-
ment during the recent COVID-19 pandemic are a reflection
of the importance the country attaches to people’s health.
Against this background, it is of practical significance to
study the impact of urbanization on residents’ health to
promote science-based and rational urbanization to reduce
residents’ health risks and promote the development of a
healthy China.

Literature review

Scholars have conducted extensive research on residents’
health risks, focusing primarily on the following aspects.
The first is the current situation and characteristics of resi-
dents’ health. The spatial distribution of people’s health
status in China is typically a “T-shaped” pattern charac-
terized by declining health from east to west and from the
center to the north and to the south (Zhao et al. 2018).
The second aspect is the analysis of the influencing fac-
tors of residents’ health, including the following four fac-
tors. (1) Economic factors. Most studies have found that
an improvement in the economic level reduced residents’
health risks (Lu et al. 2017; Zhao et al. 2018), although
some studies reported that a high income was positively
associated with a higher risk of chronic diseases (Miao and
Wu 2016). (2) Education level. Most studies have affirmed
the inhibitory effect of the education level on residents’
health risks (Tan et al. 2020). (3) Investment in medical
resources. Most studies have acknowledged the positive
effect of medical resources on residents’ health (Lu et al.
2017; Baguma 2017). (4) Environmental pollution. The
consensus is that environmental pollution has a significant
negative effect on residents’ health (Lu et al. 2017). The
third aspect is the analysis of the impact of health on econ-
omy and society. The aspect is closely related to health
economics. It is a critical component of human capital
and affects economic development (Albertini et al. 2021).

Table 1 summarizes the relevant literature on the effects
of urbanization on people’s health. This topic is controver-
sial, and different scholars have reached inconsistent conclu-
sions. Some scholars believe that urbanization can improve
the health level of residents (Brueckner 2019; Chen et al.
2014; Liu et al. 2017). Another view is that urbanization has
a negative impact on residents’ health (Eckert and Kohler
2014; Zheng and Kahn 2013), is harmful to the health of
some vulnerable groups (Qin et al. 2013), increases the risk
of malnutrition among residents (Poel et al. 2012), and also
increases the probability of reporting poor health (Van de
Poel et al. 2012). However, some scholars pointed out that
the impact of urbanization on health is complex, and found
an inverted U-shaped relationship between urban develop-
ment level and residents’ health risks (Chen et al. 2017b).
When the per capita GDP exceeds a threshold, the negative
impact of urbanization on residents’ health increases sig-
nificantly (Jiang et al. 2021). Other scholars have studied
the effects of urbanization on the health risks of different
groups. Urban residents typically have better health than
rural residents (Chen et al. 2017a). Urbanization has a more
pronounced effect on women (Colvin 2015) and is more
likely to pose risks to the mental health of black and white
children (Ventriglio et al. 2020).
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Table 1 Effects of urbanization on residents’ health risks

Literature Research findings

Chen et al. (2014)
Chen et al. (2017a)
Chen et al. (2017b)
Colvin (2015)

Urbanization has a positive impact on residents’ physical health and a negative impact on residents’ mental health
Urban residents have better health status than rural residents
The relationship between urbanization and health in high- and middle-income populations has an inverted U-shape

Urbanization is more harmful to women's health

Eckert and Kohler (2014) Urbanization has differential effects on urban and rural health, with children in urban areas at higher risk of being
overweight and at higher risk of chronic disease

Gong et al. (2012)
risks

Jiang et al. (2021)

Li et al. (2016)

Liu et al. (2019)

Liu et al. (2017)

Lu et al. (2021)

Miao and Wu (2016)
Poel et al. (2012)

Qin et al. (2013)

Shao et al. (2022)

Van de Poel et al. (2012)

Urbanization will increase health expenditure

Environmental issues in urbanization increase health risks, while rising incomes and medical care help reduce health

Urbanization improves population health, but the positive effect of urbanization on population health diminishes
significantly above a certain level of income

Urbanization will increase morbidity and mortality in China

Elderly people in urban areas have higher self-rated health levels

Urbanization has driven a major shift in epidemics from communicable to non-communicable diseases
Urbanization increases PM2.5, and increases health risks

Urbanization is more harmful to the health of high-income earners

Urbanization will reduce the self-rated health level of individuals

Urbanization has reduced the health of medical service personnel

Urbanization reduces the self-rated health level of individuals

Different scholars hold different views on how urbani-
zation affects residents’ health. Some believe that urbani-
zation improves the health status of residents by increas-
ing their education level and income level (Jiang et al.
2021) and improving health services (Liu et al. 2019).
In contrast, some studies have shown that the expan-
sion of cities causes environmental pollution problems,
increases the concentration of PM2.5, causes air pollu-
tion, and threatens the health of residents (Lu et al. 2021;
Liu et al. 2022; Dong et al. 2021). Besides, urbanization
has changed the personal life and work style and increased
the health burden of residents (Gong et al. 2012; Li et al.
2016) and health care expenditure (Shao et al. 2022),
thereby increasing the health risks of residents.

In summary, scholars have examined the relationship
between urbanization and residents’ health risks from mul-
tiple perspectives, providing a solid foundation for our study.
However, these studies have some shortcomings.

First, most studies have focused on the correlation
between urbanization and health risks and the path of influ-
ence (Chen et al. 2017b; Van de Poel et al. 2012) and con-
ducted normative, empirical analyses of the linear causal
relationship. However, few researchers studied the nonlinear
effects of urbanization on residents’ health risks. Our study
portrays the effect of urbanization on residents’ health risks
more accurately and realistically. In addition, we analyze the
moderating role of income and environmental factors on the
effect of urbanization on residents’ health risks, providing
deeper insights into this relationship.

@ Springer

Second, studies have focused on the analysis of hetero-
geneity at the micro level, examining differences in the
impact of urbanization on the health of different groups.
Groups were divided by income level (Miao and Wu
2016), gender (Colvin 2015), and age (Chen et al. 2017b),
and some studies examined differences in the impact of
urbanization on urban and rural areas (Eckert and Kohler
2014). In contrast, we perform macro-level heterogene-
ity analysis and explore the differences in the impact of
urbanization on residents’ health risks under regional
infrastructure imbalances. Thus, we provide information
critical for decision-making and public policy formulation.

