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This paper explores the relationship between urbanization rate and death incidence by

applying panel threshold regression model to the inland provinces of China. The empirical

results highlight that there is a nonlinear single threshold effect between urbanization

and population health indicators. In China’s inland provinces, the negative impact of

urbanization on death rate is reduced when per capita GDP exceeds the threshold, that

is, the positive impact of urbanization on population health is significantly weakened.

Similarly, this result can also be applied to the north provinces, while there is a no

threshold effect in south. These asymmetric effects are strongly related to geographical

location, historical background, economic development conditions, and health policies.

Therefore, in the urbanization process, while promoting the steady development of

population urbanization, the government should also increase health investment to

improve the system andmechanism, formulate policies to raise health awareness, protect

residents’ health and reduce the waste of health resources.

Keywords: economic development, urbanization, population health, panel unit root, panel threshold regression

model

INTRODUCTION

The main purpose of this paper is to explore whether China’s population health (described using
death rate, DR) responds to urbanization (described as the proportion of the urban population to
the total population, URB), and how it affects population health during the rapid development of
urbanization. As stated in Agenda 21 for Sustainable Development of the United Nations, healthy
development cannot occur without a healthy population. In the past 10 years, China’s urbanization
has developed rapidly, increasing from 32.93% in 2007 to 60.6% in 2019, and it is expected to reach
65.5% in 2025. It is conservatively estimated that more than 80 million new rural migrants will be
added to urban areas, far exceeding that of other countries. With the continuous improvement of
the urbanization rate of China’s permanent resident population, the positive correlation between
urbanization and population health becomes more intuitive in the development process. China
has undergone profound changes in its health care system to adapt to the enormous demographic,
political, economic, and sociocultural changes resulting from the rural population transfer. Thus,
these changes may affect the health of the population. Investment in the health care sector has
triggered a transformation in health care, which is reflected in the decline in death rate and the
increase in government spending as a share of GDP over the past 13 years. There are two ways
to explain why increased levels of urbanization may lead to lower death rate (or better health).
First, urbanization can provide more health information and related knowledge education by
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improving medical services (1–3). Second, urbanization will
achieve economic development by expanding infrastructure
construction, creating more job opportunities through
industrialization and improving the health of the population
(4, 5), which is also reflected in the change in per capita
disposable income. This study can benefit decision-makers by
focusing on the impact of rapid urbanization on population
health. In the urbanization process, the government should
formulate policies to enhance health awareness among residents,
increase health investment, improve the system and mechanism
of healthy development, and ensure the health of residents while
promoting the stable development of population urbanization.

For developing countries, the poor are at greater risk
and have much worse health than the rich. As urbanization
increases, increasingly more people choose to live in cities; and
the living, working, eating and other habits of these people
and the surrounding environment have undergone significant
changes (6). Compared with rural areas, cities can provide more
ecological and cultural system services, such as more parks,
gardens, and playgrounds; and can also relieve life pressure
through sports venues and facilities to improve health conditions
(7). From the perspective of quality of life, there are fewermedical
resources in the rural areas of most countries than in cities,
both in terms of the number of hospitals and the number of
doctors (8); and the time-spent to obtain medical services in
rural areas is also higher than that in cities (9). In addition, the
participation rate of medical insurance is positively correlated
with the urbanization level (10). Urbanization improves the
quality of life, but at the same time it requires the government
to provide sufficient supply of infrastructure and medical
facilities, which expands the demand for the material supply of
public administration departments. Improving immediate living
conditions in cities where people live, offers the best hope
for reducing morbidity, death rate and health disparities and
improving the quality of life and well-being (11).

While the positive correlation between urbanization and
population health is intuitively evident in the process of the
continuous migration of the rural population to urban areas,
the effect of increasing the urbanization level on population
health remains ambiguous and controversial for China. Will
continued (or even excessive) migration improve the health
of city dwellers? Is there a threshold effect between the two
in the sample data of China? Is there a threshold effect in
the sample data of southern and northern China? Therefore,
this paper makes the following contributions to the above
problems. First, the empirical results found a threshold effect in
China’s urbanization and population health issues. This threshold
effect means that per capita GDP will influence the promotion
effect of urbanization on population health. Second, we divided
China’s inland provinces into southern and northern provinces
according to their geographical locations. By comparing the same
relationship between the two samples, we find that there is a
threshold effect of urbanization on population health in northern
China, while this effect is not significant in southern China.
This difference means that the urbanization in southern China is
closely related to the population health situation, the government
plays a significant role in the health care service system, and

the medical and health situation can better meet the needs of
a larger population. Moreover, although the existing research
shows the regional differences in the development of Chinese
urbanization and expands the trends, it mainly does so from the
perspective of geographical characteristics. This study divides the
urbanization and population health problems of inland provinces
into two regions, and discusses their correlation and performance
at different latitudes.

