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Urbanization is an essential indicator of contemporary society and a necessary
historic stage in the industrialization of all countries. Thus, we explore the
impact of urbanization on public health using the OLS estimation and a
two-way fixed effect model based on annual panel data from 175 countries
from 2000 to 2018. This paper also addresses potential endogeneity issues and
identifies causal relationships using the coefficient stability tests, system GMM,
and instrumental variable method. The results demonstrate that urbanization
positively affects public health. Furthermore, we find that the impact of
urbanization on public health can be mediated through living standards, and
nations with higher living standards reduce the effect of urbanization on public
health. An increase in the urbanization rate can promote public health by
improving residents’ living standards. Our results have significant real-world
implications for the research of urbanization and the formulation of public
health policy.
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1. Introduction

Urbanization is the process of transforming rural population into an urban
population (1), and is usually taken as a measure of social and economic development.
The United Nations predicts that by 2050, the urban population will grow to 6.252
billion, with an urbanization rate of 67.2%. Rapid urbanization has given rise to
“urban disease”, causing many social and environmental problems, such as, the
disorderly development of urban space, excessive population aggregation, overemphasis
on economic development, ignoring environmental protection, severe traffic congestion,
shortage of energy resources, deterioration of the ecological environment, and thus on
(2). How does urbanization affect public health? This is a question of great theoretical
and practical significance. However, few studies focused on this issue in recent years, and
the empirical evidence is relatively lacking.
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Public health is one of the critical concerns of countries
in the development process. The existing studies’ ideas and
methods of analyzing the relationship between urbanization and
public health provide a solid reference for this paper. From the
perspective of crude mortality and life expectancy at birth, this
paper uses annual panel data of 175 countries from 2000 to
2018 to comprehensively evaluate the impact of urbanization on
public health using multiple causal reasoning methods. We also
adopt several kinds of robustness tests to increase the accurate of
our findings.

The potential innovations of this paper are as follows:
First, in the field of research data, we further expand the
capacity of public health indicators and the number of countries
and employs more extensive data to evaluate the relationship
between urbanization and public health, making the evaluation
effect more accurate. Most of the data in the existing literature
cannot consider both time and region at the same time,
and generally, there is a long-time span but only focus on
a specific area, which is not comprehensive. For example,
although Kegler et al. (3) obtained the relationship between
urbanization and public health, its research scope only focused
on the United States and was not universal. Although Li et al.
(4) examined the relationship between the above two, they
only used data from China. Such conclusions may not hold
true on a global scale. Therefore, this paper uses panel data
covering major countries in the world with a longer time
span to conduct empirical research, which can more accurately
assess the causal relationship between the two and obtain more
general conclusions. It extends previous studies and enriches the
literature in related fields.

Second, the relevant literature on the impact of urbanization
on residents’ health is not common, and most of it is a
simple comparison of the health gap between urban and rural
residents or a review (2), which lacks rigorous research based
on empirical studies. In the existing empirical studies, some
researchers adopted questionnaires for their analysis (5, 6). The
lack of flexibility in the questionnaire will limit the responses
of the respondents, and some more detailed and in-depth
information may be omitted. Few studies based on econometric
models mainly only conduct some simple regression and do
not give clear answers in causal identification and robustness
test of results (7, 8). This paper not only empirically tests the
impact of urbanization on public health but also employs the
bounding value analysis method of Oster (9), system GMM
estimation, and the instrumental variable method of Lewbel
(10) to determine the causal relationship between the two, and
ensures the reliability of the results through a series of robustness
tests. This study makes up for the lack of empirical evidence.

Third, living standards are closely related to urbanization
and public health, and many studies have shown the pairwise
links between the three (11, 12). In terms of channel analysis,
this paper pioneeringly selects living standards as the mediating
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channel of urbanization rate affecting public health revealed the
logic behind the mechanism of urbanization impact on public
health for the first time. It can open the “black box” of the
channel between urbanization impact and public health, and
further strengthen the overall knowledge of the relationship
between the two, enrich the relevant theories, and provide a
more accurate reference for the government when formulating
development policies.

The remaining parts of this paper are arranged as follows: the
second part is the literature review; the third part is the research
design and data situation; the fourth part is the empirical
analysis, including the preliminary analysis and benchmark
regression analysis; the fifth part is causal identification issues
and strategies. The sixth part is a further discussion of the
potential channel analysis; the seventh part summarizes the
conclusion and proposes the policy suggestion. In Appendix, we
carry out the robustness test.