Third, some health indicators in previous studies may
not have been suitable. Scholars who adopted macro data
analysis used perinatal mortality (Lu et al. 2017), mater-
nal health coverage (Hanlon et al. 2012), or life expectancy
(Eckert and Kohler 2014) as health indicators, but these
indicators do not adequately reflect the health of residents.
Even if the population mortality decreases, many chronic
diseases increase residents’ health risks. There is also a ten-
dency to use microdata analysis to measure health using
self-rated health outcomes (Albertini et al. 2021; Tan et al.
2020; Poel et al. 2012), but microdata may be may be sub-
jective and applicable only to certain and applicable only to
certain groups. In this study, we use the average number of
residents’ visits as an indicator of residents’ daily health. In
reality, the health concerns of residents are not only about
the final outcomes, such as life expectancy, but people are
more concerned and interested in their daily health status.
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Fig. 1 The mechanism of the effect of urbanization on residents’ health

Theoretical mechanism of the effect
of urbanization on residents’ health risks

Urbanization can have a positive impact on residents’ health.
First, urbanization improves the infrastructure and has the
following effects: (1) medical resources are more abundant,
i.e., the number of health facilities assess to medical insur-
ance coverage, and improvements in medical technology.
(2) The health facilities have high quality, improving the
ability to provide a high health service level and prevent
epidemics. (3) The transportation facilities are abundant,
making people’s daily lives more convenient. An improve-
ment in infrastructure enable more convenient access to
medical treatment, improves the medical technology level,
and reduces population mortality. Second, educational
resources are more abundant in cities than in rural areas.
Thus, urban residents can acquire more knowledge about
health and disease prevention, raising the awareness level of
urban residents regarding their health. Third, urbanization
o is typically associated with higher economic development
and income levels. A higher income level enables people to
invest in health through social insurance, exercise, and fit-
ness to reduce stress and improve mental health, thus reduc-
ing residents’ health risks.

Urbanization can also have adverse impacts on residents’
health. First, urbanization is associated with high industri-
alization. The discharge of industrial wastewater, smoke,

and dust causes environmental problems, such as air and
water pollution, damages the ecological environment, and
increases the probability of residents suffering from car-
diovascular and respiratory diseases. Second, urbanization
has changed the work and lifestyle of residents. Urban resi-
dents are mostly engaged in sedentary work, do not exercise
enough, and often eat high-calorie and high-fat foods, lead-
ing to obesity and hypertension. The fast-paced work and
lifestyle in cities increases residents’ mental stress, poten-
tially causing mental illness. Third, the crowded population
in cities increases the spreading probability of infectious
diseases and the cost of medical services.

Figure 1 shows the mechanism of the effect of urbaniza-
tion on residents’ health. The impact of urbanization on resi-
dents’ health is the result of many factors. The role of each
factor may differ in different urbanization stages; therefore,
the relationship between urbanization and residents’ health
is complex and nonlinear.

Although few studies have examined the transmission
mechanism of the effect of urbanization on residents’ health
risks, it has been shown that income and environmental fac-
tors are critical. Jiang et al. (2021) found that the impact of
urbanization on health differed for different income groups,
with greater health risks in high-income groups (Miao
and Wu 2016). In addition, a change in income causes the
impact of urbanization on health to shift from a linear to a
nonlinear relationship (Chen et al. 2017b). Lu et al. (2021)

@ Springer



35558

Environmental Science and Pollution Research (2023) 30:35554-35571

Table 2 Descriptive statistics of

the main variables Variables Unit Obs Mean S.D Min Max
UR % 496 53.0133 14.7694 23.8000 89.3000
DE % 496 5.9975 0.7339 4.3100 7.3900
VI time 496 2.0018 1.3224 0.5587 6.9087
GDP Yuan/per person 496 38,252.7344 26,074.0176 4244 161,776
ED person 496 5711 4058 80 20,188
ME person 496 107.9029 163.9234 2.5710 1242.4580
EN 10*ons 496 58.9364 45.7609 0.1000 200.2800
OR % 496 13.2158 3.0749 7.5000 22.6000

The dataset contains annual data for 31 provinces in China from 2004 to 2019.

acknowledged that the emission of pollutants as a result
of urbanization increased the health burden of residents.
An increase in emissions is a major factor contributing to
increases in health risks during urbanization (Dong et al.
2021; Ding and Li 2017). Therefore, we investigate the mod-
erating effects of income and environmental factors in the
relationship between urbanization and health risks to clarify
the underlying mechanism.

Data and methods
Data resources and descriptive statistics

This study used annual data of the relevant variables from 31
provinces (autonomous regions and municipalities directly
under the central government) in China from 2004 to 2019
(due to the lack of relevant data from Hong Kong, Macao,
and Taiwan, these regions were excluded) to construct a bal-
anced panel. All data were obtained from China Statistical
Yearbook and China Environmental Statistical Yearbook.
The variables are as follows:

e Explained variable: residents’ health risks (HE). Resi-
dents’ health risk is a multi-dimensional concept, and it is
difficult to select one index to measure it. Thus, we used
the average number of residents’ visits (VI) and popula-
tion mortality (DE). The former reflects the daily health
level of residents, and the latter describes the terminal
health level of residents.

e Core explanatory variable: urbanization rate (UR). Con-
sistent with a lot of literature, this study uses the ratio of
urban resident population to total population to measure
the urbanization level of each region.

e Control variables. According to the analysis of the theo-
retical mechanism, we chose the following variables:
income level (GDP) is expressed as the per capita gross
domestic product; education level (ED) is expressed by
the population aged 6 and above with high school educa-
tion; medical health level (ME) is expressed by the aver-
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age number of medical and health personnel per 10,000
persons. The degree of environmental pollution (EN) is
measured by the annual emission of sulfur dioxide. Envi-
ronmental pollution inhibits urbanization in China (Wu
et al. 2020), affecting residents’ health. If residents are
exposed to polluted air for a long period, they are more
affected by air pollution. China’s energy consumption
structure is dominated by coal combustion, and pollutants
such as sulfur dioxide and smoke dust are the main causes
of air pollution. Thus, we chose the annual emission of
sulfur dioxide to reflect the degree of environmental pol-
lution. The level of population aging (OR) is measured by
the dependency ratio of the elderly population. Table 2
lists the descriptive statistics of the variables.

Figure 2 shows the relationship between the urbaniza-
tion rate in China and residents’ health risks. As the urbani-
zation rate increases, the population mortality increases
and decreases, and the average number of residents’ visits
increases. The data were averaged at the provincial level,
but the economic development and urbanization levels vary
greatly in different Chinese provinces. Thus, further analysis
is required.

