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Abstract
Urbanization has been and will continue to be the mainstream trend of global population movement, including China. 
Depression is the most common mental disorders and the leading factor of disabilities. However, the impacts of urbanization 
on the depression occurrence are still unclear. This paper analyzed the data from 3 waves of the China Health and Retirement 
Longitudinal Study (CHARLS) with sample size as 8510 adults representing the middle aged and elderly group in China. 
Depression was identified and measured by the 10-item Center for Epidemiological Studies Depression Scale (CESD-10). 
Urbanization level was measured by population density, GDP per capita and secondary/tertiary industry as percentage to 
GDP in the China City Statistical Yearbook. The fixed effect regression model was used to explore the association between 
the changes of urbanization and depression. As result, depression is closely related to the urbanization, protective effects 
are found for 3 indicators above: The depression prevalence decreases while urbanization level increases (from lowest 
urbanization level to the highest: P < 0.01). Among the 10 depression symptoms, “Bothered”, “Reduced energy leading to 
diminished activity” and “Hopelessness” are the most significantly improved with urbanization. The impact of urbanization on 
residents’ mental health is a long-term, multi-factor interaction. Therefore we need to fully consider all possible influencing 
factors, and longer follow-up study to verify.
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What do we already know about this topic?
The association between urbanization and depression occurrence remains to be unclear and complex, no consensus 
has been reached worldwide. On the one hand, urbanization can raise the residents’ health consciousness and increase 
the accessibility of medical service, which makes people more likely to get professional care and reduce the risk of 
depression. On the other hand, urbanization brings pollution and traffic noise and reduces physical activity frequency 
of residents, which could damage people’s mental health.

How does your research contribute to the field?
The results of this study give more evidence on the protective impacts of urbanization as a longitudinal study with large 
sample size. It shows that the prevalence of depression decreased in the regions with high urbanization level in China, 
the 3 aspects of urbanization, namely dense population, economy improvement and industrial structure change, all play 
a protective role in depression.

What are your research’s implications toward theory, practice, or policy?
The study shows that changes in the demographic, economic and industrial structure of China’s urbanization may 
improve people’s mental health.

The Evolution of the Hospital Market in China - Original Research

Introduction

Over the past decades, urbanization has become the main-
stream trend global population movement. The proportion of 
the urban population worldwide is about 55% currently and 

estimated to reach 68% by 2050.1 It’s also estimated that in 
the next 30 years, 90% of the increasing urbanization will 
occur in Africa and Asia.2 Particularly, China has experi-
enced an unprecedent rapid urbanization development since 
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1978 as the year of market liberation. The urban population 
increased from 17.9% to 59.6% in 2018.3,4 It’s estimated that 
more than 1 billion Chinese will live in cities by 2030.3 Given 
the dramatic lasting urbanization, more focus should be 
pinned on its possible influence on health of the population.

Due to the multidisciplinary nature of urbanization 
research and the complexity of urbanization itself, there is no 
uniform standard for defining the concept of urbanization. 
Scholars have summarized urbanization from the perspec-
tives of population, economy and lifestyle, emphasizing the 
process of urbanization from rural areas to urban areas. 
Eldridge thought “population concentration process is the 
full meaning of urbanization”, Vaughan said “urbanization 
refers to the lifestyle from the countryside to the city lifestyle 
demonstration process”, Clark proposed “population urban-
ization is the first industry shrinking high-centralized indus-
try the process of growing population”. The standard Urban 
planning terminology in China refers to urbanization as “the 
historical process of the transformation of human production 
and life style from rural to urban, which is mainly reflected 
in the transformation of rural population into urban popula-
tion and the continuous development and improvement of 
cities”.

A number of researchers have attempted to understand the 
potential impacts of urbanization on health, but the majority 
are focusing on physical health. Comparatively, much less 
studies have been conducted to discover the causal relation-
ship between urbanization and mental health.2

At present, many theories have been introduced into the 
discussion of the mechanism of urbanization’s influence on 
mental health, such as Grossman’s theory of healthy produc-
tion, Michael Marmot’s social determinism, Max Weber’s 
theory of social stratification, and the social decision theory 
of health. With the development of science and technology, 
more and more people realize the important influence of 
socio-economic environment on human health. Urbanization 
is an important manifestation of the current social and eco-
nomic conditions. On the one hand, it affects residents’ 
health by changing the social environment; on the other 
hand, it changes residents’ social class by changing their 
income, education and other factors, and then changes their 
lifestyle to affect residents’ health.

