1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Epidemiol Community Health. Author manuscript; available in PMC 2019 June 01.

-, HHS Public Access
«

Published in final edited form as:
J Epidemiol Community Health. 2018 June ; 72(6): 484-490. doi:10.1136/jech-2017-210258.

A secular change in the association between urbanization and
abdominal adiposity in China (1993 — 2011)

Yosuke Inouel, Annie Green Howard!2, Amanda L. Thompsonl34, and Penny Gordon-
Larsenl4
1Carolina Population Center, The University of North Carolina at Chapel Hill, NC, USA

2Department of Biostatistics, Gillings School of Global Public Health, The University of North
Carolina at Chapel Hill, NC, USA

3Department of Anthropology, The University of North Carolina at Chapel Hill, NC, USA

4Department of Nutrition, Gillings School of Global Public Health, The University of North Carolina
at Chapel Hill, NC, USA

Abstract

Background—-Little attention has been paid to how the association between urbanization and
abdominal adiposity changes over the course of economic development in low- and middle-
income countries.

Methods—Data came from the China Health and Nutrition Survey wave 1993 to 2011 (7 waves).
A mixed linear model was used to investigate the association between community-level
urbanization with waist-to-height ratio (WHtR; an indicator of abdominal adiposity). We
incorporated interaction terms between urbanization and study waves to understand how the
association changed over time. The analyses were stratified by age (children versus adults).

Results—Adult WHtR was positively associated with urbanization in earlier waves but became
inversely associated over time. More specifically, a one-standard deviation [SD] increase in the
urbanization index was associated with higher WHtR by 0.002 and 0.005 in waves 1993 and 1997
while it was associated with lower WHtR by 0.001 in 2011. Among child participants, the increase
in WHtR over time was predominantly observed in more urbanized communities.
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Conclusion—Our study suggests a shift in adult abdominal adiposity from more urbanized
communities to less urbanized communities over a time of rapid economic development in China.
Children living in more urbanized communities had higher increase in abdominal obesity with
urbanization over time relative to children living in less urbanized communities.
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Introduction

In contrast to other low- and middle-income countries (LMICs) where overweight/obesity
increased predominantly in urban areas [1-5], China has presented a different picture, with
higher obesity prevalence in rural versus urban communities [6]. In addition, Dearth-Wesley
et al. [7] showed in China that during the period between 1991 and 2004 annual change in
overweight prevalence was 14.2% per year among rural communities but 5.7% per year in
urban communities, portending a future shift in the burden of obesity-related non-
communicable diseases toward rural populations. This reversal of the association between
urbanization and obesity, which was suggested to result from dietary change (i.e., transition
to a high-fat and low-fiber diet) among low-income people living in rural communities [7],
needs to be studied more extensively in order to better inform efforts to manage obesity and
its complications.

Our study extends the previous studies on the association between urbanization and obesity
in the following manner. First, instead of body mass index (BMI; a conventional indicator of
obesity), we used waist-to-height ratio (WHtR), which is an indicator of abdominal
adiposity that is directly comparable in youth and adults [8-10]; abdominal obesity is a
major factor of metabolic syndrome (i.e., clustering of cardiovascular disease (CVD) risk
factors) [11, 12] and its patterning in urban versus rural areas is not well understood. In
addition, WHtR is particularly relevant to the Chinese population given the higher
cardiometabolic risk at the same BMI in Asian compared to European populations [13].
Second, we focused on the time span of rapid economic development in China, which is
critical as this economic growth has been accompanied by dramatic changes in lifestyles and
disease profiles. Third, we used a continuous, multicomponent urbanization index that
captured a range of urbanization-related changes across 12 dimensions, which enabled us to
capture a more nuanced definition of urbanization than a simple rural-urban dichotomy [14].

To address these gaps, our objective was to investigate the association between the
community-level urbanization and WHtR from 1993 to 2011 using longitudinal data from
the China Health and Nutrition Survey (CHNS). We used a mixed linear model accounting
for multiple individuals within communities and multiple measurements for individuals by
including random intercepts at both the individual and community levels.
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METHODS

China Health and Nutrition Survey

The CHNS is an ongoing longitudinal cohort study that collects data in 228 communities
across nine provinces in China (North: Heilongjiang, Liaoning; Central: Shandong, Henan,
Jiangsu; South: Hunan, Hubei, Guangxi, Guizhou) in ten survey rounds from 1989 — 2015
[15]. Using a multistage, random cluster design, a stratified probability sample was used to
select study communities; after choosing two cities (urban; one large and one small city) and
four counties (rural; stratified by income [one high, two middle and one low income
counties] using State Statistical Office definitions [16]) in each province, communities were
randomly selected from each city/county, followed by random selection of household within
each community. We used questionnaires to collect demographic, socioeconomic,
behavioral, and health information from each household member. Details on the survey
procedures are described previously [17]. The study was approved by the Institutional
Review Board at the University of North Carolina at Chapel Hill, the China-Japan
Friendship Hospital, Ministry of Health, and the National Institute for Nutrition and Health,
Chinese Center for Disease Control and Prevention. Subjects gave informed consent for
participation.