Figures 3 and 4 show the box scatter diagram of the aver-
age number of residents’ visits and population mortality,
respectively, over time. Figure 3 shows that the average num-
ber of residents’ visits can be divided into three stages. The
average number of residents’ visits shows an upward trend
from 2004 to 2014, declines slightly from 2014 to 2017, and
increases after 2017. Most provinces exhibit a low number
of residents’ visits. The distance between the upper edge and
the upper quartile is the largest in the boxplot, indicating
that the residents’ health risks are substantially different in
high-value areas. The distance between the lower edge and
the lower quartile is the smallest, suggesting that residents’
health risks are similar in low-value areas. Although the
number of provinces with high-value areas is small, there are
large fluctuations, indicating the sensitivity of health risks
to policies in high-value areas. The number of provinces in
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low-value areas is relatively large, the changes are small, and
the response to relevant policies is relatively slow.

Figure 4 shows no significant change in population
mortality over time. Most provinces have high mortal-
ity, but the data are scattered. The distance between the
lower edge and the lower quartile is large, indicating
that residents’ health risks differ in the low-value areas.

year

In contrast, the distance between the upper edge and the
upper quartile is relatively small, suggesting that resi-
dents’ health risks are similar in these provinces.

Methodology

Ehrlich et al. established the IPAT model, namely I=P A
T, to analyze the impact of human economic activities on

@ Springer
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Fig.4 Box scatter diagram plot of population mortality

the environment. This model has been widely used because
of its simplicity and intuitive interpretation; however, it has
limitations, i.e., it is assumed that the influence of the inde-
pendent variables on the dependent variables is proportional.
Dietz and Rosa (1997) revised the IPAT model and proposed
the STIRPAT model:

By g Po b
Iy = aP)AT T e, 1)

where I and ¢, respectively, represent the individual and
the observation time, I represents the environmental factor,
P represents the population factor, A represents the degree of
wealth, and T represents the technical level; « is a constant
term; f3;, f,, and f3; are parameters to be estimated, and e is
a random error term. This equation has been widely used
to analyze the influence of various factors on the environ-
ment. A natural logarithm transformation of the variables
eliminates sequence correlation and changes a nonlinear
relationship into a linear relationship, reducing the influ-
ence of heteroscedasticity and data fluctuation on the model
estimation results. This study uses the urbanization rate as
the core explanatory variable and residents’ health risks as
the explained variable and establishes models that include

@ Springer
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the first-order, quadratic term, and cubic term of the urbani-
zation rate; I and ¢ represent the provinces and years, respec-
tively, and £ is a random error term:

InHE;; = a; + o»InUR;; + a3InGDP;, + a4InED;,

+ asInME;, + aglnEN;, + a;InOR;, + €, )

InHE,, =a; + a,InUR;, + a;InUR, + ,InGDP,,
+ asInED;, + agInME;, + a7InEN;, + aglnOR;, + ¢, 3)

InHE;, = a; + ayInUR;, + a;InUR%:+a,InUR? + asinGDP,,
+ agInED;; + ayInME;; + aglnEN;; + aglnOR;, + €;, )
Model (5) is constructed to evaluate the moderating
effect of income and environmental factors on health risks,
where X is the moderating variable. The core and moderat-
ing variables have been decentered to avoid the problem of
multicollinearity.
InHE;, = B, + p,InUR;, + p3inGDP,, + p,InED;, + f5InME;,
+ BsInEN;, + f,InOR;+pgInUR,, + InX;, + ¢€; 5)
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Table 3 The imp acF of Variables InVI InDE
urbanization on residents’
health risks €8 2) 3) 4) 5)
InUR 0.1165™" —-2.3816™" 40.1438" —-0.0787" -1.3277"
(2.86) (—5.60) (7.00) (—2.03) (=3.19)
InUR? 0.3449™"" —11.2227" 0.1724™"
(5.90) (—7.34) (3.01)
InUR? 1.0436™
(7.70)
InGDP —0.0686" —-0.0536" 0.0263" 0.0662" 0.0708™
(—2.03) (-1.82) (1.82) (2.04) (2.20)
InME 0.3264™" 0.3338"" 0.5047"" 0.0418" 0.0455"
(12.40) (13.13) (24.97) (1.67) (1.83)
InED —0.0746™" —0.0597" —-0.0076 —0.1361"" —0.1287"
(—2.63) (=2.17) (—0.50) (-5.03) (—4.78)
InEN —0.03517" —-0.0325™" —0.0299™ —0.0033 —0.0021
(-3.57) (—3.44) (—4.13) (-0.31) (=0.18)
InOR —0.0408 —0.0402 0.0486" 0.2241™ 0.2244""
(—1.44) (= 1.47) (1.73) (8.32) (8.41)
Constant 0.5443" 47860 —49.173™ 1.8949"* 40156
(1.67) (6.10) (—6.85) 6.11) (5.23)
Observations 496 496 496 496 496
R? 0.953 0.957 0.940 0.301 0.315
Province FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Hausman P=0.0000 P =0.0000 P=0.0000 P=0.0000 P=0.0000

, ™", and ™ indicate significance levels of 10%, 5%, and 1%, respectively.

Results and discussions
Stationarity test and co-integration test

An important prerequisite for regression analysis of panel
data is data stability or data has the same single integer
order. It is necessary to perform unit root tests on each
variable to avoid spurious regression in empirical analysis.
In this study, the Levin-Lin-Chu (LLC) test and augmented
Dickey-Fuller (ADF) test were used to test the unit root
of the panel data. The test results are listed in Table S1.
All variables passed LLC test and ADF test in the first-
order difference and were first-order single integer I(1)
sequences.

The Kao test and Pedroni test were used co-integration
tests to determine if a stable long-term relationship existed
between residents’ health risks and the explanatory vari-
ables. The test results are listed in Table S2. The results of
most panel data co-integration tests indicated a co-integra-
tion relationship between the explanatory and explained
variables; thus, there was a stable long-term relation-
ship between residents’ health risks and the explanatory
variables.

Estimation results of panel model at the national
level

Table 3 reports the estimated results of the effects of urbani-
zation on the average number of residents’ visits and popu-
lation mortality in 31 provinces (autonomous regions and
municipalities directly under the central government) in
China during 2004-2019. The Hausman test results show
that a fixed-effects model can be used (P=0), regardless
of the health risks measured by the average number of resi-
dents’ visits or population mortality.

The coefficient of [nUR in model (1) is significant and
positive, and the coefficient of [nUR in model (4) is sig-
nificant and negative, indicating that urbanization signifi-
cantly increases the average number of residents’ visits
and significantly reduces population mortality (Jiang et al.
2021). Urbanization changes residents’ living environ-
ment, lifestyle, and income level. The deterioration of the
living environment, increasing stress and changes in work
habits have adversely affected people’s bodies and minds
(Lu et al. 2021), increasing their health risks. However, due
to an increase in income and the popularization of health
and medical insurance, people have focused more on their
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physical and mental health (Chen et al. 2014). People who
are afflicted by diseases or have mental health conditions
will see doctors, increasing the average number of visits.
Urbanization has also resulted in an increase in the num-
ber of medical facilities and resources, as well as advances
in medical technology (Gong et al. 2012). Combined with
the fact that residents are more likely to seek medical care
and restore their health in time, urbanization has led to a
decrease in mortality.

