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Abstract: The effects of long-term urbanization changes in obesity are unclear. Data were obtained
from the China Health and Nutrition Survey (CHNS) 1989–2018. A multidimensional urbanicity
index was used to define the urbanization level for communities. Group-based trajectory modeling
was used to identify distinct urbanization change trajectories. Gender-stratified multilevel models
were used to investigate the association between urbanization trajectories and weight/BMI, through
the PROC MIXED procedure, as well as the risk of being overweight + obesity (OO)/obesity (OB),
through the PROC GLIMMIX procedure. A total of three patterns of the trajectory of change in
urbanization were identified in 304 communities (with 1862 measurements). A total of 25.8% of
communities had a low initial urbanization level and continuous increase (termed “LU”), 22.2% of
communities had a low–middle initial urbanization level and constant increase (termed “LMU”),
and 52.0% of communities had a middle–high initial urbanization and significant increase before
2009, followed by a stable platform since then (termed “MHU”). During the 30 follow-up years, a
total of 69490 visits, contributed by 16768 adult participants, were included in the analysis. In the
period, weight and BMI were observed in an increasing trend in all urbanization trajectory groups,
among both men and women. Compared with LU, men living in MHU were related to higher
weight, BMI, and an increased risk of OO (OR: 1.46, 95%CI: 1.26 to 1.69). No significant associations
were found between urbanization trajectories and OB risk in men. Among women, the associations
between urbanization and all obesity indicators became insignificant after controlling the covariates.
Obesity indicators increased along with urbanization in the past thirty years in China. However,
the differences among urbanization trajectories narrowed over time. More urbanized features were
only significantly associated with a higher risk of obesity indicators in Chinese men. The effects of
urbanization on obesity among women were buffered.

Keywords: urbanization; trajectory; group-based trajectory modeling; obesity; BMI; weight

1. Introduction

Since the population residing in urban areas is increasing rapidly worldwide, the
influence of urban features on health has greater importance [1,2]. Urbanization is defined
as urban population size or density and usually explores the association of health by an
urban–rural dichotomy [3,4]. This simple classification, thereby, misses sectors that are
in an urban environment and have a potential influence on health, such as infrastructure,
social service, communications, and housing. In recent years, multi-dimension indexes
were used to indicate the extent of urbanization [5,6], which may provide broader insights.

Obesity was considered a result of modern environments, coupled with inactive
lifestyles and energy-dense diets, and became a growing public health challenge in both
China and the world [7–9]. With rapid urbanization in the past three decades, since the
1990s, obesity has increased tremendously in China [10].
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Studies exploring the association between urbanization and obesity provided mixed
results. Unlike other developing countries, where obesity increased more in urban areas [11,12],
China showed higher obesity prevalence and a faster increase in rural versus urban areas
for years [1,13]. It could be hypothesized that the population in less or more urbanized areas
may have progressed in nutrition and lifestyle transitions at different rates [14,15]. Due to the
rapid development of the economy since the 1990s, China provided a unique opportunity to
explore the association between urbanization and obesity.

However, the bulk of the literature was based on the stable classification of urbaniza-
tion [16–18] and was, thus, unable to obtain the association between dynamic changes in
urban features and obesity. Our study extended the previous findings on the association of
urbanization and obesity in the following aspects. We used a continuous, validated urban-
icity index that captured 12 dimensions of urban features [19], which may provide more
nuanced aspects of urbanization than the simple rural–urban dichotomy. Furthermore,
instead of a fixed definition of urbanization, we used group-based trajectory modeling to
identify distinct groups with similar underlying trajectories of urbanicity index [20].

To provide scientific evidence for the association between long-term changes in ur-
banization and obesity outcomes, we used thirty years of data from a large nationwide
cohort study, the China Health and Nutrition Survey (1989–2018). We hypothesized that
populations residing in communities with different urbanization trajectories may have
variable risks of obesity. Gender disparities were also explored in this paper to examine
whether men and women cope with urbanization differently.

2. Materials and Methods
2.1. Data

We used data from the China Health and Nutrition Survey (CHNS) (1989–2018), an
ongoing longitudinal cohort study, which aims to explore the influences of social changes
on population health in China. Eleven waves of surveys were sequentially conducted in
1989, 1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011, 2015, and 2018. The coverage increased
from 8 provinces in 1989 to 16 provinces in 2018. The CHNS used a multistage, random
cluster sampling method to select 24 communities from each province. Then, 20 households
were selected in each community. All individuals in the households were interviewed in
the survey. Detailed procedures and the study design were published elsewhere [21,22].

2.2. Sample Selection

To describe urbanization trajectories, we confined the trajectory analysis to 304 communi-
ties with urbanization measures in three and more waves of surveys. The individual analysis
sample was limited to adults aged 18 to 64 years old, having at least two survey visits with
complete height and weight measurements, excluding pregnant women (n = 518 visits). The
size of analytic participants by number of repeat visits was presented (two visits, n = 5421;
three visits, n = 3472; four visits, n = 2024; five visits, n = 1556; six visits, n = 1288; seven visits,
n = 1054; eight visits, n = 903; nine visits, n = 607; ten visits, n = 310; and eleven visits, n = 133;
total n = 16,768 participants, across 69,490 visits).

