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Why is there gender disparity in the body mass index
trends among adults in the 1997-2011 China health and

nutrition surveys?
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Background and Objective: Over the past three decades, the prevalence of overweight and obesity in China has
increased greatly. Chinese body mass index (BMI) dynamics have shown much greater rates of changes among
men, aged 18-45 years, than among women. This study examined the gender difference in the BMI trends and re-
lated factors. Methods and Study Design: We used longitudinal data from the China Health and Nutrition Sur-
vey collected in 1997, 2000, 2004, 2006, 2009 and 2011. A total of 10,982 participants (N=5339 men and 5643
women) aged 18-45 years were included in the final analysis. Lambda mu sigma method (LMS) was used to de-
scribe changes of BMI distribution. Separate sex-stratified multilevel random intercept-slope growth models were
applied to examine effects of individual and community variables on BMI trends of Chinese adults. Results:
Male BMI increased by 0.21 kg/m?* overtime, which was larger than female BMI at 0.16 kg/m’. Higher income,
drinking and away-from-home food consumption were associated with higher BMI, and these variables were only
significant among men. Physical activity (PA) had a negative association for both genders. Conclusions: Since
different variables resulted in gender disparity in BMI trends among Chinese adults, separate health policies

should be developed for men and for women.
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INTRODUCTION

Though obesity is traditionally associated with developed
countries, it has now become a pandemic health concern
that includes developing countries such as China, as
well.'” The prevalence of overweight and obesity of Chi-
nese adults rose rapidly in the most recent decade, reach-
ing at 30.6% and 12.0% in 2010, respectively.* Research-
ers have reported that the prevalence of overweight and
obesity has been increasing faster in men than in women
since the 1990s, especially in the middle-aged Chinese
population.™® Researches from other countries have also
found a similar phenomenon. Data from Canadian sur-
veys showed that the distribution of BMI has shifted to
the right since the 1970s, especially among men, and that
men were more likely to be overweight than women.’
Findings from the Korea National Health and Nutrition
Examination Surveys also indicated gender differences in
obesity trends.”

China has experienced dramatic economic and social
changes in the past decades that have affected people’s
lifestyles, especially the way they eat, drink and move.
The Chinese people have rapidly increased their con-
sumption of edible oils, animal source foods, snacks and
fried food and have adopted many other unhealthy behav-
iors.” At present, eating away from home is playing a
larger part in the Chinese diet, due to rapid urbanization
and income growth. These changing conditions are pro-

moting significant gender disparities in BMI trends. As a
result of all these factors, China’s history of under-
nutrition has been followed by a rapid increase in obesity
and obesity-related diseases, with differential rates across
rural and urban areas.'*"!

On the PA side, urbanization worldwide has provided
many benefits in living, transportation, health service and
other facilitative community aspects. However, rapid ur-
banization has had certain deleterious impacts on the eat-
ing habits, lifestyles and the overall health of individuals
within developing communities, causing a significant
nutritional transition in Africa, China and India, for in-
stance.'” A recent study has demonstrated that rapid
changes in mechanized transportation, home production
and market production have led to a dramatic reduction of
total PA in China." 1t is, therefore, essential to consider
community-level effects as one of the most important var-
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iables in the growing obesity epidemic.

Several analyses have investigated a number of indi-
vidual-level effects on overweight in Chinese adults. As
attained education is typically an indicator of socioeco-
nomic status, Jones Smith found that low socioeconomic
status has become associated with higher BMI and in-
creased odds of overweight among Chinese women,
while higher socioeconomic status remains a risk factor
for overweight among Chinese men," which demon-
strates the education attainment disparities. There are also
regional differences, as women living in communities
with different initial urban scores have different odds of
becoming overweight/obese.” To our knowledge, few
researchers have examined both the individual- and the
community-level effects on Chinese BMI trends that may
result in gender differences in the prevalence of over-
weight and obesity. In this multi-level study, we exam-
ined the association of these variables with different
changes in BMI trends among men and women in China.