Models (2), (3), and (5) include the quadratic and cubic
terms of the urbanization rate, respectively, to evaluate
whether the effect of urbanization on residents’ health risks
is nonlinear.

The estimation results obtained from model (3) show
that the effect of the urbanization rate on the average num-
ber of residents’ visits is nonlinear, and there is a signifi-
cant N-shaped relationship between the two. There are two
inflection points in this curve. The first one occurs when the
average number of visits changes from an increasing trend to
a decreasing trend as urbanization progresses. At this point,
China’s urbanization rate is low, and the negative impact of
urbanization on the environment is relatively small. Before
the first inflection point, an increase in the residents’ income
and improvements in medical services were the main reasons
for an increase in the number of visits. At a low level of
urbanization, the lack of medical infrastructure and the low
level of medical technology in most areas of China made it
difficult for residents to access medical care; thus, many resi-
dents did not have positive views of medical care. After the
inflection point, a downward trend is observed in the average
number of visits. The main reasons are the decline in resi-
dents’ health risks and their neglect of health. Environmental
pollution a relatively small impact on residents’ health at this
stage, and improvements in infrastructure and medical tech-
nology were beneficial to residents’ health. The economic
effect of urban development was beneficial to residents, solv-
ing the employment problem and improving the economic
conditions and the lives of residents (Tan et al.2020), thus
reducing health risks. However, residents tended to focus less
on their health, and the average number of visits decreased.

The second inflection point occurs when the average
number of residents’ visits changes from a decreasing trend
to an increasing trend as urbanization progresses. The main
reasons are the deterioration of the living environment and
the importance residents attach to their health. At this stage,
the level of urbanization is high. People have focused on eco-
nomic benefits and ignored environmental problems, result-
ing in environmental degradation. Environmental pollution
has increased significantly, with pollutants such as industrial
fumes, dust, and sulfur dioxide, adversely affecting the daily
health of residents (Dong et al. 2021) and increasing their
health risks. In addition, a high-income level does not guar-
antee happiness. At this stage, the material needs of Chinese
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residents are met, and more residents pursue a spiritual life.
Higher education levels cause residents to focus on physical
and mental health, participate in daily medical checkups,
and actively seek medical treatment. As a result, the average
number of residents’ visits continued to increase.

The estimation results from model (5) show that the effect
of the urbanization rate on population mortality is also nonlin-
ear, with a significant U-shaped relationship between the two.
This curve has an inflection point, i.e., the population mortal-
ity shifts from a downward trend to an upward trend with the
development of urbanization, and the health risks increase.
Before the inflection point, advances in medical technology
and rising income levels were the main reasons for a decline
in population mortality. Residents had the money for medical
treatments, hospitals had the ability to treat diseases, the aver-
age life expectancy of residents rose, and the population mor-
tality declined. However, as the urbanization rate increased,
so did the pollution level. This stage was characterized by
rapid urban development, and the national policy of pursu-
ing economic development led to a substantial disregard for
environmental issues. Moreover, the rising prices of goods
and materials and the cultural needs of residents increased
the stress of urban residents. Environmental problems and
life pressures increase the probability of serious illnesses and
significantly increase health risks of residents (Miao and Wu
2016). Medical technology has a larger influence on popula-
tion mortality than medical resources; however, China’s medi-
cal technology at this time required improvements, and the
cure rate of serious diseases was low, increasing population
mortality (Li et al. 2016; Poel et al. 2012).

Theoretically, another inflection point occurs as the urban-
ization rate increases, resulting in a downward trend of popu-
lation mortality. The main reason is that the negative impact
of urbanization on the environment is mitigated by techno-
logical innovation and structural transformation, improving
the living environment of residents (Chen et al.2017a). Mean-
while, the further improvement of urban medical technol-
ogy provides better public health services for urban residents,
reducing their health risks as the urbanization rate increases.
However, the national data of China indicate that the third
order term in the model is not significant, suggesting that
the urbanization level of most provinces has not yet reached
this stage. Therefore, we observe a U-shaped relationship
between population mortality and urbanization rate, which is
confirmed by the results of the regional analysis in Table 9.

This nonlinear effect of urbanization on residents’ health
risks reflects the economic and environmental influences
of urban development. In the early stages of urbanization,
the economic development and industrialization levels are
low, thus, the impact on the environment is low. Society is
focused on economic development and advances in industry
and technology. As a result, medical technology improves,
and people’s income level increases, reducing health risks.
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Fig.5 Fitting curves describing
the relationship between the
urbanization rate and residents’
health risks

InVI (time)

——— Urbanization rate and population mortality

Urbanization rate and the average number of residents’ visits

As the urbanization rate increases, the economic develop-
ment level rises significantly, and people enjoy the bene-
fits of economic development. However, industrialization
causes emissions, wastewater discharge, and environmental
pollution, thereby increasing residents’ health risks. The
economic development level is low at this stage and people
still benefit from urbanization. Thus, policies are focused on
economic development and less on environmental problems,
and people pay less attention to health problems. When the
level of urbanization is high, the income level of residents
is high, and people tend to focus on more than material life.
The pursuit of economic development while ignoring envi-
ronmental degradation in the past has adversely affected the
ecological environment and significantly increased residents’
health risks. The future development of urbanization must
balance economic development and environmental protec-
tion to achieve economic and social progress.

Other variables have different effects on residents’ health.
The income level is positively correlated with the average
number of residents’ visits and population mortality. Areas
with higher income levels often have substantial environ-
mental degradation and higher living pressures (Jiang et al.
2021), and the residents have higher risks of illness. The
medical health level has a positive correlation with the aver-
age number of residents’ visits and population mortality;
thus, improving medical technology is critical to reduce
health risks (Baguma 2017; Liu et al. 2019). The effect of
the education level on the average number of residents’ visits
is not significant but is significantly and negatively corre-
lated with population mortality. An improvement in the edu-
cation level can help residents to acquire more knowledge

InUR (%)

about health and disease prevention, increase the residents’
focus on health (Tan et al. 2020), and reduce population
mortality. The level of population aging is positively cor-
related with the average number of residents’ visits and
population mortality. As China’s population is aging, more
attention should be directed at the health problems of the