2.3. Urbanization Trajectories

A validated 12-component urbanization index was used to capture the degree of
urbanization in the communities. The index was developed specifically for the CHNS,
combining individual- and community-level data to represent multicomponent domains
that could distinguish the urban features in China. The scale included the following com-
ponents: (1) population density; (2) economic activities; (3) traditional markets; (4) modern
markets; (5) transportation; (6) sanitation; (7) communications; (8) housing; (9) education;
(10) community diversities in education and income level; (11) health infrastructure; and
(12) social services. The points were allocated in each of the above 12 domains, with a
possible total range of 0–120. The higher score reflected more urban features across the
multiple domains.
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In the present study, patterns of change in urbanization were identified using group-
based trajectory modeling, a method that has recently been used to identify distinct groups
with similar trajectories in epidemiological data [23,24]. Group-based modeling was con-
ducted using SAS version 9.4 (SAS Institute, Cary, NC, USA), with the TRAJ procedure.
The following criteria were used to determine the best fit models: (1) lowest Bayesian infor-
mation criterion and (2) inclusion of at least 5% of the sample size. Once the urbanization
trajectories were determined, the communities were assigned to the class with the highest
posterior probability. Trajectory membership was then used as an indicator variable in the
main analyses.

2.4. Dependent Variables

Height and weight were measured by trained physicians and nurses in each survey,
according to the same protocols. Height, without shoes, to the nearest 0.1 cm, was measured
by a portable SECA stadiometer (SECA, Hamburg, Germany). Body weight was measured,
without shoes and with light clothing, to the nearest 0.1 kg, by a calibrated beam scale.

To examine the impacts of urbanization trajectories on obesity, we used weight (kg)
and BMI (kg/m2) as the continuous dependent variables, as well as overweight + obesity
(OO, BMI ≥ 24 kg/m2) and obesity (OB, BMI ≥ 28 kg/m2) as the categorical dependent
variables [25].

2.5. Covariates

We included the following sociodemographic and behavior factors as covariates in
our analyses: survey year, age (18–29, 30–44, and 45–64 years) [26], gender (men and
women), education level (primary school or less, junior high school, senior high school,
and postsecondary), current smoking (yes or no), alcohol drinking in the past year (yes
or no), household income per capita (inflated to 2018 and categorized into tertiles), and
entry weight (kg)/BMI (kg/m2). The daily energy intake was estimated by combination of
household inventory weighing and individual 24-h dietary recall for three consecutive days
and then was categorized into tertiles (low, medium, and high). Furthermore, we derived
weekly physical activity (PA) measures from a detailed seven-day PA recall assessment
to calculate the metabolic equivalent of task hours per week and then categorized them
into tertiles (low, medium, and high). All of the covariates included in our analyses were
time-varying, except for gender.

2.6. Statistical Analysis

The identification of urbanization trajectories was through the SAS PROC TRAJ proce-
dure, using the censored normal model. We described demographic characteristics of entry
sample by gender using mean ± sd for continuous variables and proportion for binary
and categorical variables. Predicted weight/BMI by urbanization trajectories in men and
women were generated from multilevel mixed models, respectively, controlled for survey
year, education level, smoke, drinking, age, income, dietary energy intake, physical activity,
entry age, and entry weight/BMI.

Gender-stratified multilevel mixed-effect regression models were then used to in-
vestigate the association between urbanization trajectories and weight/BMI through the
PROC MIXED procedure in SAS, as well as the risk of being OO/OB through the PROC
GLIMMIX procedure. We used steps for adjustment; the crude model (Model 1) only
included urbanization trajectories (ref = ”LU” trajectory). Then, two adjusted models were
built: (1) Model 2 was additionally adjusted for socioemographic, lifestyle, and dietary
covariates, including survey year, education level, smoke, drinking, age, income, dietary
energy intake, and physical activity, based on Model 1; (2) Model 3 was further adjusted
for initial covariates, including entry age and entry weight/BMI, based on Model 2.

All statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA).
Two-tailed p < 0.05 was considered statistically significant.
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3. Results
3.1. Urbanization Trajectories

Among 304 communities, with 1862 urbanization measurements, we identified three
distinct trajectories of change in the urbanicity index (Figure 1), according to the highest
posterior probability. The first trajectory (labeled “1”), characterized by a low initial
urbanization level and continuous increase during the follow-up period, was termed “LU”,
which represented 25.8% of communities. The second trajectory (labeled “3”), characterized
by a low–middle initial urbanization level and constant increase, was termed “LMU”, which
represented 22.2% of communities. The last trajectory (labeled “2”) was characterized by a
middle–high initial urbanization and significant increase before 2009, followed by a stable
platform since then, was termed “MHU”, which represented 52.0% of communities.
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Figure 1. Trajectory modeling identified three urbanization patterns.

3.2. Characteristics of Entry Participants

The analytic individuals were 16,768 persons, including 8094 men and 8674 women
(Table 1). The mean age of participants at the baseline survey was 36.99 ± 12.31 years.
The initial weight and BMI were 58.73 ± 10.72 kg and 22.4 ± 3.23 kg/m2, respectively.
Almost 77% of the participants were enrolled in the first survey before 2009, and only
22.66% of individuals participated in the first survey after 2009. About 27.11%, 24.78%, and
48.12% of participants lived in LU, LMU, and MHU communities, respectively. In the entry
sample, 26.93% of participants were defined as OO, with a BMI ≥ 24 kg/m2, and 5.81%
were defined as OB, with a BMI ≥ 28 kg/m2.