The reminders of the paper are structured as follows. Section
Literature Review reviews the existing literature, and section
The Health Utility Model With Urbanization presents the health
model. SectionMethodology describes the econometric approach
employed in this paper. Section Data is the data description.
Section Empirical Results shows the findings of the study. Section
Conclusions offers concluding remarks.

LITERATURE REVIEW

Urbanization and urban expansion result in urban
environmental changes, and resident lifestyle changes, which
can independently and synergistically lead to human health
problems (12). The effects of urbanization on population health
can hardly be attributed to any cause. The urban environment
is an important determinant of health (13). Urbanization is
a process of urban expansion caused by industrialization and
economic development (14), and promotes economic growth
by expanding demand (15). Industrialization intensifies the
contradiction between environmental protection and economic
growth and causes health problems, which reduce the harm
of industrial waste gas emission to population health (16).
Compared with rural areas, the positive effect of urbanization on
health is reflected in the fact that cities have better employment
opportunities and incomes, better educational and medical
resources, and closer social ties (17, 18). Therefore, urbanization
can be regarded as one of the most pervasive social and economic
forces affecting economic development, population health, and
ecological health (19).

Chen et al. (20) used a multilevel logistic model to
study the impact of urbanization and economic development
on individual health in China, and the results show that
economic development has an impact on urbanization. The
relationship between individual health and urbanization of
different income groups presents an inverted U-shape. The
effect of urbanization on population health in the eastern and
central regions is significantly greater than in the western region,
where urbanization increases life expectancy and improves
health level of residents mainly by improving residents’ health
awareness, increasing medical resources, and improving the
medical insurance system and public health infrastructure
investment. Ademe et al. (21) found that although there may be a
series of problems in the urbanization process, efficient national
governance can reduce the health problems faced by the social
population. Liu and Sun (22) used a logistic model to analyse
the impact of the urbanization level on various diseases, and
found that areas with high urbanization levels may possess better
health and a better health status of the population. Liu et al.

Frontiers in Public Health | www.frontiersin.org 2 June 2021 | Volume 9 | Article 706982

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Jiang et al. Urbanization and Population Health

(2) found that the ratio of infectious disease-related death rate
and noninfectious disease-related death rate in the process of
urbanization in China continued to decline over time. Brueckner
(23) stated that except for Sub Saharan Africa, the correlation
between adult death rate and urbanization in other parts of the
world is significantly negative; that is, the higher the level of
urbanization is, the lower the death rate.

Urbanization in developing countries is usually accompanied
by population migration to cities (24). Guest (4) finds that rural-
urban migration leads to inequality in economic opportunities,
with greater economic progress in urban areas by researching
Thailand. At the same time, however, cities need to strengthen
health services for young people, especially women. Sonoda (25)
found that urbanization will affects women’s physical health.
Colvin (26) also showed that growing urbanization affects women
and men in fundamentally different ways. Women and men play
different roles, frequent different public areas, and face different
health risks. When studying population changes, Hong et al.
(27) also found that compared with urban residents, the infant
survival rate, physical condition, and health-seeking behaviors of
Chinese immigrants were lower.

However, the idea that urbanization is beneficial to population
health is not always confirmed. Patel and Burke (28) pointed
to the chaos in the urban landscape caused by the constant
movement of rural residents to cities. Although many people
believe that urbanization will improve the quality of life, in fact,
urbanization is harmful to the health of some vulnerable groups,
which also manifests in the increased incidence of endemic
diseases and the possibility of epidemics expanding. As the urban
population continues to grow in a short period of time, the
growth rate of medical resources often falls far behind, which
will produce a “crowding effect” on urban residents and have
a negative impact on health (29). Srole (30) rejected the view
that urban life increases the incidence of mental disorders,
but urbanization may indeed result in psychological disasters
for white and black children growing-up (31–33), which is
evident in the slums. Eckert et al. (34) also believe that although
urbanization reduces the risk of malnutrition in children, it will
increase the risk of being overweight, and risk factors such as
chronic diseases are more common in urban areas. Poel et al.
(35) used data from the China Health and Nutrition Survey
to construct urbanization indicators for research and found
that urbanization increased the probability of reporting poor
health. The higher the degree of urbanization is, the greater the
impact will be. This finding is because the population undergoing
urbanization tends to consume more cigarettes and consume
more fat. Miao and Wu (36) found that the improvement of
the urbanization level can lead to the reduction of high-fat
diets and physical activities, reducing the health benefits brought
by high income. Air and water pollution caused by industrial
development will also affect population health (37, 38).

