'," frontiers
in Public Health

ORIGINAL RESEARCH
published: 08 January 2021
doi: 10.3389/fpubh.2020.594874

OPEN ACCESS

Edited by:

Noel C. Barengo,

Florida International University,
United States

Reviewed by:

Luenda Charles,

Centers for Disease Control and
Prevention (CDC), United States
Jose L. Flores-Guerrero,
University Medical Center
Groningen, Netherlands

Kenneth Lo,

Hong Kong Polytechnic University,
Hong Kong

*Correspondence:
Chongjian Wang
tiwcj2008@zzu.edu.cn
Jian Hou
13667176505@163.com

T These authors have contributed
equally to this work

Specialty section:

This article was submitted to
Life-Course Epidemiology and Social
Inequalities in Health,

a section of the journal

Frontiers in Public Health

Received: 14 August 2020
Accepted: 01 December 2020
Published: 08 January 2021

Citation:

Pan M, TuR, Gu J, Li R, Liu X,

Chen R, Yu S, Wang X, Mao Z,

Huo W, Hou J and Wang C (2021)
Associations of Socioeconomic Status
and Physical Activity With Obesity
Measures in Rural Chinese Adults.
Front. Public Health 8:594874.

doi: 10.3389/foubh.2020.594874

Check for
updates

Associations of Socioeconomic
Status and Physical Activity With
Obesity Measures in Rural Chinese
Adults

Mingming Pan, Rungqi Tu'*, Jianjun Gu?, Ruiying Li’, Xiaotian Liu, Ruoling Chen?,
Songcheng Yu', Xian Wang', Zhenxing Mao', Wenqian Huo, Jian Hou™ and
Chongjian Wang ™

" Department of Epidemiology and Biostatistics, College of Public Health, Zhengzhou University, Zhengzhou, China,
2 Department of Neurosurgery, Zhengzhou University People’s Hospital, Henan Provincial People’s Hospital, Zhengzhou,
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Background: Although independent association of socioeconomic status (SES) or
physical activity (PA) with obesity has been well-documented in urban settings, their
independent and joint associations on obesity measures are limited in rural regions.

Methods: Almost 38,000 (n = 37,922) individuals were included from the Henan
Rural Cohort Study. The International Physical Activity Questionnaire (IPAQ) was used
to evaluate PA. Obesity was reflected by body mass index (BMI), waist circumference
(WC), waist-to-hip ratio (WHR), waist-to-height ratio (WHtR), body fat percentage (BFP),
and visceral fat index (VFI). The independent and interactive effects of SES and PA on
obesity were analyzed by logistic regression models and generalized linear regression
models, respectively.

Results: Compared with high education level, the OR (95%CI) of obesity defined
by BMI with low education level was 1.466 (1.337, 1.608), 1.064 (0.924, 1.225), and
1.853 (1.625, 2.114) in total population, men and women, respectively. Besides, the
OR (95%Cl) of obesity defined by BMI associated with per capita monthly income were
1.089 (1.015, 1.170), 1.192 (1.055, 1.347), 1.038 (0.951, 1.133) in total population, men
and women, respectively. Similar results had been observed in other obesity measures.
Negative interactive association of low education level and PA on obesity measures were
observed only in women (all P < 0.05).

Conclusions: This study suggests that women are more susceptible to obesity
concerning low SES and that adequate PA may be a potential target for mitigating the
negative effect of low SES on obesity in women.

Clinical Trial Registration: The Henan Rural Cohort Study has been registered at
Chinese Clinical Trial Register (Registration number: ChiCTR-OOC-15006699) http://
www.chictr.org.cn/showproj.aspx?proj=11375.
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INTRODUCTION

Obesity is a growing and disturbing global public health crisis
(1). According to the Global Burden of Disease statistics in 2017,
more than four million people died each year as a result of
being overweight or obese (2). It turns out that excess weight is
the main risk factor for various diseases, especially stroke and
coronary heart disease (3-5). Body mass index (BMI) has been
widely used for defining obesity. However, BMI alone does not
fully characterize adiposity, and other anthropometric measures
have been proposed to define obesity, such as waist circumference
(WC) (6), waist-to-hip ratio (WHR) (7), waist-to-height ratio
(WHtR) (8), body fat percentage (BFP) (9), and visceral fat
index (VFI) (10), etc. They define obesity according to different
anthropometric emphasis with different predictive capabilities
for diseases. Besides, the prevalence of obesity may vary greatly
with different measures used to define obesity. However, it
is still controversial which measure is most appropriate to
define obesity, we therefore used these six objectively measured
anthropometric methods to more accurately monitor obesity in
the current study.

It is well-known that the socio-economic environment has
a significant impact on the prevalence of a high number of
diseases, including obesity (11, 12) as it influences people’s
attitudes, experiences, and access to several health risk factors
(13, 14). Based on several systematic reviews (15, 16) of
socioeconomic inequalities in obesity, it was found that the
relationship between SES and obesity varies across countries
with different levels of development. In developed countries,
socioeconomically disadvantaged groups tend to have a higher
prevalence of obesity, i.e., people with lower income and/or
lower levels of education tend to be more likely to be obese.
In developing countries, the SES-obesity relationship was found
to be more complex: in low-income developing countries,
those living in more affluent circumstances are more likely to
experience overweight and obesity for both men and women,
whereas in middle-income countries, the relationship between
SES and obesity is largely mixed for men and predominantly
negative for women (15). Notably, gender appears to play an
important role in the SES-obesity relationship, and it was said
that ignoring gender differences when examining the SES-obesity
association may lead to targeting of wrong populations for
reducing obesity prevalence and its resultant socioeconomic
gradients (17). Additionally, researches on the SES-obesity
association were mainly concentrated in developed countries
and developing urban cities, with very limited research in rural
areas of developing countries. Considering the serious epidemic
of obesity and overweight in developing countries, especially in
rural settings (18), the SES-obesity associations in these settings
were also meriting focus.

It had been well-documented that regular physical activity
(PA) has great benefits for keeping fit (19). According to

Abbreviations: BFP, body fat percentage; BMI, body mass index; CI, confidence
interval; MET, metabolic equivalent; PA, physical activity; SD, standard deviation;
SES, socioeconomic status; VFI, visceral fat index; WC, waist circumference;
WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.

Xiao et al., compared to physically inactive male respondents,
physically active ones had about one quarter lower risk of being
obese (20). Furthermore, it had been shown that in the SES-
obesity relationships, PA could play a significant role (21, 22).
For instance, Merino et al. suggested that promoting PA would
contribute to preventing obesity for low SES-individuals (21).
However, the association between SES and obesity whether
affected by PA and how affected by PA was not available in
rural regions.