3.3. Association between Urbanization Trajectories and Weight and BMI by Genders

Table 2 shows the results of the multilevel mixed regression models, investigating
the association between urbanization trajectories and weight/BMI in men and women
separately. For men, only the MHU trajectories were found to be associated with higher
weight, compared to LU after adjusting for potential covariates, including entry age and
entry weight. LMU trajectory was not significantly associated with weight in men. Similar
findings were found for BMI in men. According to the results, the weight and BMI of
men living in MHU communities was 0.61 kg and 0.19 kg/m2 higher than those living
in LU trajectory communities (p < 0.05). For women, after controlling for all the covari-
ates, no significant associations with weight/BMI were shown in both LMU and MHU
trajectory patterns.
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Table 1. Demographic characteristics of the baseline sample by gender.

Men Women Overall

N 8094 8674 16,768
Age (years) 36.79 ± 12.63 37.17 ± 12 36.99 ± 12.31
Weight (kg) 62.69 ± 10.85 55.03 ± 9.17 58.73 ± 10.72

BMI (kg/m2) 22.33 ± 3.18 22.46 ± 3.28 22.4 ± 3.23
Entry year (%)

1989 26.77 27.07 26.93
1991 18.16 16.46 17.28
1993 3.98 2.7 3.32
1997 12.64 11.53 12.06
2000 7.34 7.98 7.67
2004 6.6 7.02 6.82
2006 3.32 3.2 3.26
2009 5.91 6.41 6.17
2011 10.75 11.72 11.25
2015 4.53 5.9 5.24

Urbanization trajectories (%)
LU 28.07 26.2 27.11

LMU 25.17 24.42 24.78
MHU 46.76 49.38 48.12

a OO (%) 25.91 27.88 26.93
b OB (%) 5.76 5.86 5.81

a OO was defined as BMI ≥ 24 kg/m2; b OB was defined as BMI ≥ 28 kg/m2. The continuous variables (age,
weight, and BMI) were expressed as mean ± sd.; abbreviations: BMI, body mass index; LU, low urbanization;
LMU, low–middle urbanization; MHU, middle–high urbanization; OO, overweight; OB, obesity.

Table 2. Multilevel mixed regression estimates, examining weight and BMI by gender.

Urbanization
Trajectories

Weight BMI

Model 1 Model 2 Model 3 a Model 1 Model 2 Model 3 b

Men
LU (ref) 0 0 0 0 0 0

LMU 1.64 * 1.11 * 0.19 0.44 * 0.30 * 0.10
MHU 5.52 * 4.17 * 0.61 * 1.17 * 0.81 * 0.19 *

Women
LU (ref) 0 0 0 0 0 0

LMU 1.27 * 1.05 * 0.27 0.30 * 0.29 * 0.11
MHU 2.80 * 2.31 * 0.21 0.45 * 0.47 * 0.03

Model 1 includes urbanization trajectories only; Model 2 includes survey year, education level, smoke, drinking,
age, income, dietary energy intake, and physical activity, based on Model 1; Model 3 a includes entry age and
entry weight on Model 2; Model 3 b includes entry age and entry BMI on Model 2; *, p < 0.05; abbreviations: BMI,
body mass index; LU, low urbanization; LMU, low–middle urbanization; MHU, middle–high urbanization.

To facilitate the interpretation of the model findings, we predicted weight (Figure 2a,b)
and BMI values (Figure 2c,d) by urbanization trajectories in men and women. We observed
that the predicted weight and BMI increased during the past decades in all urbanization
trajectory groups among Chinese adults. However, the differences seemed to be unclear,
especially for women. We found that men living in MHU communities were more likely to
have higher weight and BMI during the overall follow-up years (p < 0.05). The predicted
weight/BMI in men showed no significant differences between LMU and LU communities.
Furthermore, we also observed no significant differences in urbanization trajectories in
women. An interesting point is that, since 2011, women living in LMU communities have
seemed to have a higher BMI than those living in LU and MHU areas.
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3.4. Association between Urbanization Trajectories and Overweight + Obesity and Obesity
by Genders

Considering the potential covariates, the multilevel mixed regression results (Table 3)
showed that, compared with LU trajectory, MHU trajectory was associated with a higher
risk of OO in men (OR: 1.46, 95%CI: 1.26 to 1.69, p < 0.05). No significant associations were
shown between urbanization trajectories and OB in men (p > 0.05). In women, the associations
between urbanization trajectories with neither OO nor OB were significant (p > 0.05).

Table 3. Multilevel mixed regression analysis of associations between urbanization trajectories and
risk of obesity by gender.