In summary, studies conducted in different countries and over
different periods have yielded mixed results. In addition, it is
unclear whether there is a threshold effect between urbanization
and population health. Is the impact on health still positive in the
urbanization process? This paper will conduct an in-depth study
of the above issues.

THE HEALTH UTILITY MODEL WITH
URBANIZATION

We refer to Becker and Grossman’s health demand model (39)
to describe the impact of urbanization on population health.
The maximum of the utility function is set to U(H,Z), where
H is population health (described by the death rate), and Z
is consumer production that enables utility to be obtained. H
depends on medical care (M), nonwork time (N), and baseline
status (B), with HM, HN, and HB > 0 (the subscript is the partial
derivative). Theoretically speaking, health affects itself mainly in
two ways. The first is that health brings happiness to consumers
and then makes the utility. Second, the healthy capital stock
reduces the time cost for consumers to fall ill, thus increasing
their own labor income.

The lifelong health utility function of consumer can be
expressed as follows:

U= U
(

∅0H0, · · · ,∅tHt ,Z0, · · · ,Zt
)

(1)

Where, health (H) is regarded as durable goods,
H0 is the health capital stock of a consumer at birth, Ht is the

health capital stock during period t, φ represents the health days
per unit of health capital stock, and (Z) donates that the other
goods that consumers can buy are disposable consumables. The
equation of health capital in the life cycle of consumers can be
described as follows:

Ht+1 = (1− δt)Ht + It (2)

Here, Ht+1 is the health capital stock of consumers in period
t + 1; Ht is the health capital stock of consumers in period
t; It represents the health capital investment of consumers in
period t; and δt represents the health depreciation rate, which is
related to exogenous variables such as age, living environment
and income level.

The development of urbanization provides a higher level of
medical services and improves the utility of health investment.
However, in urbanization development process, environmental
pollution, living habits, work pressure, and other external
factors may weaken population health level, thus improving
the depreciation rate of consumers’ health capital. Therefore,
it is reasonable to introduce urbanization into the healthy
depreciation rate equation.

The healthy depreciation rate equation takes the form
of Cropper:

δt = δ0P
α
t L

β
t (3)

Here, δ0 is the initial health depreciation rate, t is the age, Pt is the
level of urbanization, and Lt is external factors such as the lifestyle
of consumers.

Health investment is an important factor affecting consumers’
health capital stock. The health investment function is set as
the Cochrane Glass form (C-D) with a constant size, and the
expression is as follows:

It = Pα
t M

γ
t G

ω
t E

ϕ
t (4)
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where, Pt is the level of urbanization, which has a significant
impact on the efficiency of consumer health investment, Mt

is the health goods that consumers can buy, Gt is the basic
medical services provided by the government, and Tt is the time
consumers need to produce health. Et is the other influencing
factors such as consumer income.

After substitution into the equation, we obtain:

Ht+1 = (1− δ0P
α
t L

β
t )Ht + Pα

t M
γ
t G

ω
t E

ϕ
t (5)

Then, we calculate the equation and obtain the partial derivative:

∂Ht+1

∂Pt
= αPα−1

t (M
γ
t G

ω
t E

ϕ
t − δ0L

β
t Ht) (6)

Generally, the level of government health expenditure (Gt) and
the external factors of health depreciation(Lt) will not change
much in the short term. In conclusion, the influencing factors
of the urbanization rate on the consumer health capital stock
are determined by the medical expenditure level (Mt), consumer
income Et , government health expenditure level (Gt), etc.

METHODOLOGY

Test of Gibrat’s Law
This paper constructs a basic model to test whether urbanization
is in line with Gibrat’s law (40), and explores the factors that affect
health. Referring to Yu et al. (41), Gibrat’s law can be expressed
as follow:

Si,t − Si,t−1

Si,t−1
= εi,t (7)

Here, St represents the urbanization situation during period t.
ε i,t is a normally distributed variable that follows N(µ, σ 2).
According to Gibrat’s law, the change in the explanatory variables
is independent of the independent variables. This finding shows
that the healthy logarithm will follow a normal distribution,
which means that in each period, the changes in growth rate
should be the same magnitude for all countries in an economic
organization. However, this is unrelated to initial economic
development. The verification formula of Gibrat’s law is defined
as follows:

1 log
(

Si,t
)

= ai + βi log
(

Si,t−1

)

+ εi, t (8)

In this paper, the null hypothesis is βi ≤0. The LLC panel unit
root test and ADF-Fisher test are used to calculate βi.