MATERIALS AND METHODS

Study population

Data were derived from the China Health and Nutrition
Surveys (CHNS), a prospective household-based study
conducted between 1989 and 2011 that included individ-
uals of multiple ages across nine rounds of surveys from
nine diverse provinces (Heilongjiang, Liaoning, Jiangsu,
Shandong, Henan, Hubei, Hunan, Guangxi and Guizhou)
and three mega-cities (only in 2011). A multistage, strati-
fied sampling design was used to ensure that CHNS pro-
vided a fair representation of urban and rural areas. Using
sampling strategy, two cities and four counties per prov-
ince were selected based on income. Within cities, two
urban and two suburban communities were randomly
selected based on urbanicity. Within counties, one com-
munity in the capital city and three rural villages were
randomly chosen also based on urbanicity. Twenty
households per community were then randomly selected
for participation. The data were collected by trained and
certified health workers. Survey protocols, instruments
and the process for obtaining informed consent for this
study were approved by the institutional review commit-
tees of the University of North Carolina at Chapel Hill as
well as the National Institute for Nutrition and Health,
which is affiliated with Chinese Center for Disease Con-
trol and Prevention. Participants provided their written,
informed consent. Additional details regarding the CHNS
data are provided elsewhere."

Our samples included the six most recent rounds of
CHNS, which were collected in 1997, 2000, 2004, 2006,
2009 and 2011. We limited the sample to participants
between 18 and 45 years old who were not disabled,
pregnant or lactating during a particular wave and had
complete data. This meant the exclusion of all observa-
tions from the three megacities (Beijing Shanghai and
Chonggqing), as data were collected in those areas in 2011
only. Our final analysis sample included 11,963 male-
wave observations and 12,161 female-wave observations.

Dependent variables
Anthropometry
Weight and height were measured following standardized

protocols from the Word Health Organization (WHO) by
trained field staff. Weight was measured without shoes
and in light clothing to the nearest 0.1 kg on a calibrated
beam scale; height was measured without shoes to the
nearest 0.1 cm using a portable stadio-meter. BMI was
calculated as weight (in kg) divided by height (in m)
squared. According to the Chinese definitions, over-
weight and obesity were defined using BMI (weight in
kilograms/height meters®) cutoff points of 24 and 28, re-
spectively. We used BMI as a continuous variable.

Individual-level variables

All analyses were stratified by gender in order to deter-
mine differences between men and women in China.
There are two kinds of variables in this analysis. The first
is categorical variables. For example, time was defined as
six waves (0=1997; 1=2000; 2=2004; 3=2006; 4=2009;
5=2011). Age was categorized into five groups (0=18-24;
1=25-29; 2=30-34; 3=35-39; 4=40-45). Marital status was
dichotomous (0O=others; 1=currently married). Education
was categorized into three groups (0=a primary school
education or less; 1=a middle school education; 2=a high
school or college education). Smoking status was dichot-
omous (0=not current smoking; 1=current smoking), as
were drinking status (0=not current drinking; l=current
drinking) and eating away from home (0=no; 1=yes).

The second kind of variable is continuous. Individual
income was based on reported gross annual per capita
household income, which was inflated to 2011 values.'®
The average metabolic equivalent hours per day was used
to indicate the PA level, which included four domains:
occupational, domestic, leisure and travel. A unit of MET
is defined as the ratio of a person’s working metabolic
rate relative to his/her resting metabolic rate. How these
values were calculated is described in previous
papers.''® Detailed dietary consumption data was esti-
mated from three consecutive 24-h recalls for each indi-
vidual, supplemented with a daily inventory of all availa-
ble foods in the household.” We used the 3-day mean
percentage of energy intake from fat in this study.

Community-level variable

A multidimensional index was developed specifically for
the CHNS to capture the urbanization level in Chinese
communities.” This method, which measures various di-
mensions of urbanization, has been previously used in
papers.'”**! In this study, the urbanization index was
divided into tertiles (0=low urbanization, 1=middle ur-
banization and 2=high urbanization) and was included as
a categorical variable in statistical models.

Statistical analysis

First, we calculated descriptive statistics on individual
demographic variables stratified by gender in each survey
wave. Continuous variables were presented as means and
standard deviations (SD). Categorical variables were ex-
pressed as percentages. We used trend Chi-square tests
for categorical variables and Kruskal-Wallis tests for con-
tinuous variables to examine the changes over time and
note when there were statistically significant differences
in means (or percentages) among the selected years when
p<0.01. Since the age distributions across the six study



694 YF Ouyang, H] Wang, C Su, WW Du, ZH Wang and B Zhang

periods were greatly different, all survey data were stand-
ardized to the age distribution of the China Census popu-
lation in 2010.%

Second, we used the LMS method from the VGAM
package (R version 3.0.3) to present figures for the distri-
bution of BMI in 1997 and 2011, which reveals shifts in
obesity measures (Figure 1).