Urbanization
Trajectories

OO (BMI ≥ 24 kg/m2) OB (BMI ≥ 28 kg/m2)

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Men
LU (ref) 1 1 1 1 1 1

LMU 1.35(1.18,1.55) * 1.22(1.05,1.42) * 1.14(0.98,1.31) 1.56(1.29,1.89) * 1.36(1.11,1.66) * 1.22(0.99,1.52)
MHU 2.53(2.24,2.85) * 1.97(1.70,2.27) * 1.46(1.26,1.69) * 2.13(1.80,2.52) * 1.60(1.31,1.96) * 1.09(0.87,1.35)

Women
LU (ref) 1 1 1 1 1

LMU 1.15(1.00,1.32) * 1.17(1.01,1.35) * 1.07(0.93,1.22) 1.21(1.01,1.45) * 1.24(1.02,1.50) * 1.05(0.85,1.29)
MHU 1.35(1.20,1.52) * 1.44(1.24,1.66) * 1.10(0.95,1.27) 1.35(1.15,1.58) * 1.49(1.23,1.81) * 1.03(0.83,1.27)

Model 1 only includes urbanization trajectories; Model 2 includes survey year, education level, smoke, drinking,
age, income, dietary energy intake, and physical activity, based on Model 1; Model 3 includes entry age and entry
BMI on Model 2; *, p < 0.05.
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4. Discussion
4.1. Main Findings

China has experienced rapid economic growth since the 1980s. In the current study,
we investigated the urbanization change in Chinese communities using group-based trajec-
tory modeling, based on a thirty-year longitudinal study. Three patterns of urbanization
trajectories were identified. During the past decades, rapid urbanization was observed in
Chinese communities, no matter whether the initial urbanization level was low, middle, or
high. It is worth noting that the “MHU trajectory”, which contributed to about half of the
community sample, had a rapid increase in urbanization before 2009 and kept stable in the
following years. Meanwhile, the “LU trajectory” and “LMU trajectory” communities also
had a significant increase in urbanization and, finally, reached the initial level of “LMU
trajectory” and “MHU trajectory”, respectively. This implies that nutrition and lifestyle
changes, as well as the increasing chronic diseases burden, accompanied with urbanization,
will be observed in less urbanized areas in the future.

We hypothesized that the role of urbanization in the burden of obesity was patterned
by gender. The results we found in the present study suggested that living in communities
with more urban features was positively related to higher weight and BMI, as well as
an increased risk of OO and OB. However, the associations observed in women were
attenuated after adjusting for the initial weight/BMI and baseline age. It was still observed
that living in MHU communities significantly increased the risk of OO in Chinese men,
even after adjusting for baseline age and BMI.

4.2. Comparison with Previous Studies

In developed countries, obesity prevalence was reported as higher in less urbanized
communities than in more urbanized communities [27,28]. A similar trend was also
observed in some developing countries in recent years [29,30]. It was shown that more
than 80% of the rise in BMI in some low- and middle-income regions was due to increases
in rural areas, which became the main driver of the global obesity epidemic [31]. Increasing
urbanicity, which defined according to a multi-component scale, was found to be associated
with a high body mass index in rural communities in Uganda [32]. Obesity and related
chronic diseases have increased as one of the major health burdens shifting towards the
poor [33]. The general hypothesis of increasing obesity in developing countries was the
rapid transition in physical activity and diet behaviors, as well as the overall food system
with urbanization [34–36].

Urbanization is a dramatic process and may result in divergent influences on health at
different stages. Increasing urbanization was found to reduce carbohydrate consumption
consistently and reduce fat consumption after a turning point [37]. Abdominal adiposity in
China was found to be positively associated with urbanization in the 1990s and changed
to a negative association in the 2000s [1]. Another study indicated that the association of
urbanization with hypertension was also not linear, which meant higher urbanization, to
some extent, might turn out to be a protective factor [2]. Changes in early urabanizing
stage on community food environment, such as increasing availability of restaurants and
supermarkts, as well as community norms for fast food consumption [38], may be one of
the explanations for the obesity challenge. However, the effect of urbanization on health
varied by social and geographic space across gender.

With the “urban–rural coordination development” strategy, proposed by the Chinese
central government, rural residents’ living in China improved dramatically [37,39]. They
also experienced the rapid transition towards energy-dense diets and lower physical
activities, which implied a narrowing gap in the risk of obesity with more urbanized
areas [40–43]. Influences of urbanization on food consumption were found to be both
indirect and multidimensional [44]. Evidence of income buffering the transition from
traditional to modern diets could be one of the potential explanations for limited urban–
rural differences in Western diet behaviors at the later stages of urbanization [45].
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Unlike the results found in the Western population [27] (in which prevalence of obesity
was only significantly greater among women living in nonmetropolitan statistical areas,
compared with women living in large metropolitan statistical areas, while the prevalence
of severe obesity in nonmetropolitan statistical areas was higher than in large metropolitan
statistical areas among both men and women), in the current study, we obtained a higher
risk of OO among men living in areas with more urbanized features than those in less
urbanized areas, while there were no significant differences by urbanization trajectories
among women. The consecutive nationally reprehensive surveys in China also indicated
that the mean BMI in 2018 was already higher in rural than urban women but still remained
lower in rural men [8].

Given that the association between urbanization and risk of OO remained statistically
significant in men, after adjusting for demographic-, nutrition-, and lifestyle-related factors,
it may stem from the hypothesis that other aspects of more urbanization environments
may be associated with an increased risk of obesity among men. However, we could not
conclude similar findings for women, as the positive relationship in women shifted to
insignificant, after adjusting the initial obesity indicators, which implied that women might
take potential behavior modifications during the urbanized period.