Therefore, the purpose of this study was to investigate
the independent and potential joint associations of SES and
PA on different obesity measures among participants of
different genders from the baseline survey of the Henan Rural
Cohort Study.

MATERIALS AND METHODS
Study Population

The Henan Rural Cohort Study was conducted in Henan, China,
using a multistage stratified cluster sampling method to recruit
a total of 39,259 individuals as a baseline cohort from five
rural areas (Suiping, Yuzhou, Xinxiang, Tongxu, and Yima)
between 2015 and 2017 (23). Almost 38,000 (n = 37,922)
individuals aged 18-79 years were included for the further
analysis, after excluding individuals with missing data on
per capita monthly income, PA, height, weight, waist or hip
circumference, body fat percentage (BFP), and visceral fat index
(VFI). This study was conducted under the Declaration of
Helsinki. Zhengzhou University Life Science Ethics Committee
had approved this survey and all participants had signed written
informed consent.

Assessment of Obesity

Anthropometric measures of obesity include waist and hip
circumference, height, weight, BFP, and VFI. Weight, BFP,
and VFI data were measured using a bioelectrical impendence
analysis device (OMRON V. BODY HBF-371) following its
operating instructions. Body weight was measured with light
clothes to an accuracy of 0.1kg. Height was measured by
taking off shoes and leaning against a calibrated wall. Waist
and hip circumferences were measured 1.0 cm above the navel
and at the highest hip level, respectively. Height and waist
and hip circumference were measured at least twice, each
accurately to 0.1cm, with the difference between the two
measurements <0.5 cm and averaged for statistical analysis. The
details of the anthropometric measures have been described
elsewhere (18).

BMI is calculated as weight (kg) divided by height squared
(m?), WHR is calculated as WC (cm) divided by hip
circumference (cm), and WHItR is calculated as WC (cm) divided
by height (cm). Individuals with a BMI > 28 kg/m2 were
defined as obese individuals, following the Working Group
on Obesity in China (24). The cut-off values for the other
five obesity measures were set based on previous criterion as
follows: WC, men/women > 90/80cm (6); WHR, men/women
> 0.90/0.85 (7); WHtR > 0.5 (8); BFP, men/women > 25%/30%
(9); VFI > 10 (25).
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Assessment of SES

Education level and per capita monthly income were used as
proxies of SES, which were consistent with previous studies (20,
26). Education level was derived from the item “educational level”
in the questionnaire. Options include illiteracy, primary school,
junior high school, senior high school/technical secondary
school, university/ junior college, and postgraduate. They were
finally divided into three groups: low (illiteracy or primary
school), medium (junior high school), and high (senior high
school or above). Per capita monthly income was a continuous
indicator obtained by dividing the average annual income
by the number of household members. Due to the discrete
nature of the data, a logarithmic transformation was used for
statistical analysis.

Assessment of PA

The levels of PA were assessed by the International Physical
Activity Questionnaire (IPAQ) (27, 28). Participants were asked
about the amount of time spent on vigorous activity, moderate
activity, and walking over the past week, and the total metabolic
equivalent (MET) value was estimated by combining the different
types of PA during the week with the corresponding coefficients.
The detailed procedure had been described in previous studies
(29). Briefly, 1 MET was defined as the amount of energy
expended by an individual while sitting quietly. The coefficients
of compendium average MET were eight for vigorous activity;
four for moderate activity; and 3.3 for walking. PA was classified
into three levels: low, moderate, and high. Classification of
PA as high shall meet one of the following two criteria: (1)
Vigorous activity at least 3 days/week, Mets at least 1,500 MET-
min/week. (2) Any combination of the three exercise types
(vigorous activity, moderate activity, or walking) for at least
5 days/week and accumulating Mets of at least 3,000 MET-
min/week; A classification of PA as moderate shall meet one of
the following four criteria: (1) At least 20 min of vigorous activity
3 days a week. (2) Moderate activity for at least 30 min 5 days a
week. (3) Walking for at least 30 min per day 5 or more days a
week. (4) Accumulated Mets of at least 600 MET-min/week.

Assessment of Covariates

In addition to SES indicators and PA, we have collected
for other variables associated with obesity: region (30),
age, gender, marital status, smoking, alcohol consumption,
adequate fruit and vegetable intake, and high-fat diet (18,
25). All variables were collected by trained interviewers
through face-to-face interviews. Marital status was categorized
into married/cohabitation, divorced/widowed/separated and
unmarried groups. Smoking and drinking status were categorized
into current, former, and never groups. Dietary habits included
high (=500 g/day) and low (<500 g/day) fruit and vegetable
intake groups, and high (>75 g/day) and low-fat diet (<75 g/day)
groups (31). The dietary data were collected via a food frequency
questionnaire (FFQ) covering the intake of food groups during
the previous 12 months. Based on five consumption frequencies
(never, day, week, month, year), participants were asked about
the amount of food consumed (kg, g). The reliability and
validity of FFQ have been conducted and published elsewhere

(32). Briefly speaking, the reliability of the FFQ was established
by comparing two administrations of the FFQ over a 4-week
period while relative validity was established against a 24 h diet
recalls (24DR), and the results recommended that our FFQ is
appropriate for ranking participants according to food group
intake of a rural population.

Statistical Analysis

Categorical variables and continuous variables were expressed
as number (percentage) and median (interquartile range),
respectively. The differences in continuous and categorical
variables between different genders were analyzed by the Mann-
Whitney U test and Chi-square test, respectively. We calculated
Pearson correlation coeflicients among SES indicators, PA and
obesity measures, and correlation maps were used to show the
direction (negative or positive) and magnitude (strength) of
correlation among SES indicators, PA and obesity measures. The
independent associations between SES indicators, PA, and obesity
measures (dichotomous form) were assessed by using logistic
regression models. Interaction associations of SES indicators and
PA on obesity measures were conducted by generalized linear
regression models and presented by Interaction plots which
exhibited how the estimated associations of SES indicators on
obesity measures were affected by altered PA intensity. Backward
stepwise approaches were used to select covariates for the
multivariate analysis, and all explanatory variables with a P-
value <0.05 were included, including region, age, marital status,
smoking status, drinking status, fruit and vegetable intake, high
fat diet, education level, per capita monthly income, and PA.
Besides, a sensitivity analysis was conducted on the BMI cut-
off values of 30 kg/m? (33) to assess the robustness of the main
findings. R software version 3.5.1 and SPSS version 21.0 were
used for data processing and analysis. All statistical significance
was seta P < 0.05 at two tails.