Finally, separate sex-stratified multilevel random inter-
cept-slope growth models were used to investigate the
outcome effects of covariates measured at different levels
of a hierarchy on the outcome. Model 1 controlled for
time only to examine the time effects on BMI growth.
The individual-level variables were then added into the
equation to estimate Model 2. These consisted of age,
marital status, education level, smoking, drinking, per
capital family annual income, eating away-from home,
PA and percentage of energy take from fat. For Model 3,
the community-level variable was added onto Model 2.
Interaction terms were included in Model 4 only if they
improved the model fit significantly. Models were com-
pared using the difference between the deviances as a
negative twice likelihood ratio (-2 LL) statistic to indicate
whether one model was a significant improvement over
the other. Descriptive analyses and multilevel random
intercept-slope growth models were conducted using SAS
9.2 (SAS Institute, Cary, NC).

RESULTS
Table 1 shows the characteristics of the study sample.

Trends of BMI distribution curves among men and
women

Figure 1 shows the smoothed distribution curves using
LMS methods of BMI shifted over time among men and
women aged 18-45 years, for selected years. For both
genders, the main characteristic of the changes was the
shift to the right in the curves, with the distributions be-
coming wider and a higher proportion of the samples hav-
ing a higher BMI. During the entire period, the distribu-
tion curve moved a lot for men but moved only a little for

Shifts in the BMI distribution for Men
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The association between different level factors based on
multilevel longitudinal models

Individual-level fixed effects in multilevel random inter-
cept-slope growth models are interpreted as the average
effect of the variable across communities.”’ We found a
positive association between survey year and BMI for
both genders (Tables 2 and 3). However, male BMI in-
creased by 0.21 kg/m? overtime, which was larger than
for females, whose BMI increased by 0.16 kg/m*. Among
individual-level factors for men, older age, being current-
ly married, having a higher education level, drinking,
having a higher income and away-from-home food con-
sumption were significantly positively associated with
BMI increase, while smoking and PA were significantly
negatively associated. For women, older age, being cur-
rently married and their percentage of energy intake from
fat were positive predictors for BMI. However, having
PA was significantly associated with lower BMI for them
as well.

Tables 2 and 3 also show the fixed-effects results for
community-level urbanization. After adjustment for indi-
vidual predictors, urbanization was significantly associat-
ed with the increase of BMI for men and women. For
men, an increase of urbanization tertiles resulted in a 0.10
kg/m® increase in BMI; it resulted in a 0.36 kg/m’ in-
crease in BMI for women.

Finally, we tested cross-level interactions between ur-
banization and all individual-level variables to determine
whether the effects of urbanization differed by individual-
level characteristics. We found no evidence of significant
interaction between any individual-level variable and
urbanization for men. However, for women there was a
significant interaction between urbanization and wave,
suggesting that for women the relationship between ur-
banization and BMI differs by wave. There were also
significantly interactions between urbanization and edu-
cation level and between urbanization and percentage of
energy intake from fat, which indicated that the relation-
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Figure 1. Shift in distribution of BMI in Chinese adults aged 18-45 years old, 1997-2011
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Table 1. Characteristics of the sample
W Men Women
ave 1997 2000 2004 2006 2009 2011 1997 2000 2004 2006 2009 2011
Sample size (N) 2474 2465 1967 1804 1801 1452 2270 2402 2023 1999 1888 1579
Age groups (%)"
18-24y 22.5 19.3 15.1 14.5 15.7 14.5 17.4 14.6 11.2 104 11.9 11.0
2529y 18.8 15.9 15.2 11.0 10.7 12.7 13.6 13.6 12.5 10.9 11.2 10.5
30-34y 19.3 17.7 19.5 18.5 15.9 14.9 21.7 19.4 20.1 18.8 14.8 15.1
35-39y 15.6 22.8 22.1 233 23.8 21.1 17.9 24.7 25.0 24.5 25.0 23.2
40-45y 23.8 24.3 28.3 32.6 33.8 36.9 29.3 27.6 31.2 35.5 37.1 40.2
Currently married (%) 72.3 74.3 76.0 78.0 77.2 78.0 80.2 81.8 85.4 86.6 87.0 87.0
Education level (%)
Illiteracy/primary 26.0 18.8 15.9 15.8 18.3 17.5 41.9 324 29.3 25.8 27.9 25.1
Middle school 44.9 47.1 47.9 44.0 48.7 45.7 34.2 39.7 41.2 42.7 42.9 43.7
High school and above 29.1 34.1 36.2 40.1 33.0 36.8 24.0 27.9 29.5 314 29.2 31.2
Smoking (%) 61.9 60.8 61.3 58.5 60.5 58.1 2.72 2.06 2.08 1.15 1.32 1.27
Drinking (%)" 65.6 63.2 61.2 61.2 62.9 62.3 10.9 9.4 9.5 8.9 10.7 10.6
Per capital income (1000 RMB/year)" 4.27 5.47 7.37 8.77 12.0 14.9 4.30 5.59 7.26 8.50 11.7 13.9
(3.49) (5.73) (7.40) (10.2) (14.2) (18.5) (3.62) (5.66) (7.31) (10.8) (12.6) (15.8)
Away from home consumption (%)” 41.4 50.9 53.2 55.5 64.1 66.8 35.8 45.6 49.1 54.9 60.4 62.2
Total physical activity (METs/d)" 49.5 44.0 37.5 37.6 38.4 36.8 54.2 46.8 39.9 40.2 38.6 36.9
(30.4) (28.7) (27.8) (28.7) (27.0) (24.7) (35.2) (33.4) (31.6) (31.7) (30.0) (27.9)
Percentage of energy take from fat” 26.0 28.3 27.3 30.4 31.0 33.6 25.7 28.8 27.9 30.7 31.8 34.6
Urbanization index tertiles (score)”
Low urbanization 31.8 38.2 40.6 41.2 45.0 48.4 31.6 38.1 39.9 41.4 45.0 48.2
(5.65) (5.84) (5.73) (6.13) (6.10) (6.30) (5.56) (5.89) (6.20) (5.97) (6.20) (6.25)
Middle urbanization 52.5 57.6 61.2 63.8 64.4 69.7 52.5 57.4 60.8 63.4 64.2 70.3
(6.55) (7.55) (8.67) (8.16) (7.4) (7.55) (6.45) (7.66) (8.84) (8.26) (7.56) (7.59)
High urbanization 73.5 80.2 85.6 87.3 89.5 91.3 73.7 80.4 85.7 87.1 89.3 91.4
(5.98) (4.68) (5.33) (6.03) (6.00) (4.89) (5.97) (4.61) (5.29) (5.88) (5.70) (4.81)
BMI (kg/m®)’ 22.0 22.6 22.9 23.2 23.2 23.7 22.2 22.6 22.5 22.6 22.6 22.7
(2.74) (3.05) (3.17) (3.24) (3.46) (3.51) (2.82) (3.06) (3.17) (3.16) (3.32) (3.39)