Among all mental problems, depression is the most com-
mon disorder, a leading cause of disabilities and a big contribu-
tor to the global disease burden, approximately 264 million 
people are suffering from it in the world.5 In China, 

depression is the fourth leading cause of disabilities and 
affecting 54 million people as estimated by WHO.6,7 
Depression can be caused by various biologic, genetic, social 
and environmental factors,8,9 which makes it likely to be 
affected by urbanization. But the association between urban-
ization and depression occurrence remains to be unclear and 
complex, no consensus has been reached worldwide.1 Some 
studies, including in the United States,10,11 the Netherlands,12,13 
Vietnam14 and India,15 found that urbanization was detrimen-
tal to mental health, because cities are concentrated with sev-
eral negative factors to depression such as overcrowding, 
less greens and space, higher crime rate, pollution and traffic 
noise.16,17 While other studies, mainly conducted in China, 
found urbanization can have protective effect on mental 
health, considering that cities are also associated with 
improved infrastructures, more resources, more opportunity 
and better social support and welfare.1,3,18,19 A recent Chinese 
meta-analysis study also showed that the prevalence of 
depression symptoms among urban elder groups aged > 60 
(20.5%) was lower than those living in rural areas (29.2%).20

Although some a number of studies has demonstrated the 
associations between urbanization and depression, the major-
ity of them are cross-sectional, that have limited power to 
illustrate the underlying mechanisms due to mixing various 
possible covariates in the pathway.1 It will be helpful to use a 
better model excluded individual heterogeneity to draw a 
clearer picture of this relationship. Also taking into consider-
ation that aging population is another paralleling trend in 
China, and depression is a common disease among Chinese 
elder group (20.5%),21 in this longitudinal study, we would 
analyze the data from a national representative survey for 
middle-aged and elderly and attempt to investigate the asso-
ciation between urbanization evolution and the prevalence of 
depression and its 10 symptoms among middle-aged and 
elder Chinese.

Data and Methods

Data

The data in this study was from the China Health and 
Retirement Longitudinal Study (CHARLS) conducted by 
the China social science survey center at Peking University. 
CHARLS is a nationally represented dataset that measures 
the health and well-being of the Chinese population aged 
45 and over. The survey followed a multi-stage stratified 
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random PPS (Probability Proportionate to Size) sampling 
strategy, covering 150 counties or city districts, included 
450 villages or resident committees, which was well repre-
sentative.22 This study used data in 2011, 2013, and 2015 
waves, including basic personal information and health 
conditions.

Our main dependent variable is the score of depressive 
symptoms measured in 3 waves with the Chinese language 
version of 10-item Center for Epidemiologic Studies 
Depression Scale (CESD-10). CESD-10 mainly measures 
the mental health status and depression tendency of respon-
dents, with proved reliability and validity (Cronbach’s alpha 
= 0.815).23 There are 10 questions in CESD-10, collecting 
the frequency of the respondents’ feelings or behaviors in a 
week. Each question is measured on a four-point score from 
“rarely or none”(0) to “most or all of time”(3). The total 
score ranges from 0 to 30, with a higher score indicating 
higher level of depressive symptoms. Several studies have 
reported that a cut-off point of 10 showed high sensitivity 
and specificity for diagnosis of depressive symptoms.24 
Accordingly, respondents with scores above 10 were consid-
ered to be prone to depression.

The key independent variable, urbanization, is measured 
by 3 most frequently used indicators. Urbanization is usually 
in line with the changes from 3 aspects: (1) population migra-
tion; (2) economic development; (3) industry structure tran-
sition and upgrading. Urbanization expended as the wheel of 
history, population moved and economic activities aggre-
gated in cities, the imported population calls for more posi-
tions and promote transition and upgrading of industry. 
People working in the primary industry became less, the  
proportion of second and third industry will increase. This 
industrial transition lead to producing more benefit and  
further drive people’s movement.25-28 To describe these 3 
aspects in a measurable way, and referring to the measure-
ment indicators of urbanization level in domestic and foreign 
studies, this paper uses the population density, GDP per cap-
ita and secondary/tertiary industry as percentage to GDP as 
indicators.29-31 The data is from in the China City Statistical 
Yearbook, in which GDP per capita has been adjusted to 
eliminate the impact of inflation according to CPI. The data 
is defined as 5 levels from low to high, representing the level 
of urbanization, by equal interval adjusted to ensure the rela-
tive balance of the data (Appendix I).