Table 4 Results of the test of the moderating effects of income and
environment

Variable InVI InDE
ey @) 3)
InUR 0.1986™ 0.0710 —0.1068""
4.21) (1.69) (—2.65)
InUR*InGDP 0.2407"
(11.26)
InUR*InEN 0.4395™" 0.0306™
(3.79) (2.43)
InGDP 0.0737"
(5.39)
InEN —0.0387"" —0.0056
(-3.97) (-0.59)
Controls Yes Yes Yes
Constant —2.7134" 0.9893"" 2.1698""
(-15.22) (2.89) (6.59)
Province FE Yes Yes Yes
Observations 496 496 496
R? 0.9392 0.9549 0.3104

* %% and *** indicate significance levels of 10%, 5%, and 1%,
respectively.
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Table 5 Results of endogeneity
test

Table 6 Results of robustness
test: substitution variable
method

@ Springer

Variable First stage-InUR Second stage-InVI First stage-InUR Second stage-InDE
1) 2 3) )
InUR 0.9604" —0.8956™
(2.09) (-2.21)
InGDP 0.1761""" —-0.0861"" 0.1761"" —0.1564™
(13.60) (-1.12) (13.60) (~2.30)
InME 0.0700™" 0.4081™" 0.0700™" —0.0550
(3.36) 9.31) (3.36) (-1.42)
InED 0.0437" —-0.0393 0.0437" —0.0697
2.72) (-1.22) (2.72) (—2.45)
InEN 0.0085 —-0.0678"" 0.0085 —-0.0015
(1.18) (—6.85) (1.18) (=0.16)
InOR 0.1444™ —-0.0905" 0.1444™" 0.0653
(1.59) (-1.10) (1.59) (1.06)
InWATER 0.0805"" 0.0805""
(3.15) (3.15)
Constant 0.6433"™ —-2.7686""" 0.6433"" 0.5266
(2.95) (—4.90) (2.95) (1.06)
Observations 496 496 496 496
R? 0.8008 0.8580 0.8008 0.2804
Province FE Yes Yes Yes Yes
F-Stat 79.10 33.18 79.10 10.97
*, %% and *** indicate significance levels of 10%, 5%, and 1%, respectively.
Variables InVI InDE
(1) (2) 3) 4) )
InID —-0.3732" —37.2542"" 1815.4550™"
(—2.26) (—4.42) (3.94)
InID? 4.1716™" —416.2242"""
(4.37) (-3.98)
InID? 31.7922™"
(4.02)
InEM —-0.0359"" —0.0963""
(-3.36) (—3.56)
InEM? 0.0067"
(2.43)
InGDP —0.0013 —0.0259 —0.0064 0.0741" 0.0749™
(—0.04) (—0.74) (-0.18) (2.38) (2.39)
InME 0.3375™ 0.3656™" 0.3732"" 0.0194 0.0037
(12.89) (13.82) (14.30) 0.77) (0.15)
InED —0.0572"" —0.0768""" —-0.0782"" —-0.1306"" —0.1251™"
(- 1.99) (~2.70) (=2.79) (-4.85) (—4.65)
InEN —0.0334™" —0.0262"" —0.0252"" -0.0035 0.0023
(—3.38) (-2.67) (-2.61) (-0.38) 0.27)
InOR —0.0293 —0.0463" —0.0246 0.2143"™* 0.2014™
(-1.05) (- 1.68) (=0.89) (8.22) (7.62)
Constant 1.7875™" 83.5750""" —2637.9250"" 1.7314™" 1.8817""
(2.74) (4.47) (-3.90) (5.54) (5.94)
Observations 496 496 496 496 496
R? 0.953 0.955 0.957 0.312 0.321
Province FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Hausman P=0.0000 P=0.0000 P=0.0003 P=0.0000 P=0.0000

EEEY

, and " indicate significance levels of 10%, 5%, and 1%, respectively.
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elderly (Chen et al. 2017b; Gong et al. 2012). We should
actively promote old-age welfare, improve the health level
of all people, and reduce the possible negative impacts of
an aging population on the development of a healthy China.

The fitted curves describing the relationships between the
UR and the VI and DE are shown in Fig. 5. The results show
the following: /nUR has an N-shaped relationship with /nVI,
with inflection points at 3.423 and 3.745, respectively. When
the urbanization rate is below 30.66%, the average number of
residents’ visits increases with an increase in the urbanization
rate. At urbanization rates between 30.66 and 42.31%, the aver-
age number of residents’ visit decreases with an increase in the
urbanization rate. When the urbanization rate exceeds 42.31%,
an increase in the urbanization rate results in an increase in the
average number of residents’ visits. There is a U-shaped rela-
tionship between /nUR and InDE, with an inflection point at
3.841. When the urbanization rate exceeds 46.57%, an increase
in the urbanization rate increases population mortality.

Results of moderating effect test

Table 4 lists the results of the moderating effect test. Model
(1) shows that the coefficient of InUR* InGDP is significant
and positive, and the coefficient of the urbanization rate is
positive, indicating that an increase in the income level

reinforces the positive effect of urbanization in increasing the
average number of residents’ visits. The income level reflects
the living standard. As it increases, residents are more likely
to seek medical care when they experience health problems
(Ettner 1996; Gong et al. 2012). The positive coefficient of
InUR*InEN in model (2) indicates that environmental pollu-
tion reinforces the positive effect of urbanization in increasing
the average number of residents’ visits. Increased emissions
due to urbanization can threaten the health of residents in the
long run (Lu et al. 2021), increasing their health risks. The
coefficient of [InUR*InEN in model (3) is positive, whereas
the coefficient of the urbanization rate is negative, indicating
that environmental pollution weakens the negative effect of
urbanization in reducing population mortality. Some pollutants
cause specific diseases and long-term damage (Salim et al.
2014), increasing population mortality at the macro level (Li
et al. 2016).