Panel Threshold Regression Model (PTRM)
Referring to the panel single threshold regression
model of Hansen (42), we define zit as follows:
{zit ,URBit , xit : 1 ≤ i ≤ n, 1 ≤ t ≤ T }

Then, the following single threshold model is established:

zit =

{

λit + α1URBit + β ′
1xit + εit , if LPGDPit ≤ γ

λit + α2URBit + β ′
2xit + εit , if LPGDPit > γ

(9)

Here, URBit is urbanization as the threshold variable; zit is
the death rate; LGDP is the logarithm of per capita GDP; γ

is the estimated threshold value; a1 and a2 are the threshold
coeffcients; xit are the control variables; β1 and β2 are
coeffcients of the control variables; λit denotes the fixed effect
in different provinces under varying conditions; εit follows a
normal distribution with a mean of 0 and a variance of σ 2,
denoted as N(0, σ2); and i and t represent the provinces and
time, respectively.

Equation (6) can also be expressed as follows:

zit = λit + α1URBitϕ(LPGDPit ≤ γ )+ α2URBitϕ

(LPGDPit > γ )+ β ′xit + εit (10)

However, there may be more turning points in applications.
Hence, the multiple shapes of the threshold model can be
expressed as:

zit =











λit + α1URBit + β
′

1xit + εit , if LPGDPit ≤ γ1

λit + α2URBit + β
′

2xit + εit , if γ1 < LPGDPit ≤ γ2

λit + α3URBit + β
′

3xit + εit , if LPGDPit > γ2

(11)

The regression model above can also transform into the
following formulation:

zit = µit + α1URBitϕ (LPGDPit ≤ γ1) + α2URBitϕ

(γ1 < LPGDPit ≤ γ2) + α3URBitϕ(LGPDPit > γ2)

+ β ′xit + εit (12)

Here, γ1 and γ2 are threshold values (γ1 < γ2). Similarly, more
threshold regression models for turning points can be derived in
the same way.

DATA

This sample used the annual data of China’s inland provinces
from 2007 to 2019 (Tibet’s statistical data are seriously missing,
so they are deleted) including a total of 390 annual entries. Since
the population health and urbanization data were collected from
staring in 2007, the sample coverage period began in 2007. Data
sources are the China Statistical Yearbook, the National Bureau
of Statistics, the National Research Network Statistical Database,
and the China Economic and Social Development Statistical
Database. Previous studies believe that death rate (DR) can
directly reflect the medical level and health level of residents in a
country or region, which is important for social development and
family planning policy. This paper uses the urban population to
total population ratio (URB) to measure the level of urbanization,
and uses logarithm of per capita GDP (LPGDP) as the threshold
variable. Generally, a large number of rural people will flow
to cities, the urbanization ratio will increase, the urban-rural
integration will accelerate, the population structure will change,
and the service object and content of the medical structure will
gradually change. Empirical studies show that the improvement
of the urbanization level has a positive impact on population
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health. The government’s investment in health care is also an
expensive expenditure that which cannot guarantee the expected
return. This urges people to study the threshold effect of
urbanization (URB).

Six control variables are introduced in this study. The first
is environmental pollution (EP), measured by industrial sulfur
dioxide emissions. In the fuel combustion process and the
production process, enterprises will emit sulfur dioxide into the
atmosphere, which will not only bring environmental problems
such as acid rain, but also may cause allergic reaction when
excessive intake into the human body harms health. Thus, the
emission of sulfur dioxide will affect people’s health. The second
is per capita disposable income (CI), which is the most important
determinant of consumer spending and usually used to measure
the change in living standards (43, 44). Generally, residents with
a higher level of personal disposable income will be able to pay
more for medical care when they face health problems (45).
To ensure the accuracy of the statistical results, we used the
logarithm of this index in the empirical process. The third is
the service sector share (SEV), measured by the share of total
with respect services to GDP. The proportion of the service
industry is usually regarded as an important factor affecting
the health care industry. There are many factors leading to

an increase in SEV , such as the adjustment of the industrial
division of labor and increased costs. Overall, the diversification
of the service industry structure will impact population health
(46, 47). To ensure the accuracy of the statistical results, we
used the logarithm of this index in the empirical process. The
fourth is population density (PD), which refers to the number
of people per unit of land area and is an important indicator
reflecting the population distribution. Excessive population
density may lead to intensified job competition, cause excessive
psychological pressure and harm physical health. Furthermore, it
will also affect the air and environment, resulting in decreased
cardiopulmonary functioning and population health (48). The
fifth is the government spending share (GOV), measured by
government spending as a share of GDP. In 1994, to improve
people’s health and accelerate economic development, China
began to implement medical system reform to improve the
effectiveness of government health spending on health welfare
production and gain. The higher the proportion of health
expenditures is, the greater the government’s investment in
national health, which can effectively affect the health situation of
residents. The sixth is educational attainment (EDU), measured
by the proportion of the population with a college degree or
above. Yasuhiko Kubota, a visiting researcher at the University

TABLE 1 | Descriptive statistics of the variables.