4.3. Strengths and Limitations

There are some limitations to this study. First, we used the urbanicity index to demon-
strate the urbanization level in the current study, which was specifically developed and
validated in the China Health and Nutrition Survey and, thus, could not be directly applied
in other studies and compared with similar results obtained worldwide. Additionally, the
index cannot capture the current rapid transition and needs to be updated in the future.
Second, limited research on rapid urbanization and obesity makes these findings difficult
to compare with other studies.

Despite the above limitations, this study extends the previous knowledge on urban-
ization and obesity in developing countries. In many ways, the detailed thirty-year CHNS,
with eleven repeated measures, provides a remarkable window through which to under-
stand urbanization-related changes in other low- and middle-income countries (LMICs).
Specifically, we observed the long-term trajectories of urbanization in China and explored
the different associations with obesity indicators across gender. It is meaningful for poli-
cymakers to develop specific and effective initiatives for obesity issues, accompanied by
rapid urbanization, in different populations.

Authors should discuss the results and how they can be interpreted from the perspec-
tive of previous studies and the working hypotheses. The findings and their implications
should be discussed in the broadest context possible. Future research directions may also
be highlighted.

5. Conclusions

China has experienced rapid urbanization in the past 30 years. Our results indicate
gender disparities of obesity risk in the urbanization period. Living in MHU communities
was associated with higher weight/BMI and increased odds of OO among Chinese men.
The present study adds to our understanding that higher urbanized features may be more
challenging for healthy weight among men than women in China. On the one hand, the
rural population, especially rural women, needs more attention for their rapid increase
in obesity indicators at a similar, or even faster rate, than women in urban areas. Other
obesity-related chronic diseases should be explored, in relation to urbanization, in the
future to address more health risks and vulnerable populations in modernizing China.

Author Contributions: Conceptualization, W.D., H.W. and B.Z.; methodology, W.D.; software, W.D.;
validation, C.S., X.J. and W.D.; formal analysis, W.D.; investigation, W.D., C.S., X.J. and H.W.; writing—
original draft preparation, W.D.; writing—review and editing, W.D. and H.W.; supervision, B.Z.;
project administration, H.W. and B.Z. All authors have read and agreed to the published version of
the manuscript.



Int. J. Environ. Res. Public Health 2022, 19, 1943 9 of 11

Funding: This research used data from the China Health and Nutrition Survey (CHNS). We are
grateful for the research grant funding from the National Institutes of Health (NIH) (R01-HD30880,
DK056350, R24 HD050924, and R01-HD38700); the NIH Fogarty International Center (5D43TW007709
and 5D43TW009077) for financial support for the CHNS data collection and analysis files from 1989 to
2011; and the Carolina Population Center (5 R24 HD050924), University of North Carolina at Chapel Hill.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Committees of the University of North Carolina
at Chapel Hill (UNC-CH) and the National Institute for Nutrition and Health, the Chinese Center for
Disease Control and Prevention.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: The authors are grateful to the participants for their involvement in the survey.
The authors also thank the team at the National Institute for Nutrition and Health, the Chinese Center
for Disease Control and Prevention, and the Carolina Population Center, the University of North
Carolina at Chapel Hill.

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

References
1. Inoue, Y.; Howard, A.G.; Thompson, A.L.; Gordon-Larsen, P. Secular change in the association between urbanisation and

abdominal adiposity in China (1993–2011). J. Epidemiol. Community Health 2018, 72, 484–490. [CrossRef] [PubMed]
2. Wu, J.; Chen, J.; Li, Z.; Jiao, B.; Muennig, P. Spatiotemporal Variation of the Association between Urbanicity and Incident

Hypertension among Chinese Adults. Int. J. Environ. Res. Public Health 2020, 17, 304. [CrossRef] [PubMed]
3. Dong, Y.; Ma, Y.; Dong, B.; Zou, Z.; Hu, P.; Wang, Z.; Yang, Y.; Song, Y.; Ma, J. Geographical variation and urban-rural disparity of

overweight and obesity in Chinese school-aged children between 2010 and 2014: Two successive national cross-sectional surveys.
BMJ Open 2019, 9, e025559. [CrossRef]

4. Zhao, Y.; Xu, X.; Dupre, M.E.; Xie, Q.; Qiu, L.; Gu, D. Individual-level factors attributable to urban-rural disparity in mortality
among older adults in China. BMC Public Health 2020, 20, 1472. [CrossRef] [PubMed]

5. Jiamjarasrangsi, W.; Aekplakorn, W.; Vimolkej, T. Validation and comparison study of three urbanicity scales in a Thailand
context. BMC Public Health 2016, 16, 34. [CrossRef] [PubMed]

6. Novak, N.L.; Allender, S.; Scarborough, P.; West, D. The development and validation of an urbanicity scale in a multi-country
study. BMC Public Health 2012, 12, 530. [CrossRef] [PubMed]

7. Lao, X.Q.; Ma, W.J.; Sobko, T.; Zhang, Y.H.; Xu, Y.J.; Xu, X.J.; Yu, D.M.; Nie, S.P.; Cai, Q.M.; Xia, L.; et al. Overall obesity is
leveling-off while abdominal obesity continues to rise in a Chinese population experiencing rapid economic development:
Analysis of serial cross-sectional health survey data 2002–2010. Int. J. Obes. 2015, 39, 288–294. [CrossRef]