*p<0.01, trend Chi-square tests for categorical variables and Kruskal-Wallis tests for continuous variables.
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Table 2. Coefficients from multilevel random intercept-slope growth models for men predicting changes of BMI,
1997-2011

Fixed effects Model 1 Model 2 Model 3
Intercept 21.9 (0.046)" . 20.7 (0.090)" . 20.6 (0.095)" .
Wave (ref=1997) 0.389 (0.014) 0.209 (0.017) 0.213 (0.017)

Individual level
Age (ref=18-24)
Current married (ref=no)
Education level (ref=no/primary)
Smoking (ref=no)
Drinking (ref=no)
Per capita family annual income
Eating away from home (ref=no)
Physical activity
Percentage of energy take from fat
Community level
Urbanization index (ref=low)
Random effects
Intercept 7.12 (0.210)°
Wave 0.224 (0.016)"

0.326 (0.024)
0.630 (0.067)
0.267 (0.044)

: 0.324 (0.024)
-0.109 (0.044):

0.629 (0.067)"
0.244 (0.045)"
-0.110 (0.044)"
0.128 (0.039) i
0.005 (0.002) :
0.178 (0.042) :
-0.003 (0.001) :
0.003 (0.002)

0.127 (0.039)
0.004 (0.002)
0.165 (0.042)
-0.003 (0.001)
0.002 (0.002)

0.104 (0.041)

6.29 (0.207)"

6.26 (0.207)"
0.220 (0.016)"

0.220 (0.016)"

Residual 1.69 (0.036)" 1.66 (0.039)" 1.66 (0.039)"
Model fit

-2 likelihood ratio 53878 47110 47103
"p<0.01

Table 3. Coefficients from multilevel random intercept-slope growth models for women predicting changes of
BMI, 1997-2011

Fixed effects Model 1 Model 2 Model 3 Model 4
Intercept 21.9 (0.046)" 21.0 (0.094)" . 21.0 (0.098) . 20.8 (0.108) .
Wave (ref=1997) 0.226 (0.014)" 0.057 (0.017) 0.057 (0.017) 0.156 (0.023)

Individual level
Age (ref=18-24)

0.489 (0.024)"

0.489 (0.024)"

0.482 (0.024)"