RESULTS

Basic Characteristics of the Study

Population

Table 1 showed the demographic characteristics of the 37,922
participants aged 18-79 years old. The median (interquartile
range) age of the total population was 56 (17) years, with men
having a higher median (interquartile range) age than women (59
(17) vs. 55 (16), P < 0.001). Other selected variables included
region, age, education level, smoking status, drinking status,
adequate vegetable and fruit intake, high fat diet, PA, as well as
obesity measures, which were distributed differently by gender
(all P < 0.001).

Independent Associations Between SES

Indicators, PA and Obesity Measures

Figure 1 and Supplementary Table 1 showed the independent
associations between SES indicators or PA and obesity measures.
Logistic regression analyses were performed using a fully adjusted
model that adjusted for region, age, marital status, smoking
status, drinking status, fruit and vegetable intake, high fat diet,
SES indicators or PA. The results showed that the associations
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TABLE 1 | Characteristics of the study population.

Variables Overall Men Women P
(N = 37,922) (N = 14,877) (N = 23,045)
Region (n, %) <0.0012
Yuzhou 8,995 (23.7) 3,132 (21.1) 5,863 (25.4)
Suiping 15,716 (41.4) 6,477 (43.5) 9,239 (40.1)
Tongxu 2,464 (6.5) 994 (6.7) 1,470 (6.4)
Xinxiang 9,796 (25.8) 3,972 (26.7) 5,824 (25.3)
Yima 951 (2.5) 302 (2.0) 649 (2.8)
Age [years, median (interquartile range)] 56 (17) 59 (17) 55 (16) <0.001°
Marital status (n, %) 0.5022
Married/cohabitation 34,1083 (89.9) 13,398 (90.1) 20,705 (89.8)
Unmarried/divorced/widowed 3,819 (10.1) 1,479 (9.9) 2,340 (10.2)
Education level (n, %) <0.0012
Low 16,941 (44.7) 4,992 (33.6) 11,949 (51.9)
Medium 15,211 (40.1) 6,917 (46.5) 8,294 (36.0)
High 5,770 (15.2) 2,968 (20.0) 2,802 (12.2)
Log-transformed per capita monthly income [median (interquartile range)] 3.9(0.5) 3.9(0.5) 3.9 (0.5 0.807°
Smoking status (n, %) <0.0012
Never 27,652 (72.9) 4,693 (31.5) 22,959 (99.6)
Ever 3,065 (8.1) 3,044 (20.5) 21 (0.1)
Current 7,205 (19.) 7,140 (48.) 65 (0.3)
Drinking status (n, %) <0.0012
Never 29,324 (77.3) 6,943 (46.7) 22,381 (97.1)
Ever 1,743 (4.6) 1,682 (11.3) 61(0.3)
Current 6,855 (18.1) 6,252 (42.0) 603 (2.6)
High fat diet (yes, n, %) 7,252 (19.1) 3,731 (25.1) 3,521 (156.3) <0.0012
Adequate vegetable and fruit intake (yes, n, %) 21,896 (57.7) 6,455 (43.4) 9,571 (41.5) <0.0012
PA-MET [hour/day, median (interquartile range)] 17.0(9.9) 17.0 (15.1) 17.5(9.8) <0.001°
Physical activity (n, %)
Low 11,636 (30.7) 4,998 (33.6) 6,638 (28.8) <0.0012
Moderate 14,652 (38.6) 4,263 (28.7) 10,389 (45.1)
High 11,634 (30.7) 5,616 (37.7) 6,018 (26.1)
Obesity (n, %)
BMI 6,693 (17.6) 2,337 (15.7) 4,356 (18.9) <0.0012
WC 19,547 (51.5) 5,152 (34.6) 14,395 (62.5) <0.0012
WHR 23,731 (62.6) 8,226 (55.3) 15,505 (67.3) <0.0012
WHtR 25,809 (68.1) 9,166 (61.6) 16,643 (72.2) <0.0012
BFP 25,672 (67.7) 7,066 (47.5) 18,606 (80.7) <0.0012
VFI 16,751 (44.2) 9,403 (63.2) 7,348 (31.9) <0.0012

SD, standard deviation; MET, metabolic equivalent; BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; BFF, body fat percentage;
VI, visceral fat index. @Chi-square test was used to test the distributions of categorical variables between genders. ®Mann-Whitney U Test was used to compare the difference of

continuous variables between genders.

of PA with obesity measures were the same both in the total
population and across gender, the higher the level of PA, the
lower the odds of obesity measures. However, the associations
of SES indicators with obesity measures vary across different
populations. In terms of education level, compared with high
education level, the OR (95%CI) of obesity defined by BMI
in total population, men and women with low education level

were 1.466 (1.337, 1.608), 1.064 (0.924, 1.225), and 1.853(1.625,
2.114), respectively. Besides, the OR (95%CI) of obesity
defined by BMI associated with per capita monthly income
were 1.089 (1.015, 1.170), 1.192 (1.055, 1.347), 1.038(0.951,
1.133) in total population, men and women, respectively.
Similar results had been observed in other obesity measures.
Supplementary Figure 1 displayed the correlation between SES
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Associations between SES indicators or PA and obesity measures (OR, 95%CI)

FIGURE 1 | Associations between education level (A) or per capita monthly income (B) or PA (C) and obesity measures. Logistic regression analyses were performed
using a fully adjusted model that adjusted for region, age, marital status, smoking status, drinking status, fruit and vegetable intake, high fat diet, SES indicators or PA.

fat index.

The dots and lines were exhibited the estimated regression coefficient and corresponding 95% confidence intervals, respectively. SES, socioeconomic status; PA,
physical activity; BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; BFP, body fat percentage; VFI, visceral

indicators, PA, and obesity measures. PA showed a negative
correlation with obesity measures in both the total population
and different genders. Education level and per capita monthly
income were positively correlated with obesity measures in men,
whilst negatively correlated with obesity measures in women.

Combined Associations of SES Indicators
and PA With Obesity Measures

Figure 2 showed regression associations of SES indicators on
obesity measures (dichotomous form) classified by BMI, WC,
WHR, WHtR, BFP, or VFI as a function of PA by using
generalized linear models in a fully adjusted model, which
adjusted for region, age, marital status, smoking status, drinking
status, fruit and vegetable intake, high fat diet, education level or
per capita monthly income. We did not observe any interaction
association between per capita monthly income and PA on
obesity measures, neither in the total population nor in different
genders. However, there were significant negative interactive
associations between low or medium education level and PA on
obesity measures both in total population and in women (all P
< 0.05), which implies that in women, the positive association

between low or medium education level and obesity weakens
with increasing PA intensity.

Sensitivity Analysis

The results of the sensitivity analysis were shown in
Supplementary Table 2. The estimated associations between SES
indicators or PA and obesity measures defined by BMI remained
fairly robust after using different cut-off values of BMI.