As waist circumference was collected since wave 1993, we confined our analyses to the 7
waves during the period between 1993 and 2011 (i.e., the latest wave from which data has
been released) (Figure 1). While we collected information from individuals aged 2 and older,
we determined in preliminary analyses that the meaning of WHtR was different among
children at the age of 7 or younger as their WHtR was dependent on height (See
Supplementary Figure 1), therefore we dropped children when they were 7 years or younger
from the analysis (8,416 observations). When they were aged 60 years old and above,
individuals were excluded to avoid age-related body composition changes with aging (i.e.,
height shrinkage and sarcopenia [18]) (18,748 observations). We then excluded participants
who resided in three megacities (i.e., Beijing, Shanghai and Chongging; n = 3,262) since
they newly joined the survey in 2011 and we did not have longitudinal measures on these
individuals. We further excluded participants who did not have anthropometric data (waist
circumference and height measures) (37,093 observations) and whose data were deemed
outliers (n = 1,429; described below). In the end, we had analytic sample of 16,738 adults
living in 238 communities with 46,665 observations and 5,653 children living in 237
communities with 9,423 observations.

Dependent variables

Waist circumference (measured twice at the midway between the lowest rib and the iliac
crest using a tape measure) and height (measured in triplicate using stadiometer) were used
to calculate WHtR (waist cm/height cm). Outliers were identified by the following
procedure: first, we used a bivariate method, which calculates Mahalanobis distance to
identify outliers, in relation to WHtR and height (‘hadimvo’ script in Stata [19]) (20
observations). We then excluded those with WHtR and height which exceeded a threshold of
+/-4SD at given combination of age (in years) and sex (92 observations). Finally, we
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calculated intra-individual difference in height and identified the outliers (i.e., an increase by
10cm after the age of 25 and a decrease by 10 cm at any age range) (1,429 observations).

Explanatory variables

We used a 12-component urbanization index, which was previously validated to capture the
degree of urbanization in the study communities (reliability across study waves [Cronbach’s
Alpha]: 0.85 - 0.89; validity: 0.75 — 0.78) [14]. We included the following 12 components in
the development of the urbanization index; population density; types of economic activity;
traditional market; modern markets; transportation and infrastructure; sanitation;
communications; housing; education; diversity; health infrastructure; and social services
(Supplementary Table 1 for more detailed descriptions) [14]. The score, which theoretical
ranges from 0 to 120, was available in each community and in each study wave; it was
standardized to a mean of 0 and a standard deviation (SD) of 1. We used study years as a
categorical variable (1993 to 2011).

Covariates included: age (in years), sex (male and female), education (graduated from
primary school or less; graduated from junior high school; graduated from high school; and
attained further education), and annual household income per capita inflated to 2011 value
(categorized into tertiles). Educational status among younger participants (i.e., 25 years or
younger) was replaced with that of the household member who attained highest educational
status.

Statistical analysis

We calculated means and standard deviations for continuous measures and percentages for
categorical measures at each wave. We used a mixed model to investigate the association
between the community-level urbanization index and WHtR (continuous) while accounting
for multiple individuals within a community and multiple measurements for an individual by
including random intercepts at both the individual and community levels. We incorporated
the interaction term between the urbanization index and study years to understand how the
associations between urbanization and abdominal adiposity changed across study years. We
stratified the analyses by children and adults (i.e., 7 — 17.99 years/18 — 59.99 years),
accounting for possible differences in determinants and distribution of abdominal adiposity
between these groups [20]. Models were adjusted for age, sex, education and household
income. If information was missing for any of the covariates, we created a “missing”
category and included it in the analysis to keep statistical power.

To interpret our model-based finings, we then calculated predicted values for WHtR at given
combination of urbanization index (i.e., from -2 SD to 2 SD at an interval of 1 SD) and
study years while holding the covariates at their mean values [21]. We also tested wave-to-
wave differences in the direction of interaction terms to identify when the association
between urbanization and WHtR changed.