Current married (ref=no) 0.496 (0.084)" 0.496 (0.084)" 0.499 (0.083)"
Education level (ref=no/primary) -0.260 (0.042)" -0.259 (0.043)" -0.125 (0.061)"
Smoking (ref=no) -0.036 (0.081) -0.036 (0.081) -0.033 (0.081)
Drinking (ref=no) 0.004 (0.054) 0.004 (0.054) 0.007 (0.054)
Per capita family annual income -0.003 (0.002) -0.003 (0.002) -0.002 (0.002)
Eating away from home (ref=no) 0.017 (0.039) 0.017 (0.040) 0.013 (0.039)
Physical activity -0.003 (0.001)" -0.003 (0.001)" -0.003 (0.001)"
Percentage of energy take from fat 0.002 (0.002) 0.002 (0.130) 0.006 (0.002)"
Community level
Urbanization index (ref=low) -0.003 (0.039) 0.358 (0.066)"
Interaction terms
Wave" Urbanization -0.100 (0.016)"
Education level” Urbanization -0.144 (0.043)"
Percentage of energy take from -0.004 (0.002)"
fat” Urbanization
Random effects
Intercept 7.32(0.210)° 6.57 (0.207)" 6.57 (0.207)" 6.53 (0.205)"

Wave 0.196 (0.015)" 0.180 (0.016)" 0.180 (0.016)" 0.169 (0.015)"

Residual 1.54 (0.032)" 1.48 (0.034)" 1.48 (0.034)" 1.48 (0.034)
Model fit

-2 likelihood ratio 54300 47444 47444 47379
"p<0.01

ship between urbanization and BMI also differs by educa-
tion level and energy intake from fat among women.

and 2011 were found among both genders, the shift in
women was less evident than in men. Previous studies
have documented similar increases in overweight and
obesity as well as gender differences in BMI trends.'**
Our results from multilevel longitudinal models show
the association between different level factors and gender
disparity in BMI trends among Chinese adults. The study
identified that time had a positive association with men
and women in all models. Male BMI increased by 0.21

DISCUSSION

Our longitudinal data provide evidence of an upward
trend in BMI distribution among Chinese adults aged 18-
45 years over the 23 years of the study. Both male and
female BMI shifted to the right year by year. Although
shifts to the right in the distribution of BMI between 1997
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kg/m® over time, which was larger than female BMI,
which increased by 0.16 kg/m®. Age was also a signifi-
cant predictor between men and women; the elderly of
both genders had a higher BMI. When comparing all in-
dividual-level variables, only the influence of age for
women is greater than for men. For example, both gen-
ders who were currently married had higher BMI values
than unmarried individuals, with a 0.63 kg/m? increase in
male BMI and a 0.50 kg/m® increase in female BMI.
However, higher income, drinking and engaging in away-
from-home food consumption were associated with high-
er BMI, and these were only significant among men.
What’s more, the level of education had opposite effects
on BMI for men and women, with a positive association
for men and a negative association for women. This find-
ing has been reported by other research.'*

The obesity epidemic can be attributed to a widespread
imbalance between energy intake and energy
expenditure.” Researchers have carefully documented
dietary and PA changes and their effects on obesity
patterns and have shown that both are equally important
in explaining these trends.'”**** Chinese modernization
over the decades has been resulting in rapid economic,
social and cultural changes that have led to these male-
female differences. For example, highly educated men
often get higher incomes and have more social activities
and opportunities for eating out than women.'* When
eating out, people tend to eat larger sizes, consume more
energy-dense foods and increase their alcohol intake as
compared with eating at home.”**” Yet women with a
higher education level did not experience concomitant
BMI changes, presumably because of either improved
health knowledge or a preference for a thinner body
size.'"* Some evidence indicates that desired body size
among Chinese women had been tall and thin since the
1970s.*

For another example, people’s lifestyle is influenced by
age-related employment and occupational patterns. Men
with a higher level of education have substantially more
sedentary jobs or get less total PA than highly educated
women. A nationally representative Chinese survey
showed that male adults spent more time on sedentary
behaviours (2.9 h/d) than female adults (2.6 h/d) in
2010.* Nowadays, Chinese women have not only taken
on some of the responsibility to support the family to-
gether with men, but also still have to undertake the bulk
of the housework in the home.

In this study, we also found that the significant nega-
tive association between urbanization and BMI differed
for women by wave, education level and percentage of
energy intake from fat. These findings provide more in-
sight into how the level of education had a negative asso-
ciation for women, as Jones Smith reported.'* Urbaniza-
tion, while generally tending to increase BMI, had less a
negative effect on women who had higher education lev-
els. As time went by, urbanization had less effect on fe-
male BMI, though this differed depending on the percent-
age of energy intake from fat.