DISCUSSION

In this study, the results suggested that: first, a negative
association between PA and obesity was observed in both
men and women. Second, there were gender differences in the
independent and joint associations between SES indicators and
obesity measures. The significant inverse association between
education level and obesity measures was found only in women,
whereas the significant positive association between monthly per
capita income and obesity measures was found only in men.
Third, we found a negative interaction association between PA
and low education level on obesity measures in women.
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FIGURE 2 | Regression associations between SES indicators and obesity measures (dichotomous) as a function of PA were evaluated by using generalized linear
models, after adjusting for age, marital status, smoking status, drinking status, fruit and vegetable intake, high fat diet, education level or per capita monthly income.
The lines and areas represented the estimated regression coefficient and 95% confidence intervals, respectively. SES, socioeconomic status; PA, physical activity;
BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; BFP, body fat percentage; VFI, visceral fat index.

PA can maintain a healthy weight and reduce the risk of many
health problems, including obesity (34-36). A broad range of
strategies are recommended to reduce the prevalence of obesity,
and PA remains the most common treatment. PA offsets by
increased energy consumption and positive energy balance to
reduce diet-induced weight gain (37). Additionally, PA has a
far-reaching impact on the normal function of the immune
and endocrine system (38, 39), as well as the reduction of
inflammation and oxidative stress (40, 41), which may help
protect individuals from the development of obesity (42, 43).
However, according to our previous study in 2019 (29), physical
inactivity, and sedentary behavior (sitting for >7.5h per day)
were high in rural areas. The age-standardized prevalence of light
PA was 32.74%, higher than the global PA level (44). Besides,
the level of sedentary behavior was 26.88%, which was higher
compared with a previous study of a 20-country comparison
of sitting (45). A major difference between urban and rural
environments is that for some rural residents, there may be
additional barriers to regular active PA, including isolation,
climate, safety fears, cost, lack of transportation, and lack of PA
spaces (46). Taking steps to enhance features such as playgrounds,

parks, and recreation facilities in rural environments and to
reduce barriers to active PA may be good ways to promote active
living and address the issue of obesity in rural areas.

It is well-known that SES has an impact on human health
status. Extensive research has been carried out to explore the
relationship between SES and obesity. However, the results
are inconclusive. We found that higher education level was
associated with lower odds of obesity in women, which is
consistent with some studies in the Philippines (47), Thailand
(48), Tehran (49), and urban areas such as Zhejiang (20), Tianjin
(26), Guangdong (50), and 33 communities of Northeast China
(51). Besides, it was observed in the present study that, men with
higher income had higher odds of obesity, which is in agreement
with studies in Thailand (48), Mexican (52), and other studies
in China (20, 51), but differs from studies in Molise adults (53)
and Brazil adults (54). A recent review (16) concluded that in
low-income countries, overweight and obesity are more common
in more socioeconomically affluent groups and that this pattern
flattens and then reverses as country-level income increases. The
complex pattern of the SES-obesity relationship highlights the
profound influence of social context on obesity, as the social
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environment can affect people’s health in many ways (55), like
economic and social development, employment levels, changes
in dietary patterns, levels of food safety, resources that support
PA, access to health services, and people’s beliefs, awareness, and
behaviors about healthy eating and lifestyle.

We found gender differences in the SES-obesity relationship,
with a negative association between education level and obesity
in women, but no such relationship was found in men. Research
suggests that there is a social stratification of women’s body size
(56). Body size ideals and perceptions of social pressure to be
slim vary by socioeconomic class. Socially advantaged women are
more dissatisfied with their bodies than socially disadvantaged
women (57). The desire to be slim will eventually be transformed
into powerful motivation to keep a fit figure. Besides, well-
educated women have an advantage in understanding the health
benefits of a healthy weight, a reasonable diet, and adequate PA
(58, 59). Additionally, according to Gore et al., girls with lower
education levels had the highest levels of depressive symptoms
and stress levels (60), which may lead to pro-inflammatory
effects or reduce the integrity of the intestinal barrier, in which
case obesity may be induced (61). But to men, high SES not
only increases the chance of obtaining excess food, but also
increases the chance of avoiding manual labor (62), and larger
size generally regarded as more likely to have physical strength
and superiority, so the community culture of male obesity is
relatively tolerant (58).

Based on our result, we found a negative interaction
association between PA and low education level on obesity
measures in women, which is consistent with some existing
literature (21, 22). For instance, a study conducted in Spain
used path analysis to disentangle the direct and indirect effects
of SES on obesity, in which PA served as a mediator variable,
and found that PA had a significant mediating effect on the
SES-obesity relationship and concluded that promoting PA
was helpful to prevent obesity (21). The possible mechanisms
underlying the combined association of SES indicators and PA on
obesity measures deserve exploration. There are several potential
explanations. The socio-economic and physical environment
could affect people’s health both tangibly and intangibly (63, 64),
as Adler found that social inequalities such as unequal income
distribution increase people’s exposure to stressful events (63).
Physical environment characteristics, on the other hand, could
affect people’s opportunities to engage in PA, specifically the
availability of parks and recreation facilities, and a pedestrian
environment that promotes PA, such as walking and exercise
(64), which is, however, very limited in rural areas. With
increased exposure to stress and decreased access to PA, obesity
is more likely to occur. Another explanation is that, according
to Carroll-Scott et al., a disadvantageous SES is itself a stressful
state (65), and PA can alleviate oxidative stress or inflammatory
response (40, 41, 61), thus to a certain extent offset the adverse
effects of SES on obesity.

Our results also found gender differences in the combined
association of PA and SES indicators on obesity measures. The
possible explanations are as follows. First, several studies have
found that low SES has a greater negative impact on good health
for women than for men (66). Our results are in line with this

finding, with men being largely unaffected in terms of the burden
of obesity at low education level, while women show a significant
inverse relationship. Furthermore, men with low SES were more
likely to engage in high levels of PA (62), making it less likely
that low SES and PA would have a meaningful interaction effect
on obesity. Secondly, women are less educated than men, with
51.3% of women vs. 33.6% of men classified in the low education
group as shown in Table 1. Less-educated women are less likely
to work, and roles such as childrearing and maintaining the
household are usually fulfilled by them (66), thus they are more
likely to be socially isolated compared to men (67). However,
mutual support among socially connected people is of great
significance as it can lead to positive changes such as reduced
caloric intake and increased PA (68). As educational attainment
has been established, PA can be an alternative way to reduce
the obesity associated with low levels of education, especially
among women.