Several control variables accounting for compositional 
differences between individuals are also included in the 
regressions. Through the study, we found that personal char-
acteristics and living environment of individuals can affect 
mental health. Depression often occurs in people who are 
older, female, low-educated, non-spousal, less social support 
and relatively unhealthy.32-34 Therefore, we use age, square 
of age, gender, education level, marital status and work sta-
tus as covariates. Among these variables, gender is unchanged 
due to the use of longitudinal data, education level is found 

unchanged through descriptive statistics, and the rest were 
time-varying variables (Table 1).

This study is the panel data constituted by the longitudinal 
study when the respondents tracked in all the 3 waves. To 
control the data quality, exclusion criteria is as follow: (1) 
respondents without necessary socio-demographic informa-
tion; (2) respondents without information on CESD-10 in all 
3 waves; (3) respondents’ cities without urbanization indica-
tors (8 provinces covering 11 cities without urbanization 
indicators); (4) respondents under 45 years old. Overall, the 
final sample size is 8510 cases per year.

Methods and Analytic Strategy

In this study, we use 3 waves of CHARLS to build the panel 
data, which can account for not only observed confounders 
but also differences in individual living environments, home 
and work environments and other unobserved confounders. 
The panel data takes into account that such individual differ-
ences do not change over time, thus it can effectively solve 
the problem of missing variables and eliminate the estima-
tion bias caused by unobvious effects.

To exam whether individual heterogeneity is related to 
explanatory variables, we implemented a Hausman specifi-
cation test between fixed effect model and random effected 
model. The Hausman test shows that the P values was less 

Table 1.  Sociodemographic Characteristics.

2011 2013 2015

Gender (%)
  Male 49.45 - -
  Female 50.55 - -
Age (%)
  45-50 21.40 11.29 2.61
  50-60 38.12 39.35 38.71
  60-70 29.78 34.82 39.71
  70-80 9.61 12.63 15.95
  >80 1.09 1.90 3.03
Education level (%)
  Illiteracy 21.72 - -
  Can read 18.13 - -
  Primary school 24.19 - -
  Junior high school and above 35.96 - -
Marital status (%)
  Married 90.80 89.37 87.59
  Others 9.20 10.63 12.41
Work status (%)
  0 25.80 28.69 33.69
  1 60.89 57.31 51.69
  2 13.31 14.00 14.62

Note. There was no change in the gender and education group; married 
status: married-with spouse, others-without spouse; work status: 0-no 
job, 1-take up 1 job, 2-take up 2 jobs.
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than .001, indicating that individual heterogeneity is related 
to explanatory variables, thus the fixed effect model is 
selected.

Specification of our model was as follows:

Y U X u eit it it i it= + + +β β1 2

Where the dependent variable Yit  denotes whether indi-
vidual i is depressed at time t, Uit  denotes the focal inde-
pendent variable urbanization index which is divided into 5 
grades as dummy variables, and is separately incorporated 
into the model to avoid multicollinearity, and Xit  denotes 
time-varying variables for individual i at time point t. 
Furthermore, ui  is the intercept term of individual hetero-
geneity, which represents the unobvious influence and 
time-invariant variables, and eit  is a random perturbation 
term that changes over time.β1  is the coefficients to be esti-
mated, and if β1  is statistically significant, it indicates that 
a within-person change between waves in the urbanization 
variable is associated within-person change in the depression 
variable. We used the linear probability model to carry out 
the regression, and β1  was interpreted as the change of 
urbanization index by one unit and the change of depression 
probability.

Result

Sociodemographic

Of 25,530 respondents, 49.45% were male and 21.72% were 
illiterate. In 2011, the proportion aged 50 to 60 was the high-
est, with an average age of 57.99 (standard deviation: 8.54). 
90.80% of the respondents were married, but due to the 
increase in the number of widows, the proportion of those 
with spouses showed a downward trend. In 2011, 25.8% had 
no job and the rest have at least one job, the no-job rate 
increased to 33.69% in 2015.

Prevalence of Depression in Different Groups

The study found that the average score of depression was 
7.88, among which the average score of depression was 
15.10. The depression prevalence was nearly 30%, down 
from 34.54% in 2011 to 30.02% in 2013, and rise up to 
33.08% in 2015. Specifically, the prevalence of depression in 
women is higher than that in men. The highest prevalence of 
depression in 2011 and 2013 was over 80 years old, and it 
dropped to 60 to 70 years old in 2015, indicating that depres-
sion is gradually becoming younger. Illiteracy had the high-
est prevalence of depression, while those with a junior high 
school degree or above had the lowest. Married people had 
lower rates of depression than people without a spouse. Work 
status was complicated, with one job having the highest 
depression prevalence, followed by no job and 2 jobs having 

the lowest depression prevalence. The chi-square test showed 
that P value was less than 0.001 in each group (Table 2).