Obs Mean Std.Dev. Minimum Maximum Skewness Kurtosis

Inside

provinces

DR 390 6.034 0.752 4.210 7.570 0.001 0.080

URB 390 55.236 13.293 28.240 89.600 0.000 0.072

EP 390 48.886 37.818 0.032 162.865 0.000 0.329

CI 390 41.925 7.040 24.898 68.256 0.045 0.491

SEV 390 −0.839 0.201 −1.251 −0.180 0.000 0.009

PD 390 458.746 677.876 7.637 3853.968 0.000 0.000

GOV 390 5.360 0.879 2.435 7.365 0.000 0.701

EDU 390 0.120 0.073 0.012 0.505 0.000 0.000

LPGDP 390 10.592 0.564 8.841 12.009 0.254 0.483

North

provinces

DR 195 5.873 0.741 4.260 7.500 0.063 0.047

URB 195 55.806 13.161 32.250 86.600 0.000 0.265

EP 195 52.941 44.275 0.032 162.865 0.000 0.000

CI 195 39.404 7.221 24.898 67.031 0.000 0.028

SEV 195 −0.852 0.229 −1.251 −0.180 0.000 0.050

PD 195 346.220 397.132 7.637 1382.301 0.000 0.038

GOV 195 5.173 0.860 2.435 6.894 0.011 0.739

EDU 195 0.136 0.084 0.038 0.505 0.000 0.000

LPGDP 195 10.617 0.516 9.244 12.009 0.850 0.960

South

provinces

DR 195 6.195 0.729 4.210 7.570 0.001 0.927

URB 195 54.667 13.434 28.240 89.600 0.000 0.100

EP 195 44.831 29.569 0.652 117.600 0.063 0.001

CI 195 44.446 5.870 32.687 68.256 0.460 0.202

SEV 195 −0.825 0.169 −1.246 −0.318 0.015 0.412

PD 195 571.273 859.204 117.767 3853.968 0.000 0.000

GOV 195 5.547 0.859 2.523 7.365 0.000 0.346

EDU 195 0.104 0.056 0.012 0.340 0.000 0.000

LPGDP 195 10.568 0.609 8.841 11.966 0.222 0.235
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of Minnesota in the United States, found that education is
more likely to affect health than income through a follow-
up investigation for more than 20 years; and the higher one’s
education is, the less likely they are to suffer from cardiovascular
and cerebrovascular diseases (49). This shows that the level of
education can affect the health of the population.

Table 1 divides the statistical data into two subsamples of
30 inland provinces, 15 northern provinces and 15 southern
provinces, based on the geographical dividing line Qinling and
Huaihe River in China. As Table 1 shows, the average death rate
in China is higher at 6.034%, and that in southern provinces
(6.195%) is higher than that in the northern provinces (5.873%).
This may be related to the differences in living environments
and habits. The average urbanization rate of southern provinces
(54.667%) is slightly lower than the average urbanization rate
of northern provinces (55.806%), both of which are not much
different from the overall urbanization rate. This may be due
to the differences in the geographical location and climate
characteristics of the south. As long as the northern regions focus
on industrial development, the southern provinces will enjoy
better agricultural development, which is reflected in a higher
proportion of rural population, that is, urbanization is relatively
low. Since the development of industry is the main economic
development mode in the north, the sulfur dioxide emissions of
the northern provinces (52.941) are much higher than those of
the south provinces (44.831). In addition, the southern provinces
far outperformed their northern counterparts in terms of per
capita disposable income, population density and government
spending as a share of GDP. Jarque-Bena test results show that
all data sequences obey a normal distribution.