Since urbanization will continue unabated in China, it
will continue to spur changes in dietary behaviour, with
an increasing intake of edible oils, fried foods and ani-
mal-source foods and declines in PA due to less occupa-

tional, domestic and travel activity and more sedentary
time. This phenomenon seems unlikely to reverse itself.
Thus, it is urgent to conduct health promotion projects in
order to educate people on how to live a more healthy life
in an urban setting. For example, to encourage people to
decrease the frequency of away-from-home food con-
sumption, choosing fewer animal-source foods, eating
less fast food and consuming more vegetables and fruits,
in accordance with the Dietary guidelines. Additionally,
policies are necessary to support the production of
healthy and nutritious foods and to label all foods with
relevant nutritional facts. Consumers have the right to
know what nutrients their foods have. Finally, there is
also a need to invest in interventions and policies that
promote active leisure-time activities among all adults in
China. Most recent work has shown that total PA in the
CHNS, including each of the four domains of PA, has
decreased for both genders.”” Because declines in PA
have occurred mostly at worksites, people have little con-
trol over increasing their PA in this domain. Technology
development has created conditions of employment that
reduce the amount of physical labour involved, and tech-
nological change is unavoidable. Hence, measures should
be taken to encourage people to participate in leisure time
PA, such as providing easy access to public spaces (build
more parks and open school stadiums to the public on
weekends), improving public and traffic safety to encour-
age active commuting (extend paths for bicycling and
penalize road occupation).

This study has several strengths. First, the evidence for
both the individual and the community level was added
into the models. Thus, an array of variables (for instance,
age, marriage status, dietary habits, education level, in-
come, PA and urbanization) were able to be considered.
This provided for a deeper and fuller analysis. Second, we
used large-scale, longitudinal samples that enable us to
examine the gender disparity in BMI trends among the
middle aged population in China.

The study also has limitations. We did not consider the
role of sex hormones that may respond to obeso-genic
environmental changes and thus play a role in BMI. Hints
about the possible importance of this variable lie in previ-
ous research that have indicated that the prevalence of
overweight and obesity were higher among male adults
than among female adults in China."** However, total PA
had decreased more for women over time than for men,
which would lead one to expect more overweight and
obesity among women. Hormonal differences between
the genders should be considered as a possible factor in
this outcome.

In conclusion, our analysis shows that there were in-
creases in BMI among adults in China over the past dec-
ade, and increase in BMI at the upper percentiles was
larger than at the lower percentiles among both genders,
but especially for men. Future work could be directed at
applying quartile regression to figure out what factors
have influenced people’s BMI at different statuses. Inter-
vention efforts are needed to control the increase in obesi-
ty in China.

ACKNOWLEDGEMENTS
The authors thank all field staff of the local CDC and partici-



698

YF Ouyang, H] Wang, C Su, WW Du, ZH Wang and B Zhang

pants in CHNS from 1989 to 2011. They also thank Dr Jiguo
Zhang and Dr Youfa Wang for their advice on this paper.

AUTHOR DISCLOSURES

This work was supported by research grant from National
Natural Science Foundation of China (81172666), Chinese
Center for Disease Control and Prevention (2013B103) and
from the NIH (R01-HD30880, DK056350, and R01-HD38700)
and the Fogarty International Center. The research was also
supported by a research grant from the US National Institutes of
Health (NIH, Grant No.1U54hd070725-01) the Eunice Kennedy
Shriver National Institute Of Child Health & Human
Development, and Office of Behavioural and Social Sciences
Research. It is part of the collaboration project between the
National Institute of Nutrition and Health at Chinese Center for
Disease Control and Prevention and University at Buffalo, State
University of New York. None of the funders, NIH, Forgarty
International Center, had any role in the design and analysis of
the study or in the writing of this article. The views presented in
this article are solely those of the authors. All authors declare no
conflict of interests. The authors thank the National Institute for
Nutrition and Health, Chinese Center for Disease Control and
Prevention, the Carolina Population Center, the University of
North Carolina at Chapel Hill and University at Buffalo, State
University of New York.

REFERENCES

1. Gordon-Larsen P, Wang H, Popkin BM. Overweight
dynamics in Chinese children and adults. Obes Rev. 2014:15
(Suppl 1):37-488S. doi: 10.1111/0br.12121.

2. Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of
obesity and trends in the distribution of body mass index
among US adults, 1999-2010. JAMA. 2012;307:491-7. doi:
10.1001/jama.2012.39.