2. Literature review

The impact of urbanization has long been a contentious
issue. Researchers have noticed that increasing urbanization will
have an impact on various aspects. For example, urbanization
is closely related to economic development. Some scholars
believe that the increase in urbanization rate can change the
industrial structure, improve industrial production efficiency
(13), enhance regional innovation ability, and drive the
development of surrounding areas (14). Positive urbanization
will promote the healthy development of the economy (15).
However, the improvement of urbanization will accelerate
the development of limited resources, contributing to many
environmental pollution problems. Urbanization will worsen
water quality (16) and increase carbon dioxide emissions (17).
Urbanization changes the natural factors within the geographic
system, and urban expansion and urban agglomeration may
change the global distribution of PMj 5 concentration (18, 19),
leading to a rise in PMj 5 concentration (20). In addition, the
increase in urbanization rate also significantly impacts other
aspects of development. The research of Satterthwaite et al.
(21) proved that urban expansion would lead to the lack of
agricultural land and the urban bias of infrastructure, services,
and subsidized public funds.

For a long time, public health has been widely concerned
by scholars. From the previous research content, the relevant
research mainly focuses on two aspects. The first part mainly
focuses on the influencing factors of public health, such as health
expenditure (22), environmental policy (23), lifestyle, and social
status (24). In addition, relevant studies have also shown that
medical resource allocation (25), family-level harmony (26),
and education (27) are all key influencing factors of public
health. In the second aspect, scholars focus on selecting and
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constructing public health measurement indicators. Most of the
public health indicators in existing studies are related to physical
health. Examples include empirical stress and obesity rates (28),
respiratory diseases (29), mortality (30), and life expectancy
(31). Thurber et al. (32) adopted age-standardized health
indicators, considering the correlation between physiological
health indicators and age.

The impact of urbanization on public health has always
been a controversial topic, and different scholars have different
opinions on it. Some researchers argue that urbanization is
harmful to public health through many channels. First, rapid
urbanization will lead to a series of environmental pollution
problems (33), including water pollution (16), dust pollution
(34), and carbon dioxide emission (35) in urban residents’
daily life. Environmental pollution is widely believed to harm
citizens’ health (36-39). Second, urbanization may lead to more
chronic diseases and mental illnesses. Son et al. (40) adopted
the Community Health Survey data in South Korea from 2008
to 2010 and found that urbanization would cause more asthma
among residents. According to the research of Lambert et al.
(41), urbanization will cause anxiety and emotional disorders,
which is not conducive to the mental health of residents and will
increase the incidence of infectious diseases (42, 43), affecting
public health levels. Third, urbanization has changed people’s
living and working habits, resulting in adverse health effects. For
example, Patil (44) found that urbanization changed diet and
exercise habits, leading to the risk of obesity and overweight.
Gong et al. (1) revealed that urbanization had led to changes
in human activity patterns, diet, and social structure in China,
resulting in frequent hypertension and other diseases. Fourth,
in the process of urbanization, the supply of infrastructure
and medical facilities commonly lags behind the speed of
population agglomeration, which leads to various problems such
as population crowding and difficult medical treatment (1, 45),
which harms public health.

In contrast, another view holds that urbanization positively
affects residents’ health. The role of urbanization in promoting
public health is mainly reflected in medical services. The level
of medical and health services is compatible with urbanization
development (46). There are significant differences in health
resources between urban and rural areas (47). Health insurance
coverage is higher in urban areas than in rural areas (48), and
urban residents benefit from improved sanitation facilities (49).
Urbanization also indirectly affects public health by affecting
education and income. Lounkaew (50) used data from the PISA
2009 literacy test in Thailand and concluded that the education
level of urban students was higher than that of rural students. As
mentioned above, education is an important factor influencing
public health (27). Chauvin et al. (51) compared urbanization
in the United States, Brazil, China, and India and found that
urbanization would lead to an urban-rural income gap, and
India had the largest urban-rural income gap. Residents’ income
significantly affects their health level (52), while urbanization
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indirectly affects public health by increasing the income level of
urban residents. Based on literature review and reality analysis,
we propose a research framework (see Figure 1).

3. Research design

3.1. Econometrics model

In 1972, Grossman first analyzed residents’ micro-health
demand by establishing health production functions. This
function considers many factors, including income pattern,
living standards, education, environment, etc. (53). The model
has been enriched and perfected in subsequent studies (54-56).

With the continuous increase of urban population and
urbanization rate, the demand for public health services also
increases. Urbanization has led to improvements in living
standards, education and regional investment in public health
(49, 50). On the contrary, regional environmental conditions,
residents’ working pressure and other factors may be negatively
affected by urbanization (17, 44). Therefore, it is reasonable to
take urbanization as an explanatory variable affecting residents’
public health.