The present study has several strengths: the exploration of
the SES-PA-obesity relationship was conducted in a relatively
large rural population, which helps to fill a gap in the literature
on the SES-PA-obesity relationship in rural areas. Besides,
adjusting for multiple covariates helps to control for potential
confounders, and defining obesity using several different
objectively measured anthropometric measures contributes to
more accurate monitoring of obesity. In terms of limitations, first,
due to the nature of the cross-sectional design, the present study
was unable to determine a causal relationship between SES or PA
and obesity measurements. Second, the information on lifestyle
factors was obtained based on self-reports, so recall bias cannot
be excluded. Finally, although some important confounding
covariates were controlled for, some unmeasured factors (e.g.,
genetic and physiological factors) were not taken into account,
which may have influenced the results.

CONCLUSION

In summary, the burden of obesity is likely to be higher among
women with low levels of education and men with high per capita
monthly income in the Chinese rural population. Promoting PA
may counteract the negative impact of low SES on obesity in
women. From a policy perspective, gender differences need to
be considered when taking measures to reduce the prevalence
of obesity and reduce the SES gradient, and further prospective
studies through geographically robust study designs are needed.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics approval was obtained from the Zhengzhou
University Life Science Ethics Committee [Ethics approval code:

Frontiers in Public Health | www.frontiersin.org

January 2021 | Volume 8 | Article 594874


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

Pan et al.

PA, SES on Obesity

[2015] MEC (S128)]. The patients/participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

MP: investigation, data curation, methodology, formal analysis,
visualization, and writing-original draft. JH: investigation, data
curation, writing-review, and editing. JG, RL, ZM, and WH:
investigation, writing-review, and editing. XL: investigation,
validation, writing-review, and editing. RC: investigation,
methodology, writing-review, and editing. SY and XW: writing-
review and editing. XW: data curation, writing-review, and
editing. JH: conceptualization, methodology, investigation,
validation, supervision, writing-reviewing, and editing. CW:
conceptualization, methodology, investigation, validation,
supervision, funding acquisition, project administration, and
writing-original draft. All authors contributed to the article and
approved the submitted version.

FUNDING

This research was supported by the Foundation of National
Key Program of Research and Development of China
(Grant NO: 2016YFC0900803), National Natural Science

REFERENCES

1. Collaborators GBDO, Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep
K, et al. Health effects of overweight and obesity in 195 countries over 25 years.
N Engl ] Med. (2017) 377:13-27. doi: 10.1056/NEJMoal614362

2. Dai H, Alsalhe TA, Chalghaf N, Ricco M, Bragazzi NL, Wu J. The global
burden of disease attributable to high body mass index in 195 countries and
territories, 1990-2017: an analysis of the global burden of disease study. PLoS
Med. (2020) 17:¢1003198. doi: 10.1371/journal.pmed.1003198

3. Lin WY, Lee LT, Chen CY, Lo H, Hsia HH, Liu IL, et al. Optimal cut-off values
for obesity: using simple anthropometric indices to predict cardiovascular
risk factors in Taiwan. Int J Obes Relat Metab Disord. (2002) 26:1232-8.
doi: 10.1038/sj.ij0.0802040

4. Lawrence V], Kopelman PG. Medical consequences of obesity. Clin Dermatol.
(2004) 22:296-302. doi: 10.1016/j.clindermatol.2004.01.012

5. Huang KC, Lin WY, Lee LT, Chen CY, Lo H, Hsia HH, et al. Four
anthropometric indices and cardiovascular risk factors in Taiwan. Int J Obes
Relat Metab Disord. (2002) 26:1060-8. doi: 10.1038/s].ij0.0802047

6. Abbasi F, Mathur A, Reaven GM, Molina CR. Cardiometabolic risk
in South Asian inhabitants of California: hypertriglyceridemic waist
vs hypertriglyceridemic body mass index. Ethn Dis. (2016) 26:191-6.
doi: 10.18865/ed.26.2.191

7. Rezaei S, Hajizadeh M, Pasdar Y, Hamzeh B, Moradinazar M, Najafi F.
Association of smoking with general and abdominal obesity: evidence from
a cohort study in West of Iran. ] Res Health Sci. (2017) 18:¢00401. Available
online at:  http://jrhs.umsha.ac.ir/index.php/JRHS/article/view/3625/pdf
(accessed February 16, 2018).

8. Srinivasan SR, Wang R, Chen W, Wei CY, Xu J, Berenson GS. Utility of waist-
to-height ratio in detecting central obesity and related adverse cardiovascular
risk profile among normal weight younger adults (from the Bogalusa Heart
Study). Am ] Cardiol. (2009) 104:721-4. doi: 10.1016/j.amjcard.2009.04.037

9. Minematsu K, Takamura N, Goto K, Honda S, Aoyagi K, Moji K, et al. A
proposed method for the evaluation of body fat in Japanese adults that predicts
obesity. Nutr Res. (2011) 31:113-21. doi: 10.1016/j.nutres.2011.01.008

10. Oh SK, Cho AR, Kwon Y], Lee HS, Lee JW. Derivation and validation
of a new visceral adiposity index for predicting visceral obesity and

Foundation of China (Grant NO: U1404814, 81573243,
and 81602925), Henan Natural Science Foundation of
China (Grant NO: 182300410293), Science and Technology
Foundation for Innovation Talent of Henan Province (Grant
NO: 164100510021), Science and Technology Innovation Talents
Support Plan of Henan Province Colleges and Universities
(Grant NO: 14HASTIT035), High-level Personnel Special
Support Project of Zhengzhou University (Grant NO:
ZDGD13001). The funders had no role in the study design,
data collection, and analysis, decision to publish, or preparation
of the manuscript.

ACKNOWLEDGMENTS

We sincerely thank all the participants, research staff, and
administrators for their supports in this study. Additionally, the
authors would like to thank Dr. Tanko Abdulai for his critical
reading of the manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2020.594874/full#supplementary-material

cardiometabolic risk in a Korean population. PLoS ONE. (2018) 13:e0203787.
doi: 10.1371/journal.pone.0203787

11. Moor I, Spallek J, Richter M. Explaining socioeconomic inequalities in self-
rated health: a systematic review of the relative contribution of material,
psychosocial and behavioural factors. ] Epidemiol Community Health. (2017)
71:565-75. doi: 10.1136/jech-2016-207589

12. Zell E, Strickhouser JE, Krizan Z. Subjective social status and health: a meta-
analysis of community and society ladders. Health Psychol. (2018) 37:979-87.
doi: 10.1037/hea0000667

13. Pampel FC, Denney JT, Krueger PM. Obesity, SES, and economic
development: a test of the reversal hypothesis. Soc Sci Med. (2012) 74:1073-81.
doi: 10.1016/j.socscimed.2011.12.028