EMPIRICAL RESULTS

We perform a panel unit root test to investigate whether
the population health data of inland provinces in China are
consistent with Gibra’s law. Due to the poor performance of the
IPS test in the samples in this paper, the Levin, Lin and Chu (LLC)
test and Fisher-ADF test are considered to be effective methods
for testing the existence of unit roots according to the research
results of Shiller and Perron (50, 51). AsTable 2 shows, there is no
unit root of the death rate, which does not comply with Gibrat’s
law. Furthermore, to avoid the existence of a false regression, the
stability of all variables should be maintained before the use of
the PTRM. The panel unit root tests of the LLC and Fisher-ADF
show that the variables are all significant at least at the 10% level.
Therefore, we proceed to analyse the PTRM.

The results in Table 3 present an optimal level of urbanization
for the full sample of 30 inland provinces and for the southern
and northern provinces in China. Overall, the single threshold
for logarithm of per capita GDP is 10.237, which is significant
at the 5% significance level; and the F-statistic is 26.740. Table 4
shows that there is a significant negative correlation between
URB and DR when China’s logarithm of per capita GDP is
lower than 10.237, with an estimated coefficient of −0.036.
The negative relationship between urbanization and death rate
becomes weaker when the logarithm of per capita GDP is greater

TABLE 2 | Panel unit root tests.

Variables Panel augmented dickey-fuller test

Levin-Lin-Chu Fisher-ADF

t-statistic p-value Statistic p-value

Inside

provinces

DR −9.627 0.000 157.144 0.000

URB −5.716 0.000 153.356 0.000

EP −4.792 0.000 85.590 0.017

CI −22.422 0.000 77.036 0.068

SEV −4.920 0.000 157.930 0.000

PD −4.586 0.000 375.614 0.000

GOV −8.804 0.000 187.502 0.000

EDU −8.953 0.000 160.128 0.000

LPGDP −3.001 0.001 86.875 0.013

North

provinces

DR −5.681 0.000 67.295 0.000

URB −3.283 0.001 64.222 0.000

EP −2.808 0.003 47.152 0.024

CI −11.105 0.000 48.704 0.017

SEV −2.852 0.002 83.672 0.000

PD −15.691 0.000 128.126 0.000

GOV −8.867 0.000 99.592 0.000

EDU −6.684 0.000 66.387 0.000

LPGDP −2.138 0.016 45.199 0.037

South

provinces

DR −8.080 0.000 110.540 0.000

URB −5.236 0.000 74.115 0.000

EP −4.350 0.000 47.936 0.020

CI −6.123 0.000 71.047 0.000

SEV −2.923 0.002 69.633 0.000

PD −5.535 0.000 183.720 0.000

GOV −4.516 0.000 67.454 0.000

EDU −5.783 0.000 79.093 0.000

LPGDP −4.358 0.000 70.607 0.000

than a certain limit threshold. This indicates that there is a single
threshold effect, which makes the model show an asymmetric
non-linear relationship with the inflection point.

For northern provinces, the single threshold for the logarithm
of per capita GDP is 10.823, which is significant at the 10%
significance level and the F-statistic is 21.280. Additionally,
Table 4 shows that there is a significant negative correlation
between URB and DR when the logarithm of per capita GDP
of northern provinces is below the threshold value of 10.823
with an estimated coefficient of −0.083. The coefficient of DR
changes to −0.076 when the logarithm of per capita gdp exceeds
10.823. This means that the increase in the urbanization level
can effectively reduce the death rate of northern provinces
and has a positive effect on population health. The results
indicate that there is still a single threshold effect for the
northern provinces.

In contrast, in southern provinces, the single threshold for
logarithm of per capita GDP is 10.237 with an F-statistics
of 14.260, but the results did not pass the significance test.
As Table 4 shows, when the logarithm of per capita GDP of
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TABLE 3 | Test for threshold between Urbanization and Population health.

Single threshold effect test Double threshold effect test

Threshold value F-statistics p-value Threshold value F-statistics p-value

ALL

Inside

provinces

10.237** 26.740 0.050 10.841 11.200 0.364

North

provinces

10.823* 21.280 0.054 11.412 14.590 0.130

South

provinces

10.237 14.260 0.256 10.881 10.720 0.248

***, **, and * respectively indicates significance at the 1, 5, and 10% level.

southern provinces is 10.237, there is no significant correlation
between URB and DR. The results show that there is no single
threshold effect in this model for the southern provinces, which
has not been found in previous studies. This might relate
to different geographical distribution and cultural traditions.
Regarding population and economic growth, the urbanization
process of northern provinces in China is relatively slow, and the
economic development level in the north is lower than that of
the south. Health problems caused by population migration can
be solved by government health investment spending due to the
better economic conditions and the popularization of relevant
health knowledge in southern China. In other words, the growth
rate of the population health level in southern China can keep up
with the pace of urbanization development, which is embodied
in the fact that there is no single threshold effect between DR
and URB.