Based on the relevant literature and practical experience
(57-60), real GDP per capita, primary school enrollment rate,
women’s fertility rate and domestic private health expenditure is
closely related to public health and health conditions. Therefore,
we take these factors as control variables to control the impact
of these factors on public health status. According to the
Grossman model, a simplified health production function can
be expressed as:

H = G(X) = G(X1, X2, X3, Xpn) (1)
where H represents the resident health variable and X; (i=1, 2,
3, ... n) represents the factors affecting public health.

If the vector X; affecting individuals is converted into a
set of variables representing urbanization, economy, health
expenditure, education, life standard, trade, foreign direct
investment, the health production function can be expressed as
C-D (Cobb- Douglas) production function:

H = G(Urb, Eco, Hex, Edu, Lst, Tra, FDI, O)
= QUrb;% Eco;P Hex;¥i Edu Lst;" Tra,* FDI;” 0" (2)

where (Urb, Eco, Hex, Edu, Lst, Tra, FDI, O) represents
urbanization, economy, health expenditure, education, life
standard, trade, foreign direct investment and other factors
affecting health, respectively, o, B, ¥, A, 1, 6, o, pu is the
corresponding elastic coefficient, and §2 is the estimated value
of the initial public health. This paper selects relevant economic
variables, health variables, education variables and life variables
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FIGURE 1
Research framework of the impact of urbanization on public health.

for empirical analysis. In addition, in the robustness test, this
paper adds trade variables and FDI variables. By taking the
logarithm Equation (2), Equation (3) is obtained:

logH = log2 + «;logUrb; + BilogEco; + yilogHex; (3)

+ AilogEdu; + nilogLst; + OilogTra; + oilogFDI; + 1ilogO;

Based on Equation (3), the econometric model of this paper
is set as follows:

4

Healthj; = ag + a1 Urbanizationjs + ay Controlyy + ujy

where Health;; refers to the public health condition of country i
in year t, and Urbanization;; is the urbanization level of country
iin year t. Controlj; is a matrix of control variables to control for
other factors that may impact public health. u;; is the stochastic
disturbance term.

3.2. Variable selection and data source

Crude death rate and life expectancy at birth are two
indicators used to measure public health in a specific region
and are widely used by scholars (61, 62). Therefore, we select
crude death rate(logdeath) and life expectancy at birth(loglife)
as dependent variables in this paper. For comparative study, we
also subdivide life expectancy at birth into male life expectancy
at birth(loglifern) and female life expectancy at birth(loglifef).
These two variables are also added to the explained variables.
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To measure the level of urbanization which is an explanatory
variable, we refer to relevant literature (63, 64) to measure the
urbanization level of a region by the urbanization rate. This
paper measures the urbanization rate by the urban population
ratio to each country’s total population.

Our study uses annual panel data for 175 countries from
2000 to 2018 (list of countries in Appendix section), with
data from the World Development Indicators (WDI) database
in World Bank. The time period was chosen because the
World Bank database lacked data before 2000, and urbanization
in many developing countries had just started since 2002.
According to the data of the World Bank, the growth rate of the
global urbanization rate has been < 2% since 2018, significantly
slowing down. Therefore, the sample time selected in this paper
is from 2000 to 2018. We take the logarithm of all the variables
selected to eliminate heteroscedasticity and reduce the amount
of data for calculation. In addition, taking logarithms can
also avoid interpretation difficulties due to inconsistent units.
After taking the logarithm of the independent and dependent
variables simultaneously, the estimated variable parameter can
be interpreted as the elasticity.

3.3. Descriptive statistics

The descriptive statistics of the main variables are shown
in Table 1. As can be seen from Table 1, the urbanization
rate(urban) ranges from 8.246 to 100%, with a standard
deviation of 22.97, indicating a considerable gap in the level of
urbanization in various countries in the world. The mortality
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TABLE 1 Descriptive statistics.

(1) (2) (3) (4) ()]
Variables N Mean SD
urban 2,657 55.56 22.97 8.246 100
gdp 2,657 18,921 19,935 630.7 115,256
school 2,657 1032 13.66 32.36 150.8
fert 2,657 2.900 1.517 0.977 7.679
hexp 2,657 41.11 18.66 1.196 86.44
death 2,657 8.461 3342 1.127 2043
life 2,656 70.02 9.123 42,52 85.42
lifef 2,656 72.54 9.550 44.60 86.80
lifem 2,656 67.59 8.859 40.42 84.10
mort 2,657 37.83 40.91 2 224.8
mortf 2,657 35.05 38.69 1.900 220.4
mortm 2,657 40.47 43.04 2.200 228.9
clean 2,377 62.94 38.07 0.290 100
trade 2,541 87.24 46.88 0.167 408.4
fdi 2,641 0.0585 0.184 —0.583 4491
elec 2,657 78.74 30.66 1.243 100
region 2,657 2.809 1.559 0 5

rate(death) is 8.461 deaths per 1,000 people and, even more
alarmingly, 37.83 deaths per 1,000 live births. The average life
expectancy(life) is 70.02 years, with a standard deviation of
9.123, and there are significant differences in life expectancy
between sexes. More specifically, the average life expectancy for
women(lifef) is 72.54 years and for men(lifem) is 67.59 years.