Association between Depression and 
Urbanization

The fixed effect regression model is used to analyze and find 
that depression is closely related to population density, GDP 
per capita and the secondary/tertiary industry as percentage 
to GDP. The higher the urbanization level is, the lower the 
depression prevalence occurs. In particular, the depression 
prevalence presented a gradient significant decline with the 
increase of the population density, GDP per capita, second-
ary/tertiary industry as percentage to GDP, except that when 
population density and GDP per capita changed from low to 
middle-low, the influence on depression prevalence was not 
statistically significant. Specifically, urban residents with 
high population density had a 7.32% lower depression rate 
than those with low level. Urban residents with high per cap-
ita GDP had a 5.36% lower depression rate than those with 
low levels. The depression rate of urban residents with a high 
output value of the secondary and tertiary industries was 
10.68% lower than that of urban residents with a low level. 

Table 2.  Depression Prevalence Rate among Different Groups.

2011 2013 2015

Depression 
prevalence (%)

34.54 30.02 33.08

Depression scale 8.04 ± 6.20 7.64 ± 5.68 7.94 ± 6.35
Gender (%)
  Male 27.70 23.61 25.96
  Female 41.24 36.31 40.03
Age (%)
  45-50 29.54 29.24 30.63
  50-60 33.54 29.68 31.51
  60-70 38.24 31.08 34.57
  70-80 37.65 28.56 34.41
  >80 38.71 32.10 28.68
Education level (%)
  Illiteracy 45.56 37.66 42.91
  Can read 41.74 36.23 39.34
  Primary school 34.74 28.96 33.48
  Junior high school 

and above
24.12 22.97 23.69

Marital status (%)
  Married 33.17 29.02 31.65
  Others 48.02 38.45 43.18
Work status (%)
  0 35.68 30.53 33.81
  1 37.10 32.00 35.77
  2 20.60 20.91 21.78

Note. The CESD-10 ranges from 0 to 30, with a score above 10 indicating 
a tendency toward depression.
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Another POLS regression was conducted in Appendix II to 
verify the urbanization level and control factors, and it was 
found that the impact of urbanization level was consistent 
with the results in Table 3.

Table 4 shows the results of the fixed effect model analy-
sis on the specific depression symptoms. CESD-10 consists 
of 4 items (item 1,3,6 and 9) for depression affect (DA), 4 
items (item 2,4,7 and 8) for somatic and retarded activity 
(SR) and 2 items (item 5 and 8) for positive affect (PA).The 
relationships between symptoms and urbanization were vari-
ous, but in general both emotions and physical symptoms 
could be affected.

Among all, some symptoms are more likely to be affected 
by urbanization relatively, namely "bothered", " Reduced 
energy leading to diminished activity" and " Hopelessness". 
Specifically, in terms of DA, residents in cities with high 
population density, high per capita GDP and high output 
value of secondary and tertiary industries were 8.44%, 
11.22% and 21.00% less likely to be "bothered", respec-
tively, compared with cities with low population density, low 
per capita GDP and low output value of secondary and ter-
tiary industries. In terms of positive affect, residents were 
16.05%, 24.51% and 13.44% less likely to “feel hopeless”. 
In terms of SR, residents were 8.98%, 10.71% and 19.89% 
less likely to “diminish activity”. Meanwhile, urbanization 
shows less significant impacts on "Slept restlessly" and 
"feelings of loneliness".

Among the 3 indicators of urbanization, GDP per capita 
illustrated the most significant positive impacts on depres-
sion symptoms generally, population density showed the 
least.

