Influence of neighborhood environments on
overweight/obesity in Chinese older adults: A three-level

longitudinal analysis

Introduction

Obesity is becoming a widespread condition among older adults. The prevalence of
obesity in the world doubled between 1980 and 2008 (WHO, 2012). And the incidence of
obesity among the elderly in China has reached 37.33% in males and 51.87% in females
under the rapid socioeconomic growth (Luo et al., 2018). A significant number of physical
and mental comorbidities are correlated with obesity, which affects the quality of life and
the risk of early mortality as well (Visscher et al., 2001).

Living environments were found to play a critical role in the obesity epidemic (Zhang
et al., 2020). Most of the previous research has only examined the influence of built
environments on older adults’ BMI (Giskes et al., 2011; Mackenbach et al., 2014). However,
the influence of natural environments on older adults’ BMI has not been fully investigated,
which are regarded as an essential contributor to obesity (Westerterp-Plantenga et al.,
2002). There are only some studies examined the natural environments-health associations
among older adults and found that fresh air, comfortable temperatures, and hilly
topography had a positive effect on their health outcomes (Stige et al., 2006; Bell et al., 2008;
Sint et al., 2008; Zeng et al., 2010).

Therefore, using the data from the Chinese Health and Retirement Longitudinal
Survey (CHARLS, 2011, 2013, and 2015), this study aimed to investigate the effects of
socioeconomic, built, and natural villages/communities (VC) environments on older adults’

BMI and overweight/obesity risk.

Data and method

Data

The data used in this study were drawn from the Chinese Health and Retirement



Longitudinal Survey (CHARLS), which is a nationally representative sample of Chinese
residents aged 45 and older. Using a multistage stratified Probability Proportional to Size
sampling, the baseline survey in 2011 randomly selected 150 county-level units, 450
community-level units, 10257 households, and a total of 17708 people from the country.
All data were collected by face-to-face computer-assisted personal interviews with a
response rate of over 80% at the baseline. Three follow-up surveys were carried out in 2013,
2015, and 2018 respectively, with follow-up progress rates over 86% (Zhao et al., 2020). The
data collection was approved by the Ethics Committee of Peking University, and each
participant was informed of the purpose of this survey. The participation of each
participant in the study was voluntary, and they were assured that their privacy would be
strictly protected.

Since there was no information on participants’ height and weight in the 2018 wave,
we used 2011, 2013, and 2015 waves of CHARLS to investigate the association between
body mass index (BMI) and depressive symptoms among Chinese older couples. After
excluding those who under the age of 60, and those who had missing values in the
variables of interest across three waves, the final analytic sample consisted 13122 older

adults in 370 villages/communities (VC).
Measures

Body mass index (BMI) was calculated from participants’ height and weight using the
formula weight(kg)/height(m)>.

Socio-economic environments were measured by the type (1=communities, O=villages),
per capita net income (1=higher than the average, O=lower than the average), and Illiterate
rate (1=20% and above, O=below 20%).

Built environments were measured from the road type, whether the village has a
supermarket (1=yes, 0=no), and whether the village has an activity center for the elderly
(I=yes, 0=no). Road type was measured by “What type of road does your VC mainly
have?”, the options provided were (1) Paved road; (2) Unpaved road; (3) Sandstone road;
(4) Highway. We treated the road type as a dummy variable, where 1=Unpaved road,

O=other.



Natural environments were measured from geographic topography, temperatures, air
quality, and natural disasters. Topography was measured by “What is the main
terrain/topography of your VC?”, the available options were (1) Plain; (2) Hill; (3)
Mountainous region; (4) Plateau; (5) Basin. We treated topography as a categorical variable,
where 1=Plain, O=other. Temperatures were measured using the average annual lowest and
highest temperature in 2010, which were regarded as a continuous variable. Air quality
was measured by “Does your VC has industrial pollution?”, where 1=yes, O0=no. The
natural disaster was measured by “Has your VC experienced serious natural disasters in
the past five years?”, where 1=yes, 0=no.

Covariates, including gender (1=male, O=female), age (grand-mean centered), hukou
type (1=urban, O=rural), education (l=educated, O=illiterate), marital status (l1=having
spouse, 0=no spouse), depressive symptoms (CES-D-10, grand-mean centered), ADL

dependence (1=yes, 0=no) were controlled in this study.
Analytic strategy

Random intercept multilevel model was employed to examine the Influence of
neighborhood environments on the body mass index among Chinese older adults. A three-
level multilevel models were employed to examine the influence of living environments
on Chinese older adults” BMI and obesity risk. The first level was the observations, the
second level was the elderly, and the third level was the village/community (VC). The

analysis was conducted in Stata Version 15.

Results

Table 1 showed that the elderly living in communities had a higher BMI and
overweight/obesity risk than the elderly living in villages. The elderly in the VC with a
supermarket had a higher BMI and overweight/obesity risk than those without. The
elderly whose VC was in the plain have a higher BMI and overweight/obesity risk than
those whose VC was in hills, mountains, plateaus, basins. The lower the annual lowest
temperature of the VC, the higher the BMI and overweight/obesity risk of the elderly; the
higher the annual highest temperature of the VC, the higher the BMI overweight/obesity

risk of the elderly. The elderly in the VC where natural disasters had occurred in the past



five years had a lower BMI and overweight/obesity risk.

Table 1. Coefficients of three-level multilevel models predicting body mass index (BMI)
and overweight/obesity risk among Chinese older adults, CHARLS, 2011-2015.

_ BMI Overweight/Obesity
Variables
Coefficient S.E. Coefficient S.E.

Demographic characteristics

Male (Female) -1.094%** (0.092)  -2.044%*** (0.200)

Age -0.023**x* (0.006)  -0.075*** (0.013)

Rural (Urban) -0.624*** (0.164)  -1.210*** (0.326)

Educated (Illiterate) 0.332** (0.101)  0.599** (0.210)

Having spouse (No) 0.039 (0.069) 0.536** (0.181)

Depressive symptoms -0.006* (0.003) -0.013 (0.009)

IADL dependence (No) -0.001 (0.041) 0.284* (0.128)
Socio-economic environments

Villages (Communities) -0.537** (0.205)  -0.891* (0.386)

Higher income (Lower) 0.125 (0.147) 0.046 (0.272)

[lliterate rate above 20% (No) 0.396 (0.209) 0.651 (0.382)
Built environments

Unpaved road (Paved) -0.086 (0.163) -0.386 (0.302)

Supermarket (No) 0.430** (0.155)  0.904** (0.285)

Activity center (No) -0.117 (0.146)  -0.300 (0.271)
Physical environments

Plain (Others) 0.637*** (0.139)  1.139%** (0.257)

Lowest temperature -0.025%** (0.006)  -0.042%** (0.011)

Highest temperature 0.053* (0.021)  0.112** (0.040)

Disaster occurred (No) -0.360** (0.134)  -0.655** (0.249)

Industrial pollution (No) 0.162 (0.179)  0.236 (0.330)
Constant 21.869%** (0.823)  -5.020** (1.550)
Observations 13,122
Number of groups 370

Notes. BMI = Body Mass Index; Reference categories in parentheses of the first column; * p < 0.05, ** p <0.01,
**% p<0.001.

Conclusion

This study found that compared with the socioeconomic environments and built
environments, the natural environments had a greater impact on Chinese older adults’
BMI and overweight/obesity risk. Further research should be conducted to explore the
mechanism between natural environments and older people’s BMI and

overweight/obesity risk.
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