4. Empirical results and discussion

4.1. Preliminary analysis

Before the formal regression begins, we plot scatter plots
between the urbanization rate and the crude death rate and
between the urbanization rate and life expectancy to visualize
the relationship between the variables. As shown in Figure 2A,
there is a negative correlation between the urbanization rate and
the crude death rate. The result of linear fitting presents a linear
relationship between them. As presented in Figure 2B, there is a
high correlation between urbanization rate and life expectancy,
and the relationship between them is linear.

Before regression analysis, we conduct a panel unit root test
to avoid “spurious regression.” We performed unit root tests
using the methods of PP-Fisher (65) and ADF-Fisher (66), which
are unit root test methods specifically used for imbalanced panel
data. Table 2 reports the results of the unit root test. As can be
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seen from the table, the null hypothesis of unit root is rejected
for all variables, that is, they are stationary series.

4.2. Benchmark results

First, we estimate a linear regression model using the OLS
estimation. Table 3 reports the OLS regression results of the
impact of urbanization rate on public health. The empirical
results in column (1) indicate that the urbanization rate has a
strong negative effect on the crude death rate. More specifically,
1% increase in the urbanization rate reduces the crude death
rate by 0.06%. The results in columns (2) to (4) show that
the urbanization rate positively affects life expectancy at birth.
Its coefficient is 0.014, which is statistically significant at the
1% level. While OLS estimation provide a simple answer,
urbanization and public health indicators change over time and
vary greatly across countries. The bias in coeflicient estimation
could be considerable, leading to misleading inference. As is
shown in Table 4, we conduct four Hausman tests for four
different dependent variables. The p-values in the statistical
results are ~0, so the null hypothesis is rejected. Thus, we
choose the fixed effects model. Considering the influence of
the time factor, we use the two-way fixed effect model to carry
out the analysis. Table 4 reports the results of the regression
analysis of the two-way fixed effect model. The empirical results
reveal that the coefficient of urbanization rate in column (1)
is —0.653 at the 1% significance level. The results in columns
(2) to (4) prove that a 1% increase in the urbanization rate
leads to a significant 0.179% increase in life expectancy at
birth. Regarding gender, urbanization increases women’s life
expectancy by 0.008% points more than men’s.

5. Causal identification issues and
strategies

5.1. Excluding omitted variable bias

Before this part, we used a two-way fixed effect model for
estimation. Although the two-way fixed effect model controls
for country and year fixed effects and mitigates the omitted
variable bias to some extent, the reality is highly complex, and
many factors affect the independent and dependent variables.
Therefore, the control of the two-way fixed effect model is
limited. In particular, when factors that influence urbanization
rates and public health and change over time are not fully taken
into account, the resulting estimators are biased even using two-
way fixed effect models. To solve the problem of inconsistent
coefficient estimation, we refer to relevant literature and adopt
the bounding value analysis of Oster (9).

Previous studies often carried out a coefficient sensitivity
analysis by adding control variables. In the past, scholars

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1096964
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Zhang et al.

10.3389/fpubh.2022.1096964

A
o
.....
..,
..
=
™
=
<
D
=]
<)
=]
=
S
g -
s |
H
:
o .
i
o -
T T T T T T
2 25 3 3.5 4 4.5
Log(urbanization rate)
B
= 4
~r
Sy
5
©
D
o
<
)
2
o<
S
s |
<
o
T T T T T T
2 25 3.5 4 4.5
Log(urbanizaition rate)
FIGURE 2
Health indicators and urbanization rate. (A) Crude death rate vs. urbanization rate. (B) Life expectancy vs. urbanization rate.

believed that if the treatment effect coefficient was still stable
when new observable variables were added to the model, the
deviation caused by omitted variables would be considered
small. However, these studies have ignored the information
reflected by R2. Therefore, Oster (9) based on the hypothesis
that the relationship between treatment effect and unobservable
variables can be deduced from the relationship between
treatment effect and observable variables and improved the
robustness test method of omitted variable bias. A\f\/hen tllere
are unobservable variables, the estimator 8* = B — [§(B —
E)(Rmax — ﬁ)/(INZ — 1.1)] can be used to test whether the
benchmark regression results are affected by omitted variables.
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B, 1.2 and B, R correspond to the estimated coefficients of
the core explanatory variables and the goodness-of-fit of the
regression equations when the constrained control variables
and the observable control variables are introduced into
the estimation, respectively. Rmax represents the maximum
goodness of fit when the unobservable variable can be
observed. § represents the relative strength of the correlation
between observable variables and unobservable variables and the
variables of concern.