Discussion

The results of our study are consistent with other Chinese 
studies, showing that urbanization has positive impacts on 
depression outcomes in the context of China among the 
middle-aged and elder Chinese.1,3,18,19,21 Our study showed 
similar findings as previous cross-sectional studies and 

contribute to more solid results by controlling the possible 
individual socioeconomic confounders and covariates via 
panel analysis, as more specifically population aggregation, 
GDP increase and industry transmission had positively 
affected the prevalence of depression as for studied popula-
tion and period. Urbanization had uneven impacts on depres-
sion symptoms. In the process of urbanization, GDP change 
contributes the most significant to the impacts compared 
with the other 2 factors. The economic impact of urbaniza-
tion brings the increase of government health resource 
investment. At the same time, people are more willing to 
seek professional psychological help, improving the utiliza-
tion rate of mental health services. Population concentration 
and industrial upgrading will also have a protective effect, 
possibly increasing the role of social support by increasing 
community activities

As noted, studies in other countries presents different 
findings about how urbanization influence depression 
prevalence.10-17 This inconsistency can be seen as reason-
able, because by nature urbanization is not a director simple 
factor to depression, the various aspects of urbanization 
outcomes may form many possible layers of influencing 
pathway-some of which promote and some of which hinder 
mental health.1,35 The overall impacts of urbanization are a 
mixture of all layers and represent a result of the major 
effective aspects through antagonism.

To explain the protective impacts of urbanization in 
China, one possible rational may be the big gap of the health 
service supply between the urban and rural areas in China. In 
2016, 57.3% Chinese population lived in urban areas but ser-
viced by 88.2% of the health workers and 83.5% of the beds 
national wide, equivalent of 3.75 and 5.5 times as the 
resources each rural resident had respectively.36 In particular, 
the specialized health service such as mental health, studies 
has showed that the mental health workforce in China are 
also unevenly distributed between rural and urban areas. 
Although in 2015, the National Health Commission (NHC) 
of China implemented a five-year psychiatrist licensing pro-
gram to address the shortage of mental health workforce 

Table 3.  Association between Depression and Urbanization Level (Fixed Effect Model).

Depression

 
Population  

density
GDP  

per capita
Secondary/tertiary industry 

as percentage to GDP

Low 1 1 1
Mid-low −0.0282 (0.0252) −0.0084 (0.0097) −0.0301** (0.0144)
Middle −0.0533** (0.0271) −0.0401*** (0.0112) −0.0612*** (0.0177)
Mid-high −0.0501* (0.2773) −0.0438*** (0.0128) −0.1275*** (0.0228)
High −0.0732** (0.2992) −0.0536*** (0.0137) −0.1068*** (0.0300)

Note. Age, age squared, gender, marital status, education level and work status were controlled. The results of the control variables are not listed in the 
table as space concerning. The value in parentheses is the standard error.
*P < 0.1. **P < 0.05. ***P < 0.01.
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nationwide, especially encouraging practicing in rural and 
remote areas. It will take time for the effects of policies to be 
seen, the urban-rural disparities of the availability, accessi-
bility and quality of mental health service is still likely to 
continue for years.37 What’s more, due to various cultural 
and socioeconomic reasons, people with mental health needs 
are reluctant to seek for professional assistant and support, 
especially in rural areas of China. The utilization rate of 
mental health services in rural areas is much lower than in 
urban areas.38

In addition, the protective findings may also be affected 
by the study methodology. Normally, people who are health-
ier and with more resource are more likely to be able to 
migrant to cities and also remain in the cities, than those 
who do not leave or go back to rural areas. This large-scale 
health-selective migration is usually called as “healthy 
migrants effect”.1,38 This effect can be escalated as the 
investigated population in this study is the elder group, who 
has settled down in the cities or go back to rural areas after 
the instabilities right after migrant to urban areas at younger 
age.

Another factor that contributes to the positive impacts of 
urbanization is the planned urbanization progress in China. 
Different from unplanned growth of the cities, the govern-
ment regulated urbanization could be more likely to benefit 
people’s health and well-being.19 Even some studies showed 
that planned urbanization may be involuntary and interrupt 
some original social networks, this unique migrant mecha-
nism can still help to explain the protective impacts observed 
in this country by observing how it prevents negative out-
comes from becoming stressors. According to previous 
studies, stressors living in cities came from both environ-
ment hazards and stressful events. The environmental haz-
ards included air pollutions, water pollution, insufficient 
greenspace, traffic noise, poor housing, lack of sanitation, 
overcrowding, etc.39-48 The stressful events could refer to 
job loss and competition, mortgage pressure and residential 

relocation, etc.49-52 At least partially of these stressors are 
possible to be intervened and moderated by policies, thus 
governments should shoulder the responsibilities to address 
some of the stressors by well-planned urbanization. For 
example, along with urbanization, governments could offer 
better city design, living conditions and infrastructures to 
alleviate environment hazards, meanwhile offer stable job 
market and improve social welfare for migrants to mitigate 
stress events.