8. Wang, L.; Zhou, B.; Zhao, Z.; Yang, L.; Zhang, M.; Jiang, Y.; Li, Y.; Zhou, M.; Wang, L.; Huang, Z.; et al. Body-mass index and
obesity in urban and rural China: Findings from consecutive nationally representative surveys during 2004–18. Lancet 2021, 398,
53–63. [CrossRef]

9. Jaacks, L.M.; Vandevijvere, S.; Pan, A.; McGowan, C.J.; Wallace, C.; Imamura, F.; Mozaffarian, D.; Swinburn, B.; Ezzati, M. The
obesity transition: Stages of the global epidemic. Lancet. Diabetes Endocrinol. 2019, 7, 231–240. [CrossRef]

10. Wang, Y.; Xue, H.; Sun, M.; Zhu, X.; Zhao, L.; Yang, Y. Prevention and control of obesity in China. Lancet. Glob. Health 2019, 7,
e1166–e1167. [CrossRef]

11. Siddiqui, S.T.; Kandala, N.B.; Stranges, S. Urbanisation and geographic variation of overweight and obesity in India: A cross-
sectional analysis of the Indian Demographic Health Survey 2005–2006. Int. J. Public Health 2015, 60, 717–726. [CrossRef]
[PubMed]

12. Thapa, R.; Dahl, C.; Aung, W.P.; Bjertness, E. Urban-rural differences in overweight and obesity among 25–64 years old Myanmar
residents: A cross-sectional, nationwide survey. BMJ Open 2021, 11, e042561. [CrossRef] [PubMed]

13. Huang, F.; Zhang, M.; Li, Y.; Li, Z.; Fang, J.; Guo, K. The longitudinal trajectory of body mass index in the Chinese population: A
latent growth curve analysis. PLoS ONE 2018, 13, e0207845. [CrossRef] [PubMed]

14. Yang, X.; Leung, W.Y.; Chen, Y.S.; Ouyang, Y.F.; Zhao, W.H. Recent Trends in Sedentary Behaviors among Chinese Children
According to Demographic and Social Characteristics. Biomed. Environ. Sci. 2021, 34, 593–605. [PubMed]

15. Sievert, K.; Lawrence, M.; Naika, A.; Baker, P. Processed Foods and Nutrition Transition in the Pacific: Regional Trends, Patterns
and Food System Drivers. Nutrients 2019, 11, 1328. [CrossRef] [PubMed]

16. Trivedi, T.; Liu, J.; Probst, J.; Merchant, A.; Jhones, S.; Martin, A.B. Obesity and obesity-related behaviors among rural and urban
adults in the USA. Rural Remote Health 2015, 15, 3267. [CrossRef] [PubMed]

http://doi.org/10.1136/jech-2017-210258
http://www.ncbi.nlm.nih.gov/pubmed/29514924
http://doi.org/10.3390/ijerph17010304
http://www.ncbi.nlm.nih.gov/pubmed/31906366
http://doi.org/10.1136/bmjopen-2018-025559
http://doi.org/10.1186/s12889-020-09574-9
http://www.ncbi.nlm.nih.gov/pubmed/32993592
http://doi.org/10.1186/s12889-016-2704-y
http://www.ncbi.nlm.nih.gov/pubmed/26762646
http://doi.org/10.1186/1471-2458-12-530
http://www.ncbi.nlm.nih.gov/pubmed/22818019
http://doi.org/10.1038/ijo.2014.95
http://doi.org/10.1016/S0140-6736(21)00798-4
http://doi.org/10.1016/S2213-8587(19)30026-9
http://doi.org/10.1016/S2214-109X(19)30276-1
http://doi.org/10.1007/s00038-015-0720-9
http://www.ncbi.nlm.nih.gov/pubmed/26198774
http://doi.org/10.1136/bmjopen-2020-042561
http://www.ncbi.nlm.nih.gov/pubmed/33653748
http://doi.org/10.1371/journal.pone.0207845
http://www.ncbi.nlm.nih.gov/pubmed/30475874
http://www.ncbi.nlm.nih.gov/pubmed/34474719
http://doi.org/10.3390/nu11061328
http://www.ncbi.nlm.nih.gov/pubmed/31200513
http://doi.org/10.22605/RRH3267
http://www.ncbi.nlm.nih.gov/pubmed/26458564


Int. J. Environ. Res. Public Health 2022, 19, 1943 10 of 11

17. Zhu, Z.; Tang, Y.; Zhuang, J.; Liu, Y.; Wu, X.; Cai, Y.; Wang, L.; Cao, Z.B.; Chen, P. Physical activity, screen viewing time, and
overweight/obesity among Chinese children and adolescents: An update from the 2017 physical activity and fitness in China-the
youth study. BMC Public Health 2019, 19, 197. [CrossRef]

18. Cohen, S.A.; Greaney, M.L.; Sabik, N.J. Assessment of dietary patterns, physical activity and obesity from a national survey:
Rural-urban health disparities in older adults. PLoS ONE 2018, 13, e0208268. [CrossRef]

19. Jones-Smith, J.C.; Popkin, B.M. Understanding community context and adult health changes in China: Development of an
urbanicity scale. Soc. Sci. Med. 2010, 71, 1436–1446. [CrossRef]