We conduct a bounding value analysis of four health
indicators used in this study. We set Rmax to 1.3 R and §
to 1. The results of the bound estimation are presented in
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TABLE 2 Panel unit root test results.

10.3389/fpubh.2022.1096964

TABLE 4 Two-way fixed effect estimation results.

Variables (1) (2) (3) (4)
PP-Fisher ADF-Fisher Variables logdeath loglife loglifef loglifem

logdeath 74.2121%% 47.0279* logurban —0.653"** 0.179*** 0.183*** 0.175%*
logurban 140.6329"* 94,6988 (=3.79) (4.06) (4.22) (3.87)
loggdp 6.8772%* 17.5851"** loggdp —0.032 0.033*** 0.035%** 0.031**
logschool 4.1649*** 22.052%*%* (—0.61) (2.71) (2.78) (2.58)
logfert 80.1766™* 48.4945** logschool —0.349"* 0.078"** 0.079*** 0.077***
loghexp 15.1477** 26.0225%* (—4.62) (3.81) (3.84) (3.74)
loglife 116.8599** 70.9718*** logfert 0.227** —0.037* —0.049** —0.023
loglifef 135.0036* 78.4666%* (2.60) (~1.78) (—2.41) (~1.13)
loglifem 114.4151%* 69.3512%** loghexp 0.059 —0.015 —0.015 —0.014
logmort 67.5314%%* 44.8545%%* (1.55) (—1.56) (—1.60) (—1.47)
logmortf 62.6776™* 43.3644* Constants Yes Yes Yes Yes
logmortm 61.8747% 44.0279* Country_FE Yes Yes Yes Yes
logclean 140.2575%* 103.6408*** Time_FE Yes Yes Yes Yes
logtreat 3.9968*** 19.9974%** Observations 2,657 2,656 2,656 2,656
logfdi 38.5985%* 44.507%* R? 0.447 0.674 0.659 0.683
logelec 5.4126%* 18.5051%** *, ¥, ¥ indicate significance at the 10, 5, and 1% levels, respectively; the values in

***indicates significance at the 1% level.

TABLE 3 OLS estimation results.

(1) (2) (3) (4)
Variables logdeath loglife loglifef  loglifem
logurban —0.058"* 0.014** 0.018** 0.008
(—2.39) (2.91) (4.00) (1.64)
loggdp —0.181%* 0.048%* 0.040%** 0.057**
(~13.05) (17.68) (15.54) (19.63)
logschool —0.652""* 0.069** 0.079** 0.059**
(~12.30) (6.71) (8.03) (5.31)
logfert —0.348"* —0.119%* | —0.143%* —0.093*"*
(—13.06) (—22.98) (—28.82) (~16.75)
loghexp 0.006 —0.013"* | —0.014*** —0.012"**
(0.40) (—4.79) (=5.56) (—4.10)
Observations 2,657 2,656 2,656 2,656
R? 0.166 0.714 0.746 0.670

** and ***indicate significance at the 5 and 1% levels, respectively. Robust standard errors
are in parentheses.

Table 5. To make the results more precise, we reproduce the
above regression results using two-way fixed effect estimation
in column (1) of Table 5. Column (2) of Table 5 reports the
bound estimation. The result shows that the interval formed by
B* and E does not contain 0. It means that our two-way fixed
effect estimations are robust to potential omitted variable bias.
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parentheses of the regression coefficients are the standard errors of the clusters at the
country level.

In addition, by comparing columns (1) and (2), we find that the
coeflicient of the impact of the urbanization rate on the crude
death rate changes from —1.128 to —0.653 after considering
the omitted variable bias. This indicates that the impact of
the urbanization rate on the crude death rate is stronger after
accounting for omitted variable bias. We find the same results
for other health measures.

5.2. System GMM estimation

To solve the problems of endogeneity and estimation bias
that may exist in the model, we use the system GMM method
for estimation. We also use two test methods that Arellano
and Bover (67) proposed to verify the validity of instrumental
variables and the system GMM estimation results. The first is the
second-order serial correlation test AR (2), whose main function
is to test whether the residuals estimated by the system GMM
have a serial correlation. The second is the overidentification
constraint test, which is mainly used to verify whether the
instrumental variables used in the system GMM estimation are
jointly effective. In the empirical study, the Hansen test method
is adopted for identification.