Several limitations in our study should be acknowl-
edged. Firstly, the younger group is not included in our 
analysis due to the limitation of the database, some nega-
tive factors that are more likely to be exposed by younger 
group are devalued, such as job loss and competition, mort-
gage burden and poor housing. Therefore, the representa-
tiveness of the findings cannot be extended to entire 
population. Secondly, as mentioned above, there are multi-
ple possible layers of the influence mechanism through 
urbanization to depression, the various impacts on depres-
sive symptoms cannot be interpreted without knowing a 
clearer factors framework, which calls for more in-depth 
studies to further clarify.

To conclude, our study finds that urbanization has signifi-
cant positive impacts on depression outcomes among the 
middle-aged and the elderly in China, by controlling the 
effect of potential covariates and confounders. The impact of 
urbanization on residents’ health behavior is a long-term, 
multi-factor interaction. With the urbanization process, resi-
dents’ living and working environments have changed. In 
addition to economic, demographic and industrial factors, 
factors such as the level of health care, access to health ser-
vices and health education need to be taken into account. 
Residents under the background of urbanization have the 
chance to get more health promotion to improve health con-
sciousness and thus seek mental health. Therefore, we need 
to fully consider all possible influencing factors, and longer 
follow-up study to verify.

Appendix I.  The division and definition of 5 levels of indicators measuring urbanization.

Population density 
(people/km2)

GDP per capita 
(thousand yuan)

Secondary/tertiary industry 
as percentage to GDP (%)

Low <200 <15 <80
Mid-low 200-400 15-25 80-85
Middle 400-600 25-35 85-90
Mid-high 600-800 35-45 90-93
High >800 >45 >93

Note. Each data segment includes a lower limit, not an upper limit.



8	 INQUIRY

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article:  
This study was supported with funding from General Program  
of National Natural Science Foundation of China (Project 
No.71774003).

ORCID iD

Duo Song  https://orcid.org/0000-0003-2931-3791

References

	 1.	 United Nations Department of Economic and Social Affairs. 
Population division. World urbanization prospects: the 2018 
revision. https://population.un.org/wup/Publications/Files/
WUP2018-Report.pdf. Published 2019. Accessed February 
27, 2020.

	 2.	 Sampson L, Ettman C, Galea S. Urbanization, urbanicity, and 
depression: a review of the recent global literature. Curr Opin 
Psychiatr. 2020;33:233-244.

	 3.	 Wang R, Xue D, Liu Y, et al. The relationship between urban-
ization and depression in China: the mediating role of neigh-
borhood social capital. Int J Equity Health. 2018;17:105.

	 4.	 National Bureau of Statistics of China. China annual data. 
http://www.stats.gov.cn/tjsj/ndsj/2019/indexch.htm. Published 
2019. Accessed February 27, 2020.

	 5.	 World Health Organization. Facts Sheet on Depression. 
https://www.who.int/news-room/fact-sheets/detail/depression. 
Published 2020. Accessed February 27, 2020.

	 6.	 Hu Y, Li P, Martikainen P. Rural-urban disparities in age trajec-
tories of depression caseness in later life: the China health and 
retirement longitudinal study. PLoS One. 2019;14:e0215907.

	 7.	 World Health Organization. Mental health in China. https://
www.who.int/china/health-topics/mental-health. Published 
2020. Accessed February 27, 2020.

	 8.	 Kessler RC, Berglund P, Demler O, et al. The epidemiology 
of major depressive disorder: results from the national comor-
bidity survey replication (NCS-R). JAMA. 2003;289:3095.

	 9.	 Lecic-Tosevski D. Is urban living good for mental health? Curr 
Opin Psychiatr. 2019;32:204-209.

	10.	 Pun VC, Manjourides J, Suh HH. Close proximity to roadway 
and urbanicity associated with mental ill-health in older adults. 
SCI Total Environ. 2019;658:854-860.

	11.	 Bezold CP, Banay RF, Coull BA, et  al. The relationship 
between surrounding greenness in childhood and adolescence 
and depressive symptoms in adolescence and early adulthood. 
Ann Epidemiol. 2018;28:213-219.

	12.	 Generaal E, Timmermans EJ, Dekkers JEC, et al. Not urbaniza-
tion level but socioeconomic, physical and social neighbour-
hood characteristics are associated with presence and severity 
of depressive and anxiety disorders. Psychol Med. 2019;49: 
149-161.

Appendix II.  Association between depression and urbanization level (POLS regression results).

