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Abstract

China has experienced a transition from a history of undernutrition to a rapid increase in obesity.
The China Health and Nutrition Survey, an ongoing longitudinal, household-based survey of
urban and rural residents of nine provinces, documents these changes using measured height and
weight across 53,298 observations from 18,059 participants collected from 1991 to 2011. Adult
overweight (body mass index [BMI] = 25 kilograms per square meter [kg/m2]) prevalence nearly
tripled from 1991 (11.7%) to 2009 (29.2%), with significant cohort and age-related effects
(stronger in males). Among youth, quantile regression reveals changes across the BMI
distribution. By 2009 approximately 12% of children and adolescents were overweight, and 3% of
7-11 years old and 1% of 12-17 years old were obese (International Obesity Taskforce [IOTF]
BMI 25 and 30 kg/m? equivalents, respectively). In 1991-2000 urbanicity was strongly and
positively associated with BMI, but in 2000-2011 trends were more similar across rural and urban
areas. Among women, the burden has shifted to lower-educated women (the reverse is true for
males, as overweight was higher in higher-educated men). Our findings highlight the importance
of preventive measures early in the life cycle to reduce weight gain.
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INTRODUCTION

China presents a unique model for weight change, as the country has experienced a
transition from a history of undernutrition to a very rapid increase in obesity.1: 2 While
researchers have documented increases in body mass index (BMI) and overweight across
China,3-5 there is considerable geographic and temporal heterogeneity in the timing of the
transition from underweight to overweight across the country, thus providing variation in
weight change by age, by area, and over time.”~11 Incidence of obesity-related
noncommunicable diseases, such as diabetes, have recently increased, and those diseases are
now the leading causes of morbidity, disability, and mortality in China.l- 12 For example, the
prevalence of type 2 diabetes in China has more than doubled over the past two decades
from approximately 3% in 1994 to 7-10% in 2008.13: 14 A recent meta-analysis suggests a
stronger association between BMI and diabetes in younger versus older cohorts in Asia.1>
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Chinese modernization over the past 20 years has changed the economic landscape
dramatically, with major increases in economic development and wealth.16 Patterns of adult
and pediatric obesity in China now closely mirror similar patterns in the United States. As
has been seen in low- and middle-income countries around the globe, economic
development is soon followed by obesity, Pedwith disparities by socioeconomic status
(SES).17-18 This is true for China, where over one-fifth of adults are overweight and
inactive and consume high quantities of caloric sweeteners, animal-source foods, and edible
oils, with the poor shouldering the greatest burden of recent obesity.1: 19-25

For Chinese children, modernization has resulted in improvement in nutritional status with
declines in underweight and stunting® 26: 27 and a comparatively higher reduction in
underweight relative to adults.* Similar to the adult population, the Chinese pediatric
population has experienced an increase in overweight, with younger cohorts experiencing
comparatively higher BMIs at earlier ages than ever before. For example, in children aged 6
to 9 years the ninety-fifth cohort percentile increased BMI by 5 units from 1997 to 2006.28
Barry M. Popkin et al.29 showed that in the period from 1989 to 2004 absolute increases in
overweight were higher among adults than children, yet when taking baseline weight into
account, relative increases in overweight were higher among children than adults.

While