Table 6 reports the test results of the system GMM model
with crude death rate, life expectancy, female life expectancy,
and male life expectancy as explained variables in turn. The
p-values of the four second-order serial autocorrelation tests
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TABLE 5 Bound estimation results.

(1) Controlled effect

10.3389/fpubh.2022.1096964

(2) Identified set

A(S.E) [ﬁ,ﬂ* (Min {1, 1.3&2} 5 = 1)]
logdeath
logurban —0.653"* (—3.79) [—1.128, —0.653]
Observations 2,657
R’ 0.447
loglife
logurban 0.179*** (4.06) [0.179, 0.457]
Observations 2,656
R’ 0.674
loglifef
logurban 0.183*** (4.22) [0.183, 0.450]
Observations 2,656
R? 0.659
loglifem
logurban 0.175** (3.87) [0.175, 0.463]
Observations 2,656
R? 0.683

® ok ook
D

TABLE 6 System GMM estimation results.

(1) (2) (3) (4)
Variables logdeath loglife loglifef loglifem
logurban —0.024 0.001 0.005 0.004
(—0.42) (0.14) (0.84) (0.90)
loggdp —0.239** —0.022* 0.036 —0.059**
(—2.28) (—1.75) (1.63) (—2.44)
logschool 0.297* —0.001 —0.072* —0.017
(1.66) (—0.04) (=1.70) (—0.42)
logfert 0.003 —0.013*** —0.010 —0.016™*
(0.01) (—3.21) (—1.58) (—2.08)
loghexp 0.039 —0.002 —0.007 —0.006
(1.36) (—0.61) (-1.13) (—0.92)
Constant Yes Yes Yes Yes
Country FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
AR (2) 0.992 0.192 0.743 0.264
p-value
Hansen test 0.918 0.708 0.532 0.883
p-value
Observations 2,141 2,141 2,141 2,141

*, ™ indicate significance at the 10, 5, and 1% levels, respectively; the values in
parentheses of the regression coefficients are the standard errors of the clusters at the

country level.
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indicate significance at the 10, 5, and 1% levels, respectively; the values in parentheses of the regression coefficients are the standard errors of the clusters at the country level.

AR(2) are all >0.1, and the Hansen test is also >0.1, which
means that there is no second-order serial correlation in the
regression equation. The instrumental variables are generally
valid. This confirms that the GMM model setup is reasonable.
As shown in the table, urbanization negatively affects mortality
and positively affects life expectancy. The positive impact of
urbanization on public health is robust.

5.3. 2SLS estimation

In addition, to make the results of this paper convincing,
we further employ the instrumental variable method to conduct
two-stage least squares regression to address the potential
endogeneity problem. This paper employs the urbanization
level of one-stage lag as an instrumental variable. We first take
urbanization as the dependent variable, and the urbanization
lagging behind by one period as the independent variable
for regression to obtain the residual term. The residuals
(logurbanhat) were used as explanatory variables to replace
urbanization in model (1) for regression, and the results are
shown in Table 7. Urbanization has significantly improved
public health. Specifically, every 1% increase in the urbanization
rate will reduce the crude death rate by 0.494%. The remaining
coefficients are as expected. This proves that our results
are reliable.
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TABLE 7 2SLS estimation results.

(1) (2) (3) (4)
Variables logdeath loglife loglifef loglifem
logurbanhat —0.494* 0.117% 0.113%* 0.121%
(—=3.51) (3.85) (3.87) (3.81)
loggdp —0.002 0.037+* 0.037%* 0.037%
(—0.06) (4.53) (4.59) (4.34)
logfert 0.183** —0.054** —0.069** —0.039**
(2.32) (—3.13) (—4.06) (—2.16)
loghexp 0.069* —0.020** —0.020** —0.018**
(1.77) (—2.16) (—2.24) (—2.04)
logschool —0.365"** 0.078*** 0.080** 0.076**
(—4.75) (3.96) (4.04) (3.82)
Constant Yes Yes Yes Yes
Country FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
Observations 2,377 2,377 2,377 2,377

*, %, indicate significance at the 10, 5, and 1% levels, respectively; the values in parentheses of the regression coefficients are the standard errors of the clusters at the country level.

5.4. Instrumental variable method

To further solve the possible endogeneity problem, we also
construct a new and effective instrumental variable for re-
estimation with the help of the heteroscedasticity instrumental
variable method proposed by Lewbel (10). He introduced a new
method that an instrumental variable could be constructed with
the help of a set of observable exogenous variable vectors Z in
the absence of relevant traditional instrumental variables or in
the presence of weak instrumental variables.