Urbanization

Depression

Population 
density

GDP per 
capita

Secondary/tertiary industry as 
percentage to GDP

  low 1 1 1
  mid-low −0.0509*** −0.0588*** −0.0140
  middle −0.0854*** −0.1064*** −0.0900***
  mid-high −0.1007*** −0.1403*** −0.1220***
  high −0.1187*** −0.1638*** −0.1535***
Gender
  Female 1 1 1
  Male −0.0999*** −0.1027*** −0.1030***
Age 0.0120*** 0.0121*** 0.0114***
Age2 −0.0001*** −0.0001*** −0.0001***
Education
  Illiteracy 1 1 1
  Can read −0.002 0.0109 0.0101
  Primary school −0.0504*** −0.0376*** −0.0400***
  Junior high school and above −0.1212*** −0.1062*** −0.1044***
Martial status
  Other 1 1 1
  Married −0.0935*** −0.0925*** −0.0944***
Work status
  0 1 1 1
  1 0.0274*** 0.0040 0.0083
  2 −0.0652*** −0.0707*** −0.0637***

https://orcid.org/0000-0003-2931-3791
https://population.un.org/wup/Publications/Files/WUP2018-Report.pdf
https://population.un.org/wup/Publications/Files/WUP2018-Report.pdf
http://www.stats.gov.cn/tjsj/ndsj/2019/indexch.htm
https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/china/health-topics/mental-health
https://www.who.int/china/health-topics/mental-health


He et al.	 9

	13.	 Generaal E, Hoogendijk EO, Stam M, et  al. Neighbourhood 
characteristics and prevalence and severity of depression: 
pooled analysis of eight Dutch cohort studies. Br J Psychiatry. 
2019;215:468-475.

	14.	 Bui QT, Vu LT, Tran DM. Trajectories of depression in ado-
lescents and young adults in Vietnam during rapid urbanisa-
tion: evidence from a longitudinal study. J Child Adolesc Ment 
Health. 2018;30:51-59.

	15.	 Arvind BA, Gururaj G, Loganathan S, et  al. Prevalence and 
socioeconomic impact of depressive disorders in India: multi-
site population-based cross-sectional study. BMJ Open. 2019; 
9:e027250.

	16.	 Galea S, Freudenberg N, Vlahov D. Cities and population 
health. Soc Sci Med. 2005;60:1017-1033.

	17.	 Galea S, Bresnahan M, Susser E. Mental health in the city. In: 
Freudenberg N, Galea S, Vlahov D, eds. Cities and the Health 
of the Public. 1st ed. Nashville, TN: Vanderbilt University 
Press; 2006:247-273.

	18.	 Hu Y, Li P, Martikainen P. Rural-urban disparities in age trajec-
tories of depression caseness in later life: the china health and 
retirement longitudinal study. PLoS One. 2019;14:e0215907.

	19.	 Hou B, Nazroo J, Banks J, et al. Are cities good for health? A 
study of the impacts of planned urbanization in China. Int J 
Epidemiol. 2019;48:1083-1090.

	20.	 Zhang L, Xu Y, Nie H, et  al. The prevalence of depressive 
symptoms among the older in China: a meta-analysis: the 
prevalence of depressive symptoms. Int J Geriatr Psychiatry. 
2012;27:900-906.

	21.	 Wang R, Feng Z, Liu Y, et al. Relationship between neighbour-
hood social participation and depression among older adults: 
a longitudinal study in China. Health Soc Care Community. 
2020;28:247-259.

	22.	 Zhao Y, Hu Y, Smith JP, et al. Cohort profile: the china health 
and retirement longitudinal study (CHARLS). Int J Epidemiol. 
2014;43:61-68.

	23.	 Boey K. Cross-validation of a short form of the CES-D in 
Chinese elderly. Int J Geriatr Psych. 1999;14:608-617.

	24.	 Qian J, Li N, Ren X. Obesity and depressive symptoms among 
Chinese people aged 45 and over. Sci Rep. 2017;7:45637.

	25.	 Gong P, Liang S, Carlton EJ, et al. Urbanisation and health in 
China. Lancet. 2012;379:843-852.

	26.	 Yuan J, Lu Y, Ferrier RC, et al. Urbanization, rural develop-
ment and environmental health in China. Environ Dev. 2018; 
28:101-110.

	27.	 Glaeser E. Cities, productivity, and quality of life. Science. 
2011;333:592-594.

	28.	 Li Y, Li Y, Zhou Y, et al. Investigation of a coupling model 
of coordination between urbanization and the environment. J 
Environ Manage. 2012;98:127-133.