3. Jones-Smith JC, Popkin BM. Understanding community
context and adult health changes in China: development of
an urbanicity scale. Soc Sci Med. 2010;71:1436-46. doi: 10.
1016/j.socscimed.2010.07.027.

4. Li XY, Jiang Y, Hu N, Li YC, Zhang M, Huang ZJ, Zhao
WH. Prevalence and characteristic of overweight and
obesity among adults in China, 2010. Chinese J Pre Med.
2012;8:683-6. doi: 10.3760/cma.j.issn.0253-9624.08.003.
(In Chinese)

5. Wang HJ, Du SS, Zhai FY, Popkin BM. Trends in
distribution of body mass index among Chinese adults , aged
20-45 years (1989-2000). Int J Obes (Lond). 2007;31:272-8.
doi: 10.1038/sj.1j0.0803416.

6. XiB, Liang Y, He T, Reilly KH, Hu Y, Wang Q, Yan Y, Mi J.
Secular trends in the prevalence of general and abdominal
obesity among Chinese adults, 1993-2009. Obes Rev. 2012;
13:287-96. doi: 10.1111/j.1467-789X.2011.009 44.x.

7. Laurie KT, Deborah MG, Jacinata R, William KM. Current
and predicted prevalence of obesity in Canada: a trend
analysis. CMAJ Open. 2014;2:¢18-26. doi: 10.9778/cmajo.
20130016.

8. Khang YH, Yun SC. Trends in general and abdominal
obesity among Korean adults: findings from 1998, 2001,
2005, and 2007 Korea National Health and Nutrition
Examination Surveys. J Korean Med Sci. 2010;25:1582-8.
doi: 10.3346/jkms.2010.25.11.1582.

9. Popkin BM. Synthesis and implications: China's nutrition
transition in the context of changes across other low- and
middle-income countries. Obes Rev. 2014;15(Suppl 1):60-
7S. doi: 10.1111/0br.12120.

10. Popkin BM. Will China’s nutrition transtion overwhelm its
health care system and slow economic growth? Health Aff
(Millwood). 2008;27:1064-76. doi: 10.1377/hlthaff.27.4.10

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

64.

.Reynolds K, Gu D, Whelton PK, Wu X, Duan X, Mo J, He J.

Prevalence and risk factors of overweight and obesity in
China. Obesity (Silver Spring). 2007;15:10-8. doi: 10.1038/
0by.2007.527.

Popkin BM, Gordon-Larsen P. The nutrition transition:
worldwide obesity dynamics and their determinants. Int J
Obes Relat Metab Disord. 2004;28(Suppl 3):2-9S. doi: 10.
1038/sj.1j0.0802804.

Ng SW, Howard AG, Wang HJ, Su C, Zhang B. The physical
activity transition among adults in China: 1991-2011. Obes
Rev. 2014;15:27-36. doi: 10.1111/0br.12127.

Jones-Smith JC, Gordon-Larsen P, Siddiqi A, Popkin BM.
Emerging disparities in overweight by educational
attainment in Chinese adults (1989-2006). Int J Obes (Lond).
2012;6:866-75. doi: 10.1038/1jo.2011.134.

Popkin BM, Du SF, Zhai FY, 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;39:1464-3685. doi: 10.
1093/ije/dyp322.

Du S, Mroz TA, Zhai F, Popkin BM. Rapid income growth
adversely affects diet quality in China--particularly for the
poor! Soc Sci Med. 2004;59:1505-15. doi: 10.1016/j.
socscimed.2004.01.021.

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.

Ng SW, Popkin BM. Time use and physical activity: a shift
away from movement across the globe. Obes Rev. 2012;13:
659-80. doi: 10.1111/7.1467-789X.2011.00982.x.

Zhai FY, Du SF, Wang ZH, Zhang JG, Du WW, Popkin BM.
Dynamics of the Chinese diet and the role of urbanicity,
1991-2011. Obes Rev. 2014;15:16-26. doi: 10.1111/0br.12
124.

Monda KL, Gordon-Larsen P, Stevens J, Popkin BM.
China's transition: the effect of rapid urbanization on adult
occupational physical activity. Soc Sci Med. 2007;64:858-70.
doi: 10.1016/j.socscimed. 2006.10.019.

Adair LS, Gordon-Larsen P, Du SF, Zhang B, Popkin BM.
The emergence of cardiometabolic disease risk in Chinese
children and adults: consequences of changes in diet,
physical activity and obesity. Obes Rev. 2014;15(Suppl 1):
49-598S. doi: 10.1111/0br.12123.