14. Matsudo VK, Ferrari GL, Araujo TL, Oliveira LC, Mire E, Barreira
TV, et al. [Socioeconomic status indicators, physical activity, and
overweight/obesity in Brazilian children]. Rev Paul Pediatr. (2016) 34:162-70.
doi: 10.1016/j.rppede.2015.08.018

15. Dinsa GD, Goryakin Y, Fumagalli E, Suhrcke M. Obesity and socioeconomic
status in developing countries: a systematic review. Obes Rev. (2012) 13:1067-
79. doi: 10.1111/j.1467-789X.2012.01017.x

16. Adams J. Addressing socioeconomic inequalities in obesity: democratising
access to resources for achieving and maintaining a healthy weight. PLoS Med.
(2020) 17:€1003243. doi: 10.1371/journal.pmed.1003243

17. Chung W, Lim SJ, Lee S, Kim R, Kim J. Gender-specific interactions between
education and income in relation to obesity: a cross-sectional analysis of the
Fifth Korea National Health and Nutrition Examination Survey (KNHANES
V). BM] Open. (2017) 7:e014276. doi: 10.1136/bmjopen-2016-014276

18. LiuX, Wu W, Mao Z, Huo W, Tu R, Qian X, et al. Prevalence and influencing
factors of overweight and obesity in a Chinese rural population: the henan
rural cohort study. Sci Rep. (2018) 8:13101. doi: 10.1038/s41598-018-31336-2

19. Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the
evidence. CMA]J. (2006) 174:801-9. doi: 10.1503/cmaj.051351

20. Xiao Y, Zhao N, Wang H, Zhang ], He Q, Su D, et al. Association between
socioeconomic status and obesity in a Chinese adult population. BMC Public
Health. (2013) 13:355. doi: 10.1186/1471-2458-13-355

21. Merino Ventosa M, Urbanos-Garrido R. Disentangling effects of
socioeconomic status on obesity: a cross-sectional study of the Spanish

Frontiers in Public Health | www.frontiersin.org

January 2021 | Volume 8 | Article 594874


https://www.frontiersin.org/articles/10.3389/fpubh.2020.594874/full#supplementary-material
https://doi.org/10.1056/NEJMoa1614362
https://doi.org/10.1371/journal.pmed.1003198
https://doi.org/10.1038/sj.ijo.0802040
https://doi.org/10.1016/j.clindermatol.2004.01.012
https://doi.org/10.1038/sj.ijo.0802047
https://doi.org/10.18865/ed.26.2.191
http://jrhs.umsha.ac.ir/index.php/JRHS/article/view/3625/pdf
https://doi.org/10.1016/j.amjcard.2009.04.037
https://doi.org/10.1016/j.nutres.2011.01.008
https://doi.org/10.1371/journal.pone.0203787
https://doi.org/10.1136/jech-2016-207589
https://doi.org/10.1037/hea0000667
https://doi.org/10.1016/j.socscimed.2011.12.028
https://doi.org/10.1016/j.rppede.2015.08.018
https://doi.org/10.1111/j.1467-789X.2012.01017.x
https://doi.org/10.1371/journal.pmed.1003243
https://doi.org/10.1136/bmjopen-2016-014276
https://doi.org/10.1038/s41598-018-31336-2
https://doi.org/10.1503/cmaj.051351
https://doi.org/10.1186/1471-2458-13-355
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Pan et al.

PA, SES on Obesity

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

adult population. Econ Hum Biol. (2016) 22:216-24. doi: 10.1016/j.ehb.2016.
05.004

Janssen I, Boyce WE Simpson K, Pickett W. Influence of individual- and
area-level measures of socioeconomic status on obesity, unhealthy eating, and
physical inactivity in Canadian adolescents. Am J Clin Nutr. (2006) 83:139-45.
doi: 10.1093/ajcn/83.1.139

Liu X, Mao Z, Li Y, Wu W, Zhang X, Huo W, et al. Cohort profile: the henan
rural cohort: a prospective study of chronic non-communicable diseases. Int |
Epidemiol. (2019) 48:1756-j. doi: 10.1093/ije/dyz039

Zhou BE Cooperative Meta-Analysis Group of the Working Group
on Obesity in C. 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. Available online at: http://www.besjournal.com/article/exportPdf?id=
ded16556-1996-443d-a9f1-6ee7366da8b9&language=en (accessed June 6,
2002).

Liu X, Tu R, Qiao D, Niu M, Li R, Mao Z, et al. Association between
long-term exposure to ambient air pollution and obesity in a Chinese rural
population: the henan rural cohort study. Environ Pollut. (2020) 260:114077.
doi: 10.1016/j.envpol.2020.114077

Zhang H, Xu H, Song E Xu W, Pallard-Borg S, Qi X. Relation of
socioeconomic status to overweight and obesity: a large population-
based study of Chinese adults. Ann Hum Biol. (2017) 44:495-501.
doi: 10.1080/03014460.2017.1328072

Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR, Jr.,
Tudor-Locke C, et al. 2011 Compendium of Physical Activities: a second
update of codes and MET values. Med Sci Sports Exerc. (2011) 43:1575-81.
doi: 10.1249/MSS.0b013e31821ecel2

Ng SW, Norton EC, Popkin BM. Why have physical activity levels
declined among Chinese adults? Findings from the 1991-2006 China
Health and Nutrition Surveys. Soc Sci Med. (2009) 68:1305-14.
doi: 10.1016/j.socscimed.2009.01.035

Tu R, Li Y, Shen L, Yuan H, Mao Z, Liu X, et al. The prevalence and
influencing factors of physical activity and sedentary behaviour in the rural
population in China: the henan rural cohort study. BMJ Open. (2019)
9:€029590. doi: 10.1136/bmjopen-2019-029590

Jahagirdar D, Lo E. Region-level obesity projections and an examination
of its correlates in Quebec. Can ] Public Health. (2017) 108:e162-8.
doi: 10.17269/CJPH.108.5677

Wang SS, Lay S, Yu HN, Shen SR. Dietary guidelines for chinese residents
(2016): comments and comparisons. ] Zhejiang Univ Sci B. (2016) 17:649-56.
doi: 10.1631/jzus.B1600341

Xue Y, Yang K, Wang B, Liu C, Mao Z, Yu S, et al. Reproducibility and
validity of an FFQ in the henan rural cohort study. Public Health Nutr. (2020)
23:34-40. doi: 10.1017/S1368980019002416

World Health Organization. Noncommunicable Diseases Risk Factors:
Overweight/Obesity. Available online at: https://www.who.int/data/gho/data/
themes/topics/topic-details/ GHO/ncd-risk-factors (accessed September 22,
2017).