Results of endogeneity and robustness tests
Discussion on endogeneity
Although few studies have investigated the effect of resi-

dents’ health risks on urbanization, residents’ health risks
may affect urbanization. On the one hand, health is an

Table 7 Results of robustness

: Variables InVI InDE
test: excluding Beijing and
Shanghai o)) ) 3) 4) )

InUR 0.0671" —2.1651"" 20.6813 —-0.1012™ —0.8966"
(1.68) (—4.82) (3.95) (-2.57) (- 1.99)

InUR? 0.3111°" —5.8442™ 0.1109"

(4.99) (—4.15) 1.77)
InUR? 0.5510""
(4.38)

InGDP —0.0128 0.0012 0.0283 0.0287 0.0337
(—0.38) (0.03) (0.85) (0.86) (1.00)

InME 0.2954"" 0.3029™"" 0.3364™ 0.0601°" 0.0628"™
(11.58) (12.19) (13.19) (2.40) (2.51)

InED —0.0800""" —-0.0553" —0.0564™ —0.1500""" —0.1412""
(-2.91) (-2.03) (-2.12) (-5.52) (-5.12)

InEN —0.0548™" —0.0416™" —0.0385™ —0.0190" —-0.0143
(=5.21) (—3.96) (—3.74) (—1.84) (-1.35)

InOR —0.0142 —0.0056 0.0014 0.2067* 0.2097°*
(—0.45) (=0.18) (0.05) (6.81) (6.92)

Constant 0.3530 3.9025™" —24.6670"" 2.4909"" 3.7557°
(1.00) (4.93) (=3.75) (7.08) (4.69)

Observations 464 464 464 464 464

R? 0.960 0.962 0.964 0.303 0.308

Province FE Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes

Hausman P=0.0000 P =0.0000 P=0.0000 P=0.0000 P =0.0000

TS

, and ™ indicate significance levels of 10%, 5%, and 1%, respectively.
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important human capital (Albertini et al. 2021) driving eco-
nomic development (Tsai et al. 2010). On the other hand,
a population increase typically results in environmental
degradation (Ahmed et al. 2020; Danish et al. 2019), and
environmental pollution negatively influences urbanization
(Wu et al. 2020). Thus, there may be a two-way causal rela-
tionship between urbanization and residents’ health risks.
Accurate estimations of fixed effects rely on the exog-
eneity assumption of the explanatory variables. A two-
way causal relationship between residents’ health risks
and urbanization may lead to endogeneity. In addition, the
omission of variables also leads to endogeneity because it is
difficult to include all variables that may affect health risks.
We chose the water consumption of each province as an
instrumental variable (IV) for urbanization to reduce endo-
geneity. The water resources are a critical factor influencing
economic growth and population rise (Wu and Tan 2012),
the water consumption of each province satisfy the exogene-
ity and relevance of the instrumental variable. We used the
per capita water consumption (unit: liter) to describe water

consumption. Table 5 reports the results of the endogeneity
test in the two stages. The coefficient of the IV in the first
stage shows a significant correlation between urbanization
and per capita water consumption. Moreover, the F-statistic
in the first stage is 79.10 and there is no weak instrumental
variable problem. The results for the second stage show that
the sign and significance of the core explanatory variables
are consistent with the results of the benchmark fixed-effects
analysis. The results that urbanization reduces population
mortality and increases the average number of residents’
visit still hold.

Robustness test

Substitution variable method Urbanization is a compre-
hensive process of population urbanization and economic
urbanization. The ratio of the output value of secondary and
tertiary industries to the GDP (ID, unit: %) and the number
of urban employees (EM, unit: 10? person) represent the

Table 8 Results of robustness

. Variables InVI InDE
test: supplementary variable
method e)) ) 3) “) 5)

InUR 0.1136™" —2.3457" 21.1234™ —0.0808™ —1.2408™"
(2.78) (—5.48) (3.98) (—2.09) (—2.98)

InUR? 0.3396""" —5.9677"" 0.1602"*"

(5.77) (—4.19) (2.80)
InUR? 0.5629™
(4.43)

InGDP —0.0838™ —0.0682" —0.0320 0.0332 0.0406
(-2.31) (—1.95) (-0.91) 0.97) (1.19)

InME 0.3213" 0.3296""" 0.3628™ 0.0393 0.0432"
(12.11) (12.85) (13.84) (1.57) (1.73)

InED —0.0696™ —-0.0571"" —-0.0621"" —0.1251™" —0.1192""
(~=2.42) (=2.05) (-2.28) (—4.59) (—4.40)

InEN —0.0326™" —0.0308"" —0.0296™ —0.0001 0.0007
(=327 (=3.20) (-3.15) (-0.01) (0.08)

InOR —0.0411 —-0.0398 —0.0267 0.2198" 0.2203"
(—1.45) (—1.46) (—0.99) (8.18) (8.27)

InPOP —-0.0076 —-0.0071 —0.0082 0.0047 0.0049
(-0.99) (—0.96) (-1.13) (0.65) (0.69)

InGOV —0.0454 —-0.0282 —-0.0164 —0.0818 —-0.0738"
(=137 (—0.88) (-0.52) (—2.62) (=2.37)

Constant 0.4764 4.6943" —24.7008"" 1.6557 3.6452""
(1.40) (5.86) (=3.70) (5.14) (4.67)

Observations 496 496 496 496 496

R? 0.9538 0.9570 0.9589 0.3127 0.3247

Province FE Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes

Hausman P=0.0000 P=0.0000 P=0.0000 P=0.0000 P=0.0000

TS

, and ™ indicate significance levels of 10%, 5%, and 1%, respectively.
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level of economic urbanization. The ratio of the output value
of the secondary and tertiary industries to the GDP reflects
industrial development, representing economic urbanization.
Urbanization typically results in more employment oppor-
tunities as more job seekers flock to cities and towns for
employment. The number of urban employees represents
the urbanization level.

Table 6 reports the robustness test results after replacing
the urbanization rate. The coefficients of the core variables
of models (3) and (5) are significant, confirming the robust-
ness of the results. Urbanization still has an N-shaped rela-
tionship with the average number of residents’ visits and a
U-shaped relationship with population mortality. The results
obtained by replacing the urbanization rate remain signifi-
cant. The ratio of the output value of secondary and tertiary
industries to the GDP and the number of urban employees
both reflect the economic effect of urbanization. Economic
development is beneficial to residents’ health when the nega-
tive impact on the environment is low. However, pursuing
high economic development causes environmental problems,
increasing residents’ health risks.

Excluding Beijing and Shanghai China’s health-care system
and medical resources are unbalanced, and medical services
in rural areas lag behind those in metropolises such as Bei-
jing and Shanghai (Liu et al. 2016). These cities have the
largest number of first-class tertiary hospitals, practicing
physicians and care beds. Their competitive medical tech-
nology and patient care have attracted a large number of
patients from all over the country (Dong et al. 2021).

The average number of residents’ visits and population
mortality in Beijing and Shanghai may not accurately repre-
sent the health level of local residents. We excluded the data
from Shanghai and Beijing and repeated the above steps to
test the robustness of the results. Table 7 indicates that the
sign and significance of the core variables have not changed
significantly, demonstrating the reliability and robustness of
the empirical estimation results.