The operation method is as follows: in the first stage, the
endogenous variable is regressive to the exogenous variable Z,
the residual term &, is obtained, and (Z — Z) & is constructed
as the instrumental variable in the second step estimation, where
7 is the mean value of the exogenous variable vector. This
heteroscedasticity-based discrimination method requires that
the residuals of the first stage regression be heteroscedasticity. In
the second stage, the instrumental variables estimate in the first
step are used to estimate the effect of the explanatory variables
on the explained variables. According to Lewbel (10), this paper
sets the following model.

®)
(6)

Y1 =B8X+yY2+¢e
Yo=aX+¢

where Y7 is the four indicators to measure public health, Y, is
the urbanization rate, X is all the control variables, and ¢; and
& represent the error terms. ZeX or Z = X. We first estimate
the residual term of Equation (6) by regression with the whole
sample, and test the heteroscedasticity of the residual term. The
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null hypothesis of homoscedasticity can be rejected if the p-
value is 0, and the existence of heteroscedasticity of the residual
term of Equation (6) is proved. Then, the instrumental variables
are constructed according to (Z — Z) &, and Equation (5) is
re-estimated. The results are listed in Table 8.

The regression results of instrumental variables in Table 8
illustrate that urbanization significantly negatively impacts the
crude death rate. Specifically, the coefficient of the urbanization
rate is —2.171. Columns (2) to (5) of the table indicate that the
level of urbanization significantly boosts life expectancy.

In summary, we try to solve the possible endogeneity
problem of benchmark regression using Oster (9) bound
estimation, system GMM estimation, and instrumental variable
method. The results from Tables 5-8 all reveal that the
urbanization rate significantly improves the public health level.

6. What is driving the results?

A key question is raised: What are the potential channels
through which urbanization affect public health? This paper
attempts to explore whether living standards can be such a
channel. Related studies (12, 68) found a correlation between
urbanization rate and living standards. In addition, it is widely
believed that rising living standards improve public health. Real
GDP per capita is commonly used to represent the standard
of living (69, 70). For living standards to be a potential
channel, two conditions must be met. First, real GDP per
capita needs to be correlated with urbanization rates. Table 9
reports the relationship between the urbanization rate and real
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TABLE 8 IV estimation results.

(2) (2) (3) (4)
Variables logdeath loglife loglifef loglifem
logurban —2.171" 0.514** 0.519%** 0.505***
(—8.45) (7.34) (7.74) (6.93)
loggdp —0.027 0.034** 0.036™* 0.0327%*
(—0.81) (4.44) (4.51) (4.13)
logschool 0.026 —0.008 —0.007 —0.008
(0.39) (—0.41) (—0.41) (—=0.37)
logfert 8.691** —2.044* —2.078"* —1.996"*
(8.76) (=7.31) (=7.73) (—6.88)
loghexp 0.037 —0.011 —0.011 —0.010
(1.13) (—1.30) (~1.33) (~1.22)
Constants Yes Yes Yes Yes
Country Yes Yes Yes Yes
FE
Time FE Yes Yes Yes Yes
Observations 2,657 2,656 2,656 2,656
R? 0.616 0.745 0.734 0.750

*, **, * indicate significance at the 10, 5, and 1% levels, respectively; the values in
parentheses of the regression coefficients are the standard errors of the clusters at the

country level.

TABLE 9 Effect of urbanization on the potential channel.

Variables
logurban 0.573%**
(3.29)
Controls Yes
Constants Yes
Country FE Yes
Time FE Yes
Observations 2,657
R? 0.599

*

*, # indicate significance at the 10, 5, and 1% levels, respectively; the values in

parentheses of the regression coefficients are the standard errors of the clusters at the
country level.

GDP per capita(loggdp). The results show that the increase in
urbanization rate can significantly improve living standards.
Specifically, for every 1% increase in the urbanization rate, the
real GDP per capita increases by 0.573%.

Second, put living standards, urbanization rate, and public
health into the same regression model, and the coefficient of
urbanization rate should be reduced or insignificant. The results
are presented in Table 10. Columns (2) and (5) of Tables 10, 11
show that when living standards, urbanization rate, and public
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health are added to the same regression model, the coefficient
on urbanization rate decreases significantly. Our research
suggests that the standard of living is one channel through
which urbanization rates affect public health. We also examine
whether living standards moderated the relationship between
urbanization and public health to further probe its channel
role. More precisely, we include an interaction term between
urbanization rate and living standards (logurban™loggdp) in
Equation (4), as shown in columns (3) and (6) of Tables 10, 11.
The coefficient of the interaction term is significant and opposite
to the coeflicient of the urbanization rate. It means that living
standards negatively moderate the impact of the urbanization
rate on public health. In other words, the relationship between
urbanization and public health is lower in countries with higher
living standards.