20. Nagin, D.S.; Odgers, C.L. Group-based trajectory modeling in clinical research. Annu. Rev. Clin. Psychol. 2010, 6, 109–138.
[CrossRef]

21. Popkin, B.M.; Du, S.; Zhai, F.; Zhang, B. Cohort Profile: The China Health and Nutrition Survey–monitoring and understanding
socio-economic and health change in China, 1989–2011. Int. J. Epidemiol. 2010, 39, 1435–1440. [CrossRef] [PubMed]

22. Zhang, B.; Zhai, F.Y.; Du, S.F.; Popkin, B.M. The China Health and Nutrition Survey, 1989–2011. Obes. Rev. 2014, 15 (Suppl. S1),
2–7. [CrossRef] [PubMed]

23. Kuwahara, K.; Yamamoto, S.; Honda, T.; Nakagawa, T.; Ishikawa, H.; Hayashi, T.; Mizoue, T. Improving and maintaining healthy
lifestyles are associated with a lower risk of diabetes: A large cohort study. J. Diabetes Investig. 2021. published online ahead of print.
[CrossRef] [PubMed]

24. Lee, B.; Levy, D.E.; Macy, J.T.; Elam, K.K.; Bidulescu, A.; Seo, D.C. Smoking trajectories from adolescence to early adulthood as a
longitudinal predictor of mental health in adulthood: Evidence from 21 years of nationally representative cohort. Addiction 2021.
Online ahead of print. [CrossRef] [PubMed]

25. Zhou, B.F.; Cooperative Meta-Analysis Group of the Working Group on Obesity in China. Predictive values of body mass index
and waist circumference for risk factors of certain related diseases in Chinese adults–study on optimal cut-off points of body
mass index and waist circumference in Chinese adults. Biomed. Environ. Sci. 2002, 15, 83–96. [PubMed]

26. Pierce, J.P.; White, M.M.; Messer, K. Changing age-specific patterns of cigarette consumption in the United States, 1992–2002:
Association with smoke-free homes and state-level tobacco control activity. Nicotine Tob. Res. 2009, 11, 171–177. [CrossRef]
[PubMed]

27. Hales, C.M.; Fryar, C.D.; Carroll, M.D.; Freedman, D.S.; Aoki, Y.; Ogden, C.L. Differences in Obesity Prevalence by Demographic
Characteristics and Urbanization Level Among Adults in the United States, 2013–2016. JAMA 2018, 319, 2419–2429. [CrossRef]

28. Feuillet, T.; Valette, J.F.; Charreire, H.; Kesse-Guyot, E.; Julia, C.; Vernez-Moudon, A.; Hercberg, S.; Touvier, M.; Oppert, J.M.
Influence of the urban context on the relationship between neighbourhood deprivation and obesity. Soc. Sci. Med. 2020,
265, 113537. [CrossRef]

29. Hu, Y.; Lin, W.; Tan, X.; Liu, Y.; Wen, Y.; Xing, Y.; Ma, Y.; Liu, H.; Song, Y.; Liang, J.; et al. Trends in urban/rural inequalities in
physical growth among Chinese children over three decades of urbanization in Guangzhou: 1985–2015. BMC Public Health 2020,
20, 1190. [CrossRef]

30. Martinchik, A.N.; Laikam, K.E.; Kozyreva, N.A.; Keshabyants, E.E.; Mikhailov, N.A.; Baturin, A.K.; Smirnova, E.A. The prevalence
of obesity in various socio-demographic groups of the population of Russia. Vopr Pitan 2021, 90, 67–76. [CrossRef]

31. NCD Risk Factor Collaboration (NCD-RisC). Rising rural body-mass index is the main driver of the global obesity epidemic in
adults. Nature 2019, 569, 260–264. [CrossRef] [PubMed]

32. Riha, J.; Karabarinde, A.; Ssenyomo, G.; Allender, S.; Asiki, G.; Kamali, A.; Young, E.H.; Sandhu, M.S.; Seeley, J. Urbanicity
and lifestyle risk factors for cardiometabolic diseases in rural Uganda: A cross-sectional study. PLoS Med. 2014, 11, e1001683.
[CrossRef] [PubMed]

33. Ying, X.; Yang, S.; Li, S.; Su, M.; Wang, N.; Chen, Y.; Jiang, Q.; Fu, C. Prevalences of metabolic syndrome and its sex-specific
association with socioeconomic status in rural China: A cross-sectional study. BMC Public Health 2021, 21, 2033. [CrossRef]
[PubMed]

34. Popkin, B.M. Synthesis and implications: China’s nutrition transition in the context of changes across other low- and middle-
income countries. Obes. Rev. 2014, 15 (Suppl. S1), 60–67. [CrossRef]

35. Burant, C.J. Latent Growth Curve Models: Tracking Changes Over Time. Int. J. Aging Hum. Dev. 2016, 82, 336–350. [CrossRef]
36. Wang, Y.; Wang, L.; Xue, H.; Qu, W. A Review of the Growth of the Fast Food Industry in China and Its Potential Impact on

Obesity. Int. J. Environ. Res. Public Health 2016, 13, 1112. [CrossRef]
37. Ren, Y.; Castro Campos, B.; Peng, Y.; Glauben, T. Nutrition Transition with Accelerating Urbanization? Empirical Evidence from

Rural China. Nutrients 2021, 13, 921. [CrossRef]
38. Wu, Y.; Xue, H.; Wang, H.; Su, C.; Du, S.; Wang, Y. The impact of urbanization on the community food environment in China. Asia

Pac. J. Clin. Nutr. 2017, 26, 504–513.
39. Sun, Q.; Li, X.; Rahut, D.B. Gender Differences in Nutritional Intake among Rural-Urban Migrants in China. Int. J. Environ. Res.