Ford ES, Li C, Zhao G Tsai J. Trends in obesity and
abdominal obesity among adults in the United States from
1999-2008. Int J Obes (Lond). 2011;35:736-43. doi: 10.
1038/ij0.2010.186.

Bottai M, Frongillo EA, Sui X, O'Neill JR, McKeown RE,
Burns TL, Liese AD, Blair SN, Pate RR. Use of quantile
regression to investigate the longitudinal association
between physical activity and body mass index. Obesity
(Silver Spring). 2014;22:E149-56. doi: 10.1002/0by.20618.
Paeratakul S, Popkin BM, Keyou G, Adair LS, Stevens J.
Changes in diet and physical activity affect the body mass
index of Chinese adults. Int J Obes Relat Metab Disord.
1998;5:424-31. doi: 10.1038/ sj.ijo. 0800603.

Bell AC, Ge K, Popkin BM. The road to obesity or the path
to prevention: motorized transportation and obesity in China.
Obes Res. 2002;10:277-83. doi: 10.1038/0by.2002.38.
ODwyer NA, Gibney MJ, Burke SJ, McCarthy SN. The
influence of eating location on nutrient intakes in Irish adults:
implications for developing food-based dietary guidelines.
Public Health Nutr. 2005;8:258-65. doi: 10.1079/PHN2004
701.



Gender disparity in body mass index trends 699

27. Vandevijvere S, Lachat C, Kolsteren P, Van Oyen H. Eating 106402601753454903.
out of home in Belgium: current situation and policy 29. Chen XR, Jiang Y, Wang LM, Li YC, Zhang M, Hu N, Zhao
implications. Br J Nutr. 2009;102:921-8. doi: 10.1017/S0007 WH. Leisure-time physical activity and sedentary behaviors
114509311745. among Chinese adults in 2010. Chinese J Pre Med. 2012;
28.Leung F, Lam S, Sze S. Cultural expectations of thinness in 5:399-403. doi: 10.3760/cma.j.issn.0253-9624.2012.05.005.

Chinese women. Eat Disord. 2001;9:339-50. doi: 10.1080/ (In Chinese)



700 YF Ouyang, H] Wang, C Su, WW Du, ZH Wang and B Zhang

Original Article

Why is there gender disparity in the body mass index
trends among adults in the 1997-2011 China health and
nutrition surveys?

Yifei Ouyang PhD, Huijun Wang PhD, Chang Su PhD, Wenwen Du PhD, Zhihong
Wang MS, Bing Zhang PhD

National Institute for Nutrition and Health, Chinese Center for Disease Control and Prevention, Beijing,
China

19972011&6(]1-,\&';3,‘ FAad o4 Rk pdp
FerivAERFAEYELR

FE Pt F =L EP LY B]qkz&ﬁqégéﬁﬂwﬂ:l;ﬁ:—kdvg'j\g%to*ﬁ/}jﬂ;&z\
Mo 18-45 3¢ E) A % ’ﬁf;ﬁiﬁcﬁ:ms‘zii\‘g%cﬁﬁ C FRE T M AT AR
REA I R S ’ﬁ#ﬁi&i" e AP LR 2 EwmFE o 2ELEPYT X
Al P ERAANERELF AMET A dE 0 £ B 1997 ~ 2000
2004 ~ 2006 ~ 2009 f= 2011 &% & ¢ 18-45 3 @R = & B XA (T4 T3 x % o 1
£+ 10892 4 - H ¥ F 4 5339 & 5 A 5643 A o o B Rk do-P Ec-X
%3&%%Wt&ﬁﬁ&m¢#w%o&wz¢i@ﬂé&a 2 A A4 e
ATV RT R T e it g fﬂi:c?: el R o % P ESEALG
pﬂfpi{l‘:ﬁfﬂéfl‘*ﬁz FJ,L’L* » A R4 0.21 kg/mz’—ﬂrn‘ﬁj&i\‘g%c 0.16
kg/m20 ’]%Fg g~ AR ’Fr%"“‘aﬂ Ex P#F,tgmi\gﬁ e iy T &

5"‘]“33_ St F RN o AL i‘é}ﬁp’d‘/ﬂ’é’gl\“%"{l?{‘p#ﬂi&°:€
g g,veé E & 9 ffet Bk fd R F7 oo L% R
MEE] > KRBT Fﬁvl?ﬁ%*$°

‘{’%;? . a* ’P‘\#F],i){\ EWUEL.'_\i’é;f_ \;k}__gljé_g ~ P [f]