7. Conclusions and suggestions

Public health is a significant development goal and one
of the priorities of government work all over the world. The
concentration of population into cities and towns, known
as urbanization, is a worldwide trend. And the process of
urbanization itself is a process of economic development and
modernization. This paper uses the annual panel data published
by the World Bank from 2000 to 2018 to examine whether
urbanization affects public health and potential channels.

First, increased urbanization has significantly improved
public health. Urbanization has considerably reduced the crude
death rate and increased life expectancy at birth. This further
confirms the conclusions of Shen et al. (46) and Jiang et al.
(56). From a gender-specific perspective, urbanization increases
women’s life expectancy at birth more than men’s.
the
increasing urbanization rate and improved public health

Second, cause-and-effect relationship  between
status is valid. To solve the problem of causal identification
and ensure the establishment of a causal mechanism of action,
we use the bounding value analysis method, system GMM
estimation, and the instrumental variable method to deal with
the possible endogeneity problem. The results of these tests
suggest that there is indeed a causal link between urbanization
and public health.

Third, the results of our estimation are robust. We also
perform robustness checks by replacing the explained and core
explanatory variables, grouping regressions, and adding more
control variables. The results demonstrate that our conclusion
is credible.

Fourth, further research shows that the impact of
urbanization on public health can be mediated through
living standards. Specifically, the increase in urbanization rate
significantly promotes residents’ living standards, and the rise
of residents’ living standards positively impacts public health.
In addition, living standards can also be used as a moderating
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TABLE 10 Test results of potential channel mechanism (crude death rate and total life expectancy).

10.3389/fpubh.2022.1096964

(1) (2) (3) (4) (5) (6)
Variables logdeath logdeath logdeath loglife loglife loglife
logurban —0.672% —0.653"** —0.305* 0.198"** 0.179*** 0.090*
(—4.00) (—3.79) (—1.66) (4.68) (4.06) (1.89)
loggdp —0.032 0.032 0.033%** 0.017*
(—0.61) (0.75) (2.71) (1.78)
logurban*loggdp 0.322%** —0.082%**
(4.29) (—4.05)
Controls Yes Yes Yes Yes Yes Yes
Constant Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes
Observations 2,657 2,657 2,657 2,656 2,656 2,656
R? 0.446 0.447 0.520 0.665 0.674 0.714

® ok ook
s

TABLE 11 Test results of potential channel mechanism (female and male life expectancy).

indicate significance at the 10, 5, and 1% levels, respectively; the values in parentheses of the regression coefficients are the standard errors of the clusters at the country level.

(1) (2) (3) (4) (5) (6)
Variables loglifef loglifef loglifef loglifem loglifem loglifem
logurban 0.203*** 0.183"** 0.095* 0.193** 0.175%** 0.086*
(4.91) (4.22) (1.94) (4.40) (3.87) (1.85)
loggdp 0.035** 0.019* 0.031** 0.015
(2.78) (1.97) (2.58) (1.53)
logurban*loggdp —0.081** —0.083***
(=3.99) (=3.99)
Controls Yes Yes Yes Yes Yes Yes
Constant Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes
Observations 2,656 2,656 2,656 2,656 2,656 2,656
R? 0.649 0.659 0.699 0.675 0.683 0.723

® ok ok
s

indicate significance at the 10, 5, and 1% levels, respectively; the values in parentheses of the regression coefficients are the standard errors of the clusters at the country level.

variable of urbanization and public health. The impact of
urbanization on public health is stronger in countries with low
living standards than in countries with high living standards.
The results of our research presented above can
provide some references for relevant policymakers. On
one hand, policymakers should make improving the
quality of urbanization development a top priority and
strive to play a positive role and reduce its negative
impact. On the other hand, the impact of urbanization
on public health is stronger in countries with lower living
standards. This conclusion has important implications for
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developing countries. In the context of rapid urbanization,
policymakers in developing countries can further improve
the level of health security of residents by promoting
their urbanization.

There are still some limitations in this paper. First, in
terms of the potential channel of urbanization affecting public
health, only living standards is selected as the mediating variable.
Future studies may focus on more channels when the data is
available. Secondly, this paper estimates public health through
the health demand function, and adopts the mortality rate and
life expectancy as the measurement indicators of public health.
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Future studies can use different public health measures based
on the health supply function, which is conducive to enrich the
contributions from novel perspectives.
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