To test the robustness of the study findings, we conducted a set of sensitivity analyses that
investigated the association while confining our study participants to individuals who
participated multiple times. Six analyses (from twice or more to all seven waves) and two
analyses (from twice or more to three or more waves) were conducted for adult participants
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and child participants, respectively. All statistical analyses were conducted using Stata 14.0
(College Station, TX). The level of statistical significance was set to p < 0.05 for main
effects and p < 0.10 for interaction (two-tailed).

RESULTS

Descriptive statistics for the study participants are shown in Table 1. Mean WHtR increased
over time among adults, which is also illustrated in Figure 2. In contrast, WHtR fluctuated
over time among children.

Table 2 shows the results of a mixed liner regression model investigating the associations
between urbanization and WHtR in adults. The directions of the associations between
urbanization and WHtR in later periods differed from that of wave 1993, as suggested by
positive urbanization-by-study wave interactions in waves 1997 (p = 0.001) and 2000 (p =
0.008) and inverse urbanization-by-study wave interactions in waves 2009 (p = 0.001) and
2011 (p < 0.001). We also found statistically significant differences in the interaction
between waves 1993 and 1997 (p < 0.001), waves 2000 and 2004 (p < 0.001) and waves
2006 and 2009 (p = 0.039) (Supplementary Table 2).

To facilitate interpretation of our model-based findings, we predicted WHIR values using
model coefficients at specified combinations of urbanization index values and study wave
(Figure 3 and Supplementary Table 3). We found that a one-SD increase in the urbanization
index was associated with an increased WHtR by 0.002, 0.005 and 0.004 (waist cm/height
cm) in 1993, 1997 and 2000, respectively, while urbanization was associated with a decrease
in WHtR by 0.001 and 0.001 waist cm/height cm in 2009 and 2011, respectively. During the
period between 1993 to 2011, predicted WHtR of individuals living in less urbanized
communities (one SD below the mean) changed from 0.475 to 0.509 and those of more
urbanized community (one SD above the mean) changed from 0.478 to 0.475.

In children, the urbanization index was inversely associated with WHtR in earlier waves
while it reversed in later waves. More specifically, one-SD increase in the urbanization index
was associated with a lower WHtR by 0.005 in 1993 while it was associated with a slightly
higher WHIR (i.e., 0.002) in 2011 (Figure 3, right panel). Children from less urbanized areas
(one SD below the mean), WHtR changed from 0.429 in 1993 to 0.435 in 2011. In more
urbanized communities (one SD below the mean), WHtR changed from 0.417 in 1993 and
0.438 in 2011.

When we confined the analytical sample by specified numbers of survey visits that
participants contributed data to the models, we found that our central findings for the
association between urbanization and WHtR over time did not substantially differ by the
number of survey visits by respondents (Supplementary Figures 2 (adults) and 3 (children)).
More specifically, in adults, the initial increase in abdominal adiposity was observed in more
urbanized communities, followed by the increase in abdominal adiposity in less urbanized
communities which eventually caught up with the level of more urbanized communities. In
children, the increase in abdominal adiposity during the period was observed more in urban
environments than in rural environments.
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Summary of findings
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Using data from the China Health and Nutrition Survey waves 1993 to 2011, we showed that
the direction of the associations between urbanization and abdominal adiposity changed
during this period. More specifically, in adults, a higher urbanization index was linked with a
higher abdominal adiposity in earlier waves while it was associated with a lower abdominal
adiposity in the more recent waves. In children, abdominal adiposity increased
predominantly in more urbanized communities over time.

Adult participants

Mean WHIR increased from 0.469 in 1993 to 0.513 in 2011. Given that the established cut-
point of 0.5 has been proposed as an international indicator of abdominal obesity [22, 23]
which has been also used in China [9], our findings suggest that a substantial portion of the
population has a WHtR in the range of abdominal obesity. The change we observed (i.e., an
increase of 0.044) is concerning given that previous research in China [24] showed that an
increase in WHtR by 0.05 — 0.06 was associated with statistically significant higher odds in
the range of 1.74 to 2.57 of several cardiometabolic diseases. Furthermore, when we look at
changes in WHIR over time (as we showed in Figure 3), we see that abdominal adiposity
increased predominantly in more urbanized communities between 1993 and 2004, whereas
WHTtR increased in rural communities between 2006 and 2011, essentially showing that
abdominal obesity in rural communities caught up to match and then increase beyond the
average WHtR in more urbanized communities.