Whether in China or in the northern provinces, urbanization
has played a role in promoting population health, but the
relationship between urbanization and population health will
not be the same in a specific time. In this paper, the explained
variable DR has an inverse relationship with population health,
that is, the lower the death rate, the higher the health of the
population, and vice versa. Figure 1 shows that for China, when
the logarithm of per capita GDP is lower than 10.237, the
coefficient of DR is −0.036, and the coefficient of DR changes
to −0.031 when the logarithm of per capita GDP crosses the
threshold. Similarly, in northern provinces, when the logarithm
of per capita GDP is lower than 10.823, the coefficient is −0.083,
and it changes to −0.076 when the logarithm of per capita
GDP crosses the threshold. This indicates that in China and the
northern provinces, the impact of urbanization on population
health has a significant single threshold effect based on per capita
GDP, which means that when per capita GDP exceeds a certain
threshold, the role of urbanization in promoting population
health is weakened.

For the thresholds of China and northern provinces, we
can further confirm the impact of each control variable on
population health in Table 5. As Table 5 shows, in the full
sample and for northern provinces, environmental pollution
EP, government spending share GOV , and population density
PD can significantly affect death rate DR at a significant level
of at least 10%, while other control variables are not always

TABLE 4 | Estimated coefficients of Urbanization and Population health.

Regions Coefficient Estimated

value

p-value Std.Dev.

Inside

provinces

α̂1 −0.036*** 0.001 0.011

α̂2 −0.031*** 0.004 0.011

North

provinces

α̂1 −0.083*** 0.000 0.019

α̂2 −0.076*** 0.000 0.019

South

provinces

α̂1 −0.002 0.876 0.011

α̂2 0.002 0.863 0.011

***, **, and * respectively indicates significance at the 1, 5, and 10% level.

significant. According to the coefficients in Table 5, EP is
negatively correlated with DR in China and north region, but it
is not significant in south. The possible reason is that industry
is one of the important sources of environmental pollution.
It is labor-intensive and has a population gathering effect,
which makes environmental pollution and death rate negatively
correlated. Since the heavy industry is concentrated in northern
China, the southern manufacturing and service industries have
developed well, and the degree of environmental pollution is
relatively low. In addition, GOV and PD have positive and
negative effects on DR, respectively. Furthermore, the coefficient
of per capita disposable income CI in the northern region can
also pass the test at the 5% significance level. Increasing per capita
disposable income will promote consumption, which may lead to
some diseases such as obesity, and will cause higher death rate
in turn.

Considering the irreplaceability of DR and URBAN, to obtain
a more reliable conclusion, following the same method in the
references, we select three new control variables to conduct a
robustness test. The first new control variable is GDP (logarithm,
LGDP). Studies have shown that human health is related to per
capita disposable income (CI) and has a similar cointegration
relationship with GDP, often as a direct economic indicator
affecting population health (52). The second new control variable
is the consumer price index (CPI), which reflects the changes in
the price level of consumer goods and services usually purchased
by families, and can measure the changes in the overall economic
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FIGURE 1 | Simulation of the relationship between urbanization and population health.

TABLE 5 | Estimated coefficients of the control variables.

Regions Variable Coefficient Estimated

value

p-value Std.Dev.

Inside

provinces

EP β̂1 −0.002* 0.096 0.001

CI β̂2 0.007 0.130 0.005

GOV β̂3 0.204** 0.010 0.079

SEV β̂4 0.349 0.196 0.269

PD β̂5 −0.003*** 0.000 0.000

EDU β̂6 1.630* 0.079 0.926

North

provinces

EP β̂1 −0.003** 0.039 0.002

CI β̂2 0.018** 0.013 0.007

GOV β̂3 0.426*** 0.003 0.140

SEV β̂4 0.202 0.651 0.445

PD β̂5 −0.002*** 0.001 0.001

EDU β̂6 1.057 0.463 1.437

South

provinces

EP β̂1 −0.000 0.853 0.001

CI β̂2 −0.016** 0.035 0.007

GOV β̂3 0.014 0.866 0.083

SEV β̂4 0.610** 0.033 0.284

PD β̂5 −0.002*** 0.000 0.000

EDU β̂6 0.008 0.994 1.158

***, **, and * respectively indicates significance at the 1, 5, and 10% level.

level of society (53). The third control variable is financial
development level (FINA), which is measured by the percentage
of financial institutions’ deposits and loans to GDP at the
end of the year, and can affect population health by affecting
economic development.