Public Health 2021, 18, 9821. [CrossRef]
40. Zhao, J.; Zuo, L.; Sun, J.; Su, C.; Wang, H. Trends and Urban-Rural Disparities of Energy Intake and Macronutrient Composition

among Chinese Children: Findings from the China Health and Nutrition Survey (1991 to 2015). Nutrients 2021, 13, 1933. [CrossRef]
41. Zhu, Z.; Yang, X.; Fang, Y.; Zhang, J.; Yang, Z.; Wang, Z.; Liu, A.; He, L.; Sun, J.; Lian, Y.; et al. Trends and Disparities of Energy

Intake and Macronutrient Composition in China: A Series of National Surveys, 1982–2012. Nutrients 2020, 12, 2168. [CrossRef]
[PubMed]

http://doi.org/10.1186/s12889-019-6515-9
http://doi.org/10.1371/journal.pone.0208268
http://doi.org/10.1016/j.socscimed.2010.07.027
http://doi.org/10.1146/annurev.clinpsy.121208.131413
http://doi.org/10.1093/ije/dyp322
http://www.ncbi.nlm.nih.gov/pubmed/19887509
http://doi.org/10.1111/obr.12119
http://www.ncbi.nlm.nih.gov/pubmed/24341753
http://doi.org/10.1111/jdi.13713
http://www.ncbi.nlm.nih.gov/pubmed/34786886
http://doi.org/10.1111/add.15758
http://www.ncbi.nlm.nih.gov/pubmed/34817100
http://www.ncbi.nlm.nih.gov/pubmed/12046553
http://doi.org/10.1093/ntr/ntp014
http://www.ncbi.nlm.nih.gov/pubmed/19246423
http://doi.org/10.1001/jama.2018.7270
http://doi.org/10.1016/j.socscimed.2020.113537
http://doi.org/10.1186/s12889-020-09239-7
http://doi.org/10.33029/0042-8833-2021-90-3-67-76
http://doi.org/10.1038/s41586-019-1171-x
http://www.ncbi.nlm.nih.gov/pubmed/31068725
http://doi.org/10.1371/journal.pmed.1001683
http://www.ncbi.nlm.nih.gov/pubmed/25072243
http://doi.org/10.1186/s12889-021-12074-z
http://www.ncbi.nlm.nih.gov/pubmed/34742269
http://doi.org/10.1111/obr.12120
http://doi.org/10.1177/0091415016641692
http://doi.org/10.3390/ijerph13111112
http://doi.org/10.3390/nu13030921
http://doi.org/10.3390/ijerph18189821
http://doi.org/10.3390/nu13061933
http://doi.org/10.3390/nu12082168
http://www.ncbi.nlm.nih.gov/pubmed/32707793


Int. J. Environ. Res. Public Health 2022, 19, 1943 11 of 11

42. Su, C.; Zhao, J.; Wu, Y.; Wang, H.; Wang, Z.; Wang, Y.; Zhang, B. Temporal Trends in Dietary Macronutrient Intakes among Adults
in Rural China from 1991 to 2011: Findings from the CHNS. Nutrients 2017, 9, 227. [CrossRef] [PubMed]

43. Ding, C.; Song, C.; Yuan, F.; Zhang, Y.; Feng, G.; Chen, Z.; Liu, A. The Physical Activity Patterns among Rural Chinese Adults:
Data from China National Nutrition and Health Survey in 2010–2012. Int. J. Environ. Res. Public Health 2018, 15, 941. [CrossRef]
[PubMed]

44. Pandey, B.; Reba, M.; Joshi, P.K.; Seto, K.C. Urbanization and food consumption in India. Sci. Rep. 2020, 10, 17241. [CrossRef]
45. Howard, A.G.; Attard, S.M.; Herring, A.H.; Wang, H.; Du, S.; Gordon-Larsen, P. Socioeconomic gradients in the Westernization of

diet in China over 20 years. SSM Popul Health 2021, 16, 100943. [CrossRef]

http://doi.org/10.3390/nu9030227
http://www.ncbi.nlm.nih.gov/pubmed/28273878
http://doi.org/10.3390/ijerph15050941
http://www.ncbi.nlm.nih.gov/pubmed/29747391
http://doi.org/10.1038/s41598-020-73313-8
http://doi.org/10.1016/j.ssmph.2021.100943

	Introduction 
	Materials and Methods 
	Data 
	Sample Selection 
	Urbanization Trajectories 
	Dependent Variables 
	Covariates 
	Statistical Analysis 

	Results 
	Urbanization Trajectories 
	Characteristics of Entry Participants 
	Association between Urbanization Trajectories and Weight and BMI by Genders 
	Association between Urbanization Trajectories and Overweight + Obesity and Obesity by Genders 

	Discussion 
	Main Findings 
	Comparison with Previous Studies 
	Strengths and Limitations 

	Conclusions 
	References