The pattern of association we observed in the current study (i.e., reversal of the association
between urbanization and abdominal adiposity over time) may have resulted from the
comparatively greater decline in physical activity in less (versus more) urbanized
communities which was reported in previous literature. Specifically, Attard et al. [25]
examined temporal changes in physical activity using the CHNS data during the period
between 1991 and 2009 and showed that physical activity decline was larger among
individuals living in less urbanized communities compared to those in more urbanized
communities. The Attard paper showed that physical activity declined from 500 to 300
MET-hours/week in communities within the lowest tertile of the urbanization index, while
PA declined from 200 and 125 MET-hours/week in communities in the highest urbanization
tertile, potentially due to the decline in occupational labor [26].

The growing trend in abdominal obesity in adults living in less urbanized communities
might relate to changes in diet with urbanization. For example, Zhai et al. [27] found an
increase in consumption of animal-source foods and away-from-home foods as well as an
increase in less healthy cooking methods, such as frying and cooking with oil. Zhai et al also
found that the daily consumption of edible oil among adults was higher in more urbanized
communities than in less urbanized communities in 1991 (26.8 vs. 21.1 grams) but became
equivalent in 2011 (29.7 vs. 29.8 grams). In addition, during the same period, the proportion
of energy contributed by food-away-from-home increased from 2.9 to 16.4% in less
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urbanized communities while it increased from 14.4 to 20.5% in more urbanized
communities.

Our findings suggest that increased abdominal obesity is a growing concern for public health
officers and researchers since more than 40% of the Chinese population lives in the rural
areas [28]. The cardiometabolic consequences of this increase would be exacerbated if
access to the medical and social system and health-related knowledge remain poor in those
rural areas over time [29, 30]. To avoid a widening of the urban-rural health disparity in
China, policy and intervention efforts are needed to reverse the observed trends in abdominal
adiposity.

In a study of 38 low- and middle-income countries during the period between 1991 and
2004, Neuman et al. [31] found that rural-urban difference in BMI was driven by differences
in SES in low- and middle-income countries. In the current paper, we found that the
association between urbanization and abdominal adiposity changed across study period after
adjusting for education and household income, thus reflecting other sources of urbanization-
related changes that were associated with abdominal obesity beyond income and education.

Child participants

Limitations

In contrast with adults, the average WHtR of child participants in our study did not exceed
the abdominal obesity cut-offs for children aged 7-17 years in China (i.e., 0.47 for boys and
0.45 for girls)[10], abdominal obesity was comparatively lower in children than adults.
However, rapid increases in mean WHtR for children living in more urbanized communities
call attention to the potential for future cardiometabolic risk. Our current findings are in line
with previous research that reported urbanization is positively associated with an increase in
childhood obesity in China [32, 33]. Future study should focus on how this increase in the
child obesity in more urbanized communities will be linked with the urbanization-obesity
association in the future when they grow up.

In our study, the associations between urbanization and WHtR were inverse in the earlier
study waves. These inverse associations may be due to the taller heights of children living in
more urbanized communities compared to children in less urbanized communities (data not
shown), and not because of lower waist circumference in urban children compared to their
rural counterparts. Zong et al. [34] reported based on the Chinese National Survey on
Students Constitution and Health that obesity prevalence in urban areas was higher than in
rural areas during the period between 1985 to 2010. In less urbanized communities, waist
circumference increased in proportion to height while in more urbanized communities, waist
circumference increased at a higher pace than height so that WHtR of urban children
outpaced that of rural children.

There are several limitations to our study. First, there are several variables that would have
explained the secular change in the association between urbanization and WHtR, e.g.,
energy balance. While we have information on estimated energy consumption and physical
activity level based on a 3-day dietary recall and a physical activity questionnaire [27, 35],
they cannot be used to measure energy balance. Second, there were participants who did not
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attend every survey wave while this is inevitable given the nature of long-term population-
based studies. To check the robustness of our study findings we confined our analytic
samples to participants who attended multiple times and confirmed that our results did not
change. We also confirmed that there were no clear differences in the pattern of the variables
between those who stayed longer in the survey and those who dropped earlier.

CONCLUSION

Our longitudinal study in China during the period between 1993 and 2011 suggests that the
association between urbanization and central obesity was positive in earlier waves while it
reversed in the more recent waves in adults. In children, the increase in central obesity was
predominantly observed in more urbanized communities. Future studies should focus on
whether abdominal obesity will continue to increase in more remote areas of China where
medical and social systems remain less available.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already know on this subject?

. Urbanization is associated with an increase in overweight and obesity,
particularly in low- and middle-income countries, but less is known about the
changes in abdominal adiposity.

What this study adds

. In China, abdominal adiposity has increased more rapidly and became higher
in adults living in less urbanized communities compared to individuals in
more urbanized communities during the period between 1993 and 2011.

. In children, more urbanized environment was associated with an increase in
abdominal adiposity.

J Epidemiol Community Health. Author manuscript; available in PMC 2019 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Inoue et al.