Table 6 shows that after adding the new control variables
LGDP, consumer price index CPI, and financial development
level (FINA), the single threshold effect still exists in the entire
sample of inland provinces and northern provinces of China,
and the threshold value does not change significantly. However,

there is no threshold effect in southern provinces. Although the
threshold value did not change significantly, the p-values of the
entire sample decreased from 0.050 to 0.042, and increased from
0.054 to 0.064 in northern provinces. This indicates that in China,
the threshold effect of urbanization on death rate becomes more
significant after the addition of the control variables LGDP, CPI,
and FINA, that is, before the logarithm of per capita GDP reaches
the certain threshold, there is a significant negative correlation
between URB and DR, and urbanization can effectively improve
the health of the population. When the logarithm of per capita
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TABLE 6 | Robustness check.

Single threshold effect test Double threshold effect test

Threshold value F-statistics p-value Threshold value F-statistics p-value

ALL

Inside

province

10.237** 26.080 0.042 10.835 5.700 0.774

North

provinces

10.823* 21.610 0.064 11.379 11.370 0.198

South

provinces

10.237 15.970 0.182 10.836 7.120 0.560

***, **, and * respectively indicates significance at the 1, 5, and 10% level.

TABLE 7 | Estimated coefficients of the control variables.

Region Variable Coefficient Estimated

value

p-value Std.Dev.

Inside

provinces

EP β̂1 −0.003*** 0.008 0.001

CI β̂2 0.010** 0.128 0.006

GOV β̂3 −0.152 0.287 0.143

SEV β̂4 0.818*** 0.005 0.287

PD β̂5 −0.003*** 0.000 0.000

EDU β̂6 0.322 0.751 1.012

CPI β̂7 −0.001 0.924 0.010

LGDP β̂8 0.960*** 0.001 0.284

FINA β̂9 −0.138* 0.079 0.078

North

provinces

EP β̂1 −0.004** 0.013 0.002

CI β̂2 0.016 0.115 0.010

GOV β̂3 0.072 0.747 0.223

SEV β̂4 0.824* 0.084 0.474

PD β̂5 −0.003*** 0.000 0.001

EDU β̂6 0.440 0.780 1.573

CPI β̂7 0.019 0.281 0.018

LGDP β̂8 0.777* 0.056 0.404

FINA β̂9 −0.056 0.627 0.116

South

provinces

EP β̂1 −0.001 0.438 0.011

CI β̂2 −0.011 0.206 0.439

GOV β̂3 −0.356* 0.058 0.111

SEV β̂4 1.056*** 0.001 0.001

PD β̂5 −0.002*** 0.002 0.008

EDU β̂6 −1.717 0.166 0.186

CPI β̂7 −0.021* 0.068 0.315

LGDP β̂8 1.282*** 0.004 0.001

FINA β̂9 −0.304*** 0.007 1.234

***, **, and * respectively indicates significance at the 1, 5, and 10% level.

GDP exceeds 10.237, the health-promoting effect of urbanization
will become significantly weaker. This is consistent with the
results in Tables 3, 4, so the conclusion of this paper is valid. In
Table 7, the regression coefficients of the control variables shows
that environmental pollution (EP), population density (PD), and
GDP have significant impacts on the death rate (DR), while
the other control variables (especially education EDU) are not
always significant.

CONCLUSIONS

This paper performs a panel unit root test to examine whether
Gibrat’s law is applied to China’s urbanization. Table 2 shows
that the stationary hypothesis of death rate cannot be rejected,
which suggests that health indicators follow a random walk and
urbanization is an important variable effect on population health.
Subsequently, this paper uses panel data to explore the threshold
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effects of urbanization on population health in China and the
northern and southern provinces of China by using the PTRM.
In our study, urbanization is defined as the proportion of the
urban population with respect to the total population (URB), and
we find that 10.237 and 10.823 serve as the threshold rate for
logarithm of per capita GDP in China and northern provinces,
respectively. When logarithm of per capita GDP falls below this
level, the increase in urbanization and economic will contribute
to improved population health. Once this level is exceeded, the
negative relationship of urbanization on death rate is significantly
weaker, that is, the health-promoting effect of urbanization is
greatly reduced. However, there is no threshold effect in the
South. These findings provide valuable insights for policy makers
on how to equitably deliver health services to improve the
health status of populations in the face of rapid urbanization.
Urbanization plays a positive role in promoting the health of the
population, and the government can improve the health level
of residents by promoting urbanization, so that urbanization
will benefit people. However, urbanization should not be seen
as a solution to health problems, but should be accompanied by
effective health policies to avoid wasting medical resources in the
social development process.
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