	29.	 Jones-Smith JC, Popkin BM. Understanding community con-
text and adult health changes in China: development of an 
urbanicity scale. Soc Sci Med. 2010;71(8):1436-1446.

	30.	 Van de Poel E, O’Donnell O, Van Doorslaer E. Urbanization 
and the spread of diseases of affluence in China. Econ Hum 
Biol 2009;7(2):200-216.

	31.	 Chen M, Lu D, Zhang H. Comprehensive evaluation and 
the driving factors of China’s urbanization. Acta Geogr Sin. 
2009;64(4):387-398.

	32.	 Kiely KM, Brady B, Byles J. Gender, mental health and age-
ing. Maturitas. 2019;129:76-84.

	33.	 Williams L, Zhang R, Packard KC. Factors affecting the phys-
ical and mental health of older adults in China: the importance 
of marital status, child proximity, and gender. SSM Popul 
Health. 2017;3:20–36.

	34.	 Niemeyer H, Bieda A, Michalak J, et al. Education and mental 
health: do psychosocial resources matter? SSM Popul Health. 
2019;7:100392.

	35.	 Rautio N, Filatova S, Lehtiniemi H, et al. Living environment 
and its relationship to depressive mood: a systematic review. 
Int J Soc Psychiatry. 2018;64:92-103.

	36.	 National Health Commission of China. Statistical bulletin on 
the development of health and family planning in China in 
2016. http://www.stats.gov.cn/tjsj/ndsj/2019/indexch.htm. 
Published 2017. Accessed February 27, 2020.

	37.	 Hu X, Rohrbaugh R, Deng Q, et  al. Expanding the mental 
health workforce in china: narrowing the mental health service 
gap. PS. 2017;68:987-989.

	38.	 Yang F, Lou VWQ. Childhood adversities, urbanisation and 
depressive symptoms among middle-aged and older adults: 
evidence from a national survey in China. Ageing Soc. 2016; 
36:1031-1051.

	39.	 Godfrey R, Julien M. Urbanization and health. Clin Med 
(Lond). 2005;5:137-141.

	40.	 Moore M, Gould P, Keary BS. Global urbanization and impact 
on health. Int J Hyg Environ Health. 2003;206:269-278.

	41.	 Krieger J, Higgins DL. Housing and health: time again for 
public health action. Am J Public Health. 2002;92:758-768.

	42.	 Galea S, Vlahov D. Urban health: evidence, challenges, and 
directions. Annu Rev Public Health. 2005;26:341-365.

	43.	 Chen J, Chen S, Landry P. Urbanization and mental health in 
china: linking the 2010 population census with a cross-sectional 
survey. IJERPH. 2015;12:9012-9024.

	44.	 Hayzoun H, Garnier C, Durrieu G, et al. Impact of rapid urban-
isation and industrialisation on river sediment metal contami-
nation. Environ Monit Assess. 2014;186:2851-2865.

	45.	 Friel S, Marmot M, McMichael AJ, et al. Global health equity 
and climate stabilisation: a common agenda. Lancet. 2008;372: 
1677-1683.

	46.	 Gasana J, Dillikar D, Mendy A, et al. Motor vehicle air pol-
lution and asthma in children: a meta-analysis. Environ Res. 
2012;117:36-45.

	47.	 Nambiar D, Razzak J, Afsana K, et al. Mental illness and inju-
ries: emerging health challenges of urbanisation in South Asia. 
BMJ. 2017;j1126.

	48.	 Saravanan VS, Ayessa Idenal M, Saiyed S, et al. Urbanization 
and human health in urban India: institutional analysis of 
water-borne diseases in Ahmedabad. Health Policy Plan. 2016; 
31:1089-1099.

	49.	 Harpham T. Urban health in developing countries: what do we 
know and where do we go? Health Place. 2009;15:107-116.

	50.	 Harpham T. Urbanization and mental health in developing 
countries: a research role for social scientists, public health 
professionals and social psychiatrists. Soc Sci Med. 1994;39: 
233-245.

	51.	 Elgar FJ, Arlett C, Groves R. Stress, coping, and behavioural 
problems among rural and urban adolescents. J Adolescence. 
2003;26:574-585.

	52.	 Cui X, Rockett IR, Yang T, et al. Work stress, life stress, and 
smoking among rural–urban migrant workers in China. BMC 
Public Health. 2012;12:979.

http://www.stats.gov.cn/tjsj/ndsj/2019/indexch.htm