Wilkinson TJ, Shur NF, Smith AC. “Exercise as medicine” in chronic kidney
disease. Scand ] Med Sci Sports. (2016) 26:985-8. doi: 10.1111/sms.12714
Westerterp KR. Changes in physical activity over the lifespan: impact on
body composition and sarcopenic obesity. Obes Rev. (2018) 19(Suppl. 1):8-13.
doi: 10.1111/0br.12781

Freitas PD, Silva AG, Ferreira PG, A DAS, Salge JM, Carvalho-Pinto
RM, et al. Exercise improves physical activity and comorbidities in
obese adults with asthma. Med Sci Sports Exerc. (2018) 50:1367-76.
doi: 10.1249/MSS.0000000000001574

Goran MI, Reynolds KD, Lindquist CH. Role of physical activity in the
prevention of obesity in children. Int | Obes Relat Metab Disord. (1999)
23(Suppl. 3):S18-33. doi: 10.1038/s].ij0.0800880

Simpson RJ, Kunz H, Agha N, Graff R. Exercise and the regulation
of immune functions. Prog Mol Biol Transl Sci. (2015) 135:355-80.
doi: 10.1016/bs.pmbts.2015.08.001

Ringseis R, Eder K, Mooren FC, Kruger K. Metabolic signals and innate
immune activation in obesity and exercise. Exerc Immunol Rev. (2015)
21:58-68.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

McArdle A, Pattwell D, Vasilaki A, Griffiths RD, Jackson MJ. Contractile
activity-induced oxidative stress: cellular origin and adaptive responses. Am J
Physiol Cell Physiol. (2001) 280:C621-7. doi: 10.1152/ajpcell.2001.280.3.C621
Park YM, Myers M, Vieira-Potter VJ. Adipose tissue inflammation and
metabolic dysfunction: role of exercise. Mo Med. (2014) 111:65-72. Available
online at: https://www.omagdigital.com/publication/?m=11307&i=197433&
view=articleBrowser&article_id=1636555&pre=1 (accessed March 22, 2014).
Styne DM, Arslanian SA, Connor EL, Faroogi IS, Murad MH, Silverstein JH,
et al. Pediatric obesity-assessment, treatment, and prevention: an endocrine
society clinical practice guideline. ] Clin Endocrinol Metab. (2017) 102:709-57.
doi: 10.1210/j¢.2016-2573

Legler ], Fletcher T, Govarts E, Porta M, Blumberg B, Heindel JJ, et al.
Obesity, diabetes, and associated costs of exposure to endocrine-disrupting
chemicals in the European Union. J Clin Endocrinol Metab. (2015) 100:1278-
88. doi: 10.1210/jc.2014-4326

Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U, et al.
Global physical activity levels: surveillance progress, pitfalls, and prospects.
Lancet. (2012) 380:247-57. doi: 10.1016/S0140-6736(12)60646-1

Bauman A, Ainsworth BE, Sallis JE Hagstromer M, Craig CL, Bull FC, et al.
The descriptive epidemiology of sitting. A 20-country comparison using the
International Physical Activity Questionnaire (IPAQ). Am J Prev Med. (2011)
41:228-35. doi: 10.1016/j.amepre.2011.05.003

Anush Yousefian Hansen MaDH. Promoting Activity-Friendly Communities.
(2015). Available online at: https://activelivingresearch.org/sites/activeliv
ingresearch.org/files/ ALR_Brief_RuralCommunities_Sept2015.pdf (accessed
September, 2015).

Dahly DL, Gordon-Larsen P, Popkin BM, Kaufman JS, Adair LS. Associations
between multiple indicators of socioeconomic status and obesity in young
adult Filipinos vary by gender, urbanicity, and indicator used. J Nutr. (2010)
140:366-70. doi: 10.3945/jn.109.114207

Seubsman SA, Lim LL, Banwell C, Sripaiboonkit N, Kelly M, Bain C, et al.
Socioeconomic status, sex, and obesity in a large national cohort of 15-87-
year-old open university students in Thailand. J Epidemiol. (2010) 20:13-20.
doi: 10.2188/jea.JE20090014

Kiadaliri AA, Asadi-Lari M, Kalantari N, Jafari M, Vaez Mahdavi MR,
Faghihzadeh S. Absolute and relative educational inequalities in obesity
among adults in Tehran: Findings from the Urban HEART study-2.
Obes Res Clin Pract. (2016) 10(Suppl. 1):S57-63. doi: 10.1016/j.orcp.2015.
05.002

Lao XQ, Ma W, Chung RY, Zhang Y, Xu Y, Xu X, et al. The
diminishing socioeconomic disparity in obesity in a Chinese population
with rapid economic development: analysis of serial cross-sectional
health survey data 2002-2010. BMC Public Health. (2015) 15:1282.
doi: 10.1186/s12889-015-2654-9

Wang H, Wang J, Liu MM, Wang D, Liu YQ, Zhao Y, et al. Epidemiology
of general obesity, abdominal obesity and related risk factors in urban adults
from 33 communities of Northeast China: the CHPSNE study. BMC Public
Health. (2012) 12:967. doi: 10.1186/1471-2458-12-967

Fernald LC. Socio-economic status and body mass
low-income Mexican adults. Soc Sci Med. (2007)
doi: 10.1016/j.socscimed.2007.02.002

Bonaccio M, Bonanni AE, Di Castelnuovo A, De Lucia E Donati MB,
de Gaetano G, et al. Low income is associated with poor adherence
to a Mediterranean diet and a higher prevalence of obesity: cross-
sectional results from the Moli-sani study. BMJ Open. (2012) 2:e001685.
doi: 10.1136/bmjopen-2012-001685

Chaparro MP, Pina MF, de Oliveira Cardoso L, Santos SM, Barreto SM,
Giatti Goncalves L, et al. The association between the neighbourhood social
environment and obesity in Brazil: a cross-sectional analysis of the ELSA-
Brasil study. BMJ Open. (2019) 9:€026800. doi: 10.1136/bmjopen-2018-
026800

Romieu I, Dossus L, Barquera S, Blottiere HM, Franks PW, Gunter M, et al.
Energy balance and obesity: what are the main drivers? Cancer Causes Control.
(2017) 28:247-58. doi: 10.1007/510552-017-0869-z

Robinovich J, Ossa X, Baeza B, Krumeich A, van der Borne B. Embodiment
of social roles and thinness as a form of capital: a qualitative approach
towards understanding female obesity disparities in Chile. Soc Sci Med. (2018)
201:80-6. doi: 10.1016/j.socscimed.2018.02.006

index in
64:2030-42.