Supplementary variable method The factors affecting resi-
dents’ health risks are diverse, and some factors not con-
sidered in this study may affect residents’ health risks. Not
including important variables may result in endogeneity
and affect the accuracy of the estimation results. Thus, we
refer to Jiang et al. (2021) and add the following two control
variables to the regression models. (1) Urban population
density (InPOP, unit: person/km?) is defined as the ratio
of the urban population and transient urban population to
the urban area. High population density increases the trans-
mission of infectious diseases and may lead to increased
competition for jobs, increasing the psychological stress

of residents. In addition, population gatherings affect the
air and environment, which can be harmful to physical and
mental health (Hanlon et al. 2012). (2) Government spend-
ing share (InGOV, unit: billion) is defined as the amount
spent by the government as a share of the GDP. China imple-
mented a reform of the medical health care system in 1994
to improve the effectiveness of the government’s investment
in health and welfare measures, improve people’s health,
and accelerate economic development (Jiang et al. 2021).
The higher the proportion of the national health expenditure,
the more effective the state governance is in improving resi-
dents’ health (Ademe et al.2019). Table 8 indicates that the
signs of the core variables are the same as before after add-
ing the two control variables, demonstrating the reliability
and robustness of the empirical estimation results.

Results of heterogeneity test
Health impact of urbanization in different regions

China covers a large area, and the development level, urbani-
zation level, and medical infrastructure differ in different
regions is obviously unbalanced. It is also unreasonable to
require different regions to adopt the same policies for devel-
opment and environmental protection. China was divided
into three regions (the eastern, central, and western regionsl)
to analyze the differences in the effects of urbanization on
residents’ health risks in different regions.

The STIRPAT model (4) was used to evaluate the effect
of urbanization on residents’ health risks measured by the
average number of residents’ visits in the eastern, central,
and western regions. The STIRPAT model (3) was used to
assess the effect on population mortality in the central and
western regions, and the STIRPAT model (3) and model (4)
were used in the eastern region. Table 9 reports the regional
differences in the impact of urbanization on residents’
health risks. The results obtained from models (1)—(3) are
as follows: (1) The coefficients of the core variables in the
eastern, central, and western regions are significant, show-
ing that the effects of urbanization on the average number
of residents’ visit in different regions are nonlinear. Chow’s
test results are significant, indicating that the impact is

! Relying on the division of the eastern, central and western regions
by the National Bureau of Statistics, and taking into account the
availability of data, Hong Kong, Macao, and Taiwan Province are
not taken into consideration, of which the eastern region includes
11 provinces and cities, including Beijing, Tianjin, Hebei, Liaoning,
Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and
Hainan; the central region includes 8 provinces and cities, includ-
ing Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, and
Hunan. The western region includes 12 provinces and cities, includ-
ing Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yun-
nan, Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang, and Tibet.
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stronger in the eastern region than in the central and western
regions. The possible reasons are the following. The eastern
region has a better economic foundation and marketization
degree, more medical resources, and better public health
services than the central and western regions. Residents
have higher human capital and place more emphasis on
their physical and mental health. Moreover, the living and
working pressure are relatively high in cities in the east-
ern region; thus, the impact of urbanization on residents’
health risks is stronger in the eastern region. In contrast,
urban medical resources are relatively scarce in the central
and western regions, and the public infrastructure requires
improvement. The educational and medical resources lag
behind the number of people moving to the cities, resulting
in a smaller effect of the UR on the VI in these two regions
than in the east.

The results obtained from models (4)—(7) are as follows:
the impact of urbanization on population mortality differs
in different areas due to uneven economic development. The
eastern region has a more developed economy and a better
urbanization foundation than the other two regions. The pub-
lic health expenditure is higher, and there are more medical

Table 9 Health impact of urbanization in different regions

resources than in the central and western regions (Zhao et al.
2018). The quadratic and cubic terms of the urbanization
rate in the eastern region are significant, and an inverted
N-shaped relationship occurs between urbanization and
population mortality. The inflection points indicate popula-
tion mortality decreased as the urbanization rate increased.
The industrial structure in the eastern region has improved
over time, and the proportion of the tertiary industry in the
three industries has increased. The effect of the negative
environmental externality resulting from economic growth
has decreased due to environmental protection. Urbaniza-
tion had a positive impact on residents’ health by increasing
residents’ income and medical technology and service level
and improving public facilities (Lu et al. 2017), reducing
population mortality.

Urbanization has no significant impact on population
mortality in the central and western regions. The possible
reasons are fewer urban medical resources in central and
western China, the lack of public infrastructure, and the
fact that educational and medical resources lag behind the
number of people moving to cities. Therefore, urbanization
has an insignificant impact on population mortality. The

Variables InVI InDE
(D 2 3) 4) ) (6) @)
Eastern Central Western Eastern Eastern Central Western
InUR 102.2696™ 76.4811°" 34.6141"" —2.9353" —73.2417°" 1.6403 —0.7348
(3.10) (2.52) (3.86) (-1.95) (-2.73) 1.17) (- 1.42)
InUR? —26.74117" —20.3931"" —-9.8523"" 0.3713" 18.0225"" —-0.2821 0.0985
(-3.24) (-2.53) (—4.05) (1.93) (2.68) (—1.45) (1.36)
InUR? 2.3328" 1.8093™ 0.9319" — 14757
(3.38) (2.55) (4.24) (=2.62)
InGDP 0.1018™" —0.0228 0.0103 0.0195 0.0421 0.1060"" —0.0420""
(2.72) (=0.74) (0.55) (0.65) (1.38) (3.34) (=2.78)
InME 0.3930"" 0.5601"" 0.5587"" 0.0002 —0.0329 0.0009 —0.0007
(8.57) (15.98) (20.28) (0.01) (-0.88) (0.03) (-0.04)
InED 0.0065 0.0054 —-0.0171 —-0.0341 —-0.0299 -0.0307 0.0234
0.21) 0.18) (=0.81) (=1.37) (=1.22) (- 1.05) (1.48)
InEN —-0.0155 —0.0512"" —-0.0194 0.0356"" 0.0268™ —0.0166 —0.0280"""
(-1.16) (=2.99) (= 1.57) (3.35) (2.43) (=0.94) (=2.92)
InOR 0.0669 0.1635™ 0.0554 0.2452°"" 0.2326" 0.2891°" 0.1445""
(1.41) (2.40) (1.11) (6.28) 6.01) (4.64) (3.63)
Constant —132.4125™ —96.9736™ —41.8443" 6.8451™ 100.0532" —1.7811 3.1433"
(=3.03) (=2.55) (-3.82) (2.28) (2.80) (=0.66) (3.26)
Observations 176 128 192 176 176 128 192
R? 0.926 0.959 0.955 0.247 0.279 0.439 0.209
Province FE Yes Yes Yes Yes Yes Yes
Hausman P=0.0000 P=0.0000 P=0.0000 P=0.0004 P=0.0270 P=0.0000 P=0.5836

™ and ™ indicate significance levels of 10%, 5%, and 1%, respectively.
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urbanization rate has to reach a certain level to affect the
living environment of residents, the infrastructure, and resi-
dents’ health risks.