Whole participants
(n=124,631)

|y

Individuals aged less than 8 or
60 years and above (n = 27,164)

Age: 8
(n=9

-59.9
7,467)

Individuals who resided in
three megacities (n = 3,206)

Living in 9 provinces
(n=94,261)

No information on WHtR
(n =36,641)

(n=5

Information on WHtR

7,620)

f——p

Outliers (n = 1,532)

- Bivariate method (n = 17);
Exceeding +/- 4SD (n = 89)

- Change of height by 10 cm
(n =1,426)

(n =5

Analytic sample

6,088)

Figure 1.

Page 12

Participants in the 7 waves of the China Health and Nutrition Survey in China (1993 to

2011).
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Box plots of waist-to-height ratio shown by sex, age category and wave in China (1993 and

2011).

Each boxplot shows the median and 25™ and 75! percentile values by given age-sex

category. The upper adjacent value was defined as the largest figure less than or equal to the
75t percentile values + 1.5 x interquartile range (IQR) and the lower adjacent value was
defined as the smallest figure more than or equal to the 25! percentile values —1.5 x IQR.
Dots represent participants whose waist-to-height ratio did not fall between the two adjacent

values.
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Figure 3.

Predicted waist-to-height ratios in relation to the degree of urbanization among study
participants in the China Health and Nutrition Survey (1993 — 2011).

Waist-to-height ratios at given combination of urbanization index and study wave were
predicted by age category (i.e., adult/child participants) while holding the covariates at their
mean values.
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Table 2

Results of a multilevel liner regression analysis investigating the association between urbanization and center
adiposity in China (1993 - 2011)

Adult participants (46,665 obs) Child participants (9,423 obs)
coef. (95%Cl) p-value  coef. (95%Cl) p-value
Urbanization index () 0.002 (0.000 to 0.004) 0.021  -0.006 (-0.009 to -0.003) ~ 0.001
Wave (ref. wave 1993)
1997 0.009 (0.007 to 0.010) <0.001 0.006 (0.002 to 0.009) 0.003
2000 0.015 (0.013 to 0.017) <0.001 0.006 (0.002 to 0.010) 0.001
2004 0.019 (0.017 to 0.021) <0.001 0.008 (0.004 to 0.012) <0.001
2006 0.019 (0.017 to 0.021) <0.001 0.005 (0.001 to 0.009) 0.028
2009 0.024 (0.022 to 0.026) <0.001 0.008 (0.003 to 0.012) 0.001
2011 0.030 (0.028 to 0.032) <0.001 0.014 (0.009 to 0.018) <0.001
Urbanization x Wave
1997 0.003 (0.001 to 0.005) 0.001  0.002 (-0.001 to 0.006) 0.208
2000 0.002 (0.000 to 0.004) 0.008  0.005 (0.001 to 0.008) 0.015
2004 -0.000 (-0.002 to 0.001) 0.853  0.004 (0.000 to 0.008) 0.046
2006 -0.001 (—0.003 to 0.000) 0.099  0.006 (0.002 to 0.010) 0.003
2009 -0.003 (-0.004 to -0.001)  0.001  0.007 (0.002 to 0.011) 0.003
2011 -0.003 (-0.005 to -0.002) < 0.001  0.007 (0.003 to 0.012) 0.002
Age 0.002 (0.002 to 0.002) <0.001 -0.001 (-0.001to -0.000) < 0.001
Sex 0.009 (0.007 to 0.011) <0.001 -0.005 (-0.007 to —0.003) < 0.001
Education (ref. primary school)
Junior high -0.002 (—0.003 to 0.000) 0.077  0.003 (—-0.004 to 0.010) 0.388
High -0.003 (-0.005 to -0.001)  0.002  0.004 (—0.003 to 0.011) 0.267
Post-secondary -0.008 (-0.010 to -0.005) < 0.001 0.006 (-0.001 to 0.013) 0.076
Missing -0.000 (—0.005 to 0.004) 0.409  0.009 (-0.010 to 0.027) 0.361

Household income (ref. Low) 2

Middle -0.000 (-0.001 to 0.001) 0.639  —0.000 (—0.002 to 0.002) 0.976
High 0.001 (-0.000 to 0.002) 0.096  0.002 (-0.001 to 0.005) 0.123
Missing 0.002 (—0.002 to 0.005) 0.409  -0.008 (-0.015 to —0.000)  0.050
(])The urbanization index was standardized to a mean of 0 and a standard deviation of 1, with a higher value indicating more urbanized community

environment.

2

Household income was divided by square root of the number of household members and categorized into tertiles (low, middle and high).
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