Frontiers in Public Health | www.frontiersin.org

January 2021 | Volume 8 | Article 594874


https://doi.org/10.1016/j.ehb.2016.05.004
https://doi.org/10.1093/ajcn/83.1.139
https://doi.org/10.1093/ije/dyz039
http://www.besjournal.com/article/exportPdf?id=ded16556-1996-443d-a9f1-6ee7366da8b9&language=en
http://www.besjournal.com/article/exportPdf?id=ded16556-1996-443d-a9f1-6ee7366da8b9&language=en
https://doi.org/10.1016/j.envpol.2020.114077
https://doi.org/10.1080/03014460.2017.1328072
https://doi.org/10.1249/MSS.0b013e31821ece12
https://doi.org/10.1016/j.socscimed.2009.01.035
https://doi.org/10.1136/bmjopen-2019-029590
https://doi.org/10.17269/CJPH.108.5677
https://doi.org/10.1631/jzus.B1600341
https://doi.org/10.1017/S1368980019002416
https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/ncd-risk-factors
https://www.who.int/data/gho/data/themes/topics/topic-details/GHO/ncd-risk-factors
https://doi.org/10.1111/sms.12714
https://doi.org/10.1111/obr.12781
https://doi.org/10.1249/MSS.0000000000001574
https://doi.org/10.1038/sj.ijo.0800880
https://doi.org/10.1016/bs.pmbts.2015.08.001
https://doi.org/10.1152/ajpcell.2001.280.3.C621
https://www.omagdigital.com/publication/?m=11307&i=197433&view=articleBrowser&article_id=1636555&pre=1
https://www.omagdigital.com/publication/?m=11307&i=197433&view=articleBrowser&article_id=1636555&pre=1
https://doi.org/10.1210/jc.2016-2573
https://doi.org/10.1210/jc.2014-4326
https://doi.org/10.1016/S0140-6736(12)60646-1
https://doi.org/10.1016/j.amepre.2011.05.003
https://activelivingresearch.org/sites/activelivingresearch.org/files/ALR_Brief_RuralCommunities_Sept2015.pdf
https://doi.org/10.3945/jn.109.114207
https://doi.org/10.2188/jea.JE20090014
https://doi.org/10.1016/j.orcp.2015.05.002
https://doi.org/10.1186/s12889-015-2654-9
https://doi.org/10.1186/1471-2458-12-967
https://doi.org/10.1016/j.socscimed.2007.02.002
https://doi.org/10.1136/bmjopen-2012-001685
https://doi.org/10.1136/bmjopen-2018-026800
https://doi.org/10.1007/s10552-017-0869-z
https://doi.org/10.1016/j.socscimed.2018.02.006
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Pan et al.

PA, SES on Obesity

57.

58.

59.

60.

61.

62.

63.

64.

65.

McLaren L, Kuh D.
class, and social mobility. Soc
doi: 10.1016/S0277-9536(03)00209-0
Bleich S, Blendon R, Adams A. Trust in scientific experts on obesity:
implications for awareness and behavior change. Obesity (Silver Spring).
(2007) 15:2145-56. doi: 10.1038/0by.2007.255

Kan K, Tsai WD. Obesity and risk knowledge. ] Health Econ. (2004) 23:907-34.
doi: 10.1016/j.jhealeco.2003.12.006

Gore S, Aseltine RH, Jr., Colton ME. Social structure, life stress and depressive
symptoms in a high school-aged population. J Health Soc Behav. (1992)
33:97-113. doi: 10.2307/2137249

Melinder C, Hiyoshi A, Fall K, Halfvarson J, Montgomery S. Stress resilience
and the risk of inflammatory bowel disease: a cohort study of men living in
Sweden. BMJ Open. (2017) 7:¢014315. doi: 10.1136/bmjopen-2016-014315
Brownson RC, Boehmer TK, Luke DA. Declining rates of physical activity in
the United States: what are the contributors? Annu Rev Public Health. (2005)
26:421-43. doi: 10.1146/annurev.publhealth.26.021304.144437

Hoell A, Salize H]J. Social inequality and mental health. Nervenarzt. (2019)
90:1187-200. doi: 10.1007/s00115-019-00820-z

Sallis JE Cerin E, Conway TL, Adams MA, Frank LD, Pratt M,
et al. Physical activity in relation to urban environments in 14
cities worldwide: a cross-sectional study. Lancet. (2016) 387:2207-17.
doi: 10.1016/S0140-6736(15)01284-2

Carroll-Scott A, Gilstad-Hayden K, Rosenthal L, Peters SM, McCaslin
C, Joyce R, et al. Disentangling neighborhood contextual associations

dissatisfaction,  social
(2004)  58:1575-84.

Women’s

body

Sci Med.

66.

67.

68.

with child body mass index, diet, and physical activity: the role

of built, socioeconomic, and social environments. Social Science
and  Medicine.  (2013)  95:106-14. doi:  10.1016/j.socscimed.2013.
04.003

Stafford M, Cummins S, Macintyre S, Ellaway A, Marmot
M. Gender differences in the associations between health and
neighbourhood  environment. Soc Sci  Med. (2005) 60:1681-92.

doi: 10.1016/j.socscimed.2004.08.028

Legh-Jones H, Moore S. Network social capital, social participation, and
physical inactivity in an urban adult population. Soc Sci Med. (2012) 74:1362-
7. doi: 10.1016/j.socscimed.2012.01.005

Chuang YC, Chuang KY, Yang TH. Social cohesion matters in health. Int |
Equity Health. (2013) 12:87. doi: 10.1186/1475-9276-12-87

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Pan, Tu, Gu, Li, Liu, Chen, Yu, Wang, Mao, Huo, Hou and Wang.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Public Health | www.frontiersin.org

10

January 2021 | Volume 8 | Article 594874


https://doi.org/10.1016/S0277-9536(03)00209-0
https://doi.org/10.1038/oby.2007.255
https://doi.org/10.1016/j.jhealeco.2003.12.006
https://doi.org/10.2307/2137249
https://doi.org/10.1136/bmjopen-2016-014315
https://doi.org/10.1146/annurev.publhealth.26.021304.144437
https://doi.org/10.1007/s00115-019-00820-z
https://doi.org/10.1016/S0140-6736(15)01284-2
https://doi.org/10.1016/j.socscimed.2013.04.003
https://doi.org/10.1016/j.socscimed.2004.08.028
https://doi.org/10.1016/j.socscimed.2012.01.005
https://doi.org/10.1186/1475-9276-12-87
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Associations of Socioeconomic Status and Physical Activity With Obesity Measures in Rural Chinese Adults
	Introduction
	Materials and Methods
	Study Population
	Assessment of Obesity
	Assessment of SES
	Assessment of PA
	Assessment of Covariates
	Statistical Analysis

	Results
	Basic Characteristics of the Study Population
	Independent Associations Between SES Indicators, PA and Obesity Measures
	Combined Associations of SES Indicators and PA With Obesity Measures
	Sensitivity Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