Health impact of urbanization for different infrastructure
levels

Infrastructure development often lags behind urbanization;
therefore, the effect of urbanization on residents’ health
risks is affected by the infrastructure level (Ventriglio et al.
2020). If infrastructure development lags behind urbaniza-
tion rate, the impact of urbanization on residents’ health may
not be pronounced. The sample was divided equally into
three groups according to the proportion of medical person-
nel in the total population, STIRPAT model (4) was used to
assess the effect of urbanization on the average number of
residents’ visits, and STIRPAT model (3) was used to assess
the effect on population mortality.

Table 10 shows the following. The impact of urbaniza-
tion on the average number of residents’ visits is only signifi-
cant when the infrastructure level is medium to high. There
is an N-shaped relationship between the two. The impact of
urbanization on population mortality is only significant when

the infrastructure level is high, with a U-shaped relationship
between the two. Therefore, urbanization only has a significant
impact on residents’ health when the infrastructure develop-
ment keeps up with urbanization. As the urbanization rate
increases and there are insufficient medical facilities and medi-
cal technology, people cannot be treated adequately even if
they have high-income levels and are focused on their health.

Conclusions and recommendations

We used panel data from 31 provinces (autonomous
regions and municipalities directly under the central gov-
ernment) in China from 2004-2019 to investigate the effect
of urbanization on residents’ health risks (assessed by the
average number of residents’ visits to medical facilities
and population mortality) utilizing theoretical analysis
and empirical tests. This study confirmed that urbaniza-
tion increased the average number of residents’ visits, and
the positive effect was reinforced by an increase in income
level and environmental pollution. Urbanization reduced
population mortality, but environmental pollution weak-
ened this negative effect. An N-shaped relationship existed

Table 10 Health impact of

R . Variables InVI InDE
urbanization for different
infrastructure levels (1) 2) 3) “) ) ©6)
Low Medium High Low Medium High
InUR —18.9061  54.3760""" 72.3364" —0.5459 —0.8546 —2.4687""
(—1.48) (5.73) (6.53) (—0.56) (-0.83) (-3.25)
InUR? 4.5268 —14.9825""  —20.1002""  0.0964 0.0995 0.3493"""
(1.34) (-5.91) (—6.65) (0.70) (0.70) (3.40)
InUR? —0.3498 1.3729"" 1.8505™"
(-1.17) (6.10) (6.77)
InGDP 0.0254 0.1788™ 0.0343 —0.0133 —0.0340 —-0.0762"""
(0.99) (6.35) (1.16) (—0.56) (- 1.20) (-=2.77)
InME 0.4551°"" 0.2767" 0.5371°"" —0.0382 0.1150™ 0.0375
(13.38) (4.59) (14.67) (-1.21) (2.02) 1.12)
InED —0.0577"  0.0497™ —-0.0159 —0.0050 —0.0155 —0.0095
(-2.37) (2.56) (-0.56) (-0.22) (=0.77) (-0.37)
InEN 0.0105 —-0.0175 —-0.0152 0.0038 0.0078 —0.0020
(0.78) (—1.54) (- 1.10) (0.30) (0.70) (=0.17)
InOR 0.0928" 0.0018 0.0672 0.1135™ 0.1087" 0.1777°*"
(1.71) 0.04) (1.39) (2.23) (2.14) (4.09)
Constant 24.9788 —68.0380""  —88.3311™"  2.4684 3.3082 6.2436""
(1.55) (-5.73) (-6.52) (1.37) (1.64) (4.34)
Observations 166 165 165 166 165 165
R? 0.935 0.907 0.923 0.087 0.117 0.309
Province FE Yes Yes Yes Yes Yes Yes
Hausman P=0.0000 P=0.0042 P =0.0000 P=0.0009 P=0.0299 P=0.0007

TS

, and ™ indicate significance levels of 10%, 5%, and 1%, respectively.

@ Springer



35570

Environmental Science and Pollution Research (2023) 30:35554-35571

between urbanization and the number of residents’ visits,
and a U-shaped relationship occurred between urbaniza-
tion and population mortality. A nonlinear effect of urbani-
zation on health risks was observed only in areas with
higher economic development and infrastructure levels.

These findings contribute to the literature by providing
new insights into the effects of urbanization on residents’
health risks. This study reveals the nonlinear effects of
urbanization on residents’ health risks and the regional
differences from a macroscopic perspective and the mod-
erating effects of income and environmental factors in this
relationship. According to our results, we provide the fol-
lowing policy recommendations:

First, the government should implement measures to
encourage “people-oriented” urbanization to ensure the
positive effect of urbanization on residents’ health. Poli-
cies should focus on balancing employment in urban and
rural areas and agricultural modernization. The lag of
infrastructure development reduces the positive spillover
effect of urbanization. Thus, it is necessary to improve
medical health services and education infrastructure, and
reduce residents’ health risks.

Second, the government should promote green urban-
ization and focus on the quality of urban development.
The goal should be a resource-saving and environmentally
friendly society. The concept of green ecology should be
incorporated into urban development and construction.
The discharge of harmful substances should be reduced
by increasing penalties. The fiscal and taxation systems
should be improved to encourage pollution control, focus-
ing on green urbanization with the participation of the
government, enterprises, and residents to reduce the
negative effects of urbanization on the environment and
improve the living environment of residents.

Third, decision-makers should pay attention to regional
differences in urbanization, strengthen investments in medi-
cal care, health services, and education in economically
underdeveloped areas, and promote balanced regional devel-
opment. Economically underdeveloped areas often have
many industrial enterprises that serve developed areas, and
the proportion of the secondary industry is high. The nega-
tive effects of urban development on the environment are
stronger, and residents’ health risks are higher in underdevel-
oped regions. These areas should attach greater importance
to industrial optimization and upgrading to reduce negative
environmental externalities and improve their infrastructure
to increase the efficiency of urbanization and improve the
health level of residents.

Fourth, national fitness programs should be implemented.
Health is critical for social and economic development. It
is necessary to develop appropriate designs for cities and
towns, increase financial investment in national fitness pro-
grams, construct sports facilities, and increase the utilization

@ Springer

rate of community fitness equipment to improve residents’
physical and mental health.

This study has the following shortcomings. First, we
used the proportion of permanent residents as a proxy for
the urbanization rate. In addition to the population level,
the economic development level and land use should also
be considered. The selection of this variable needs to be
further improved in future study. Second, the estimated
results did no distinguish the effect of urbanization on dif-
ferent sub-populations, which will be addressed in further
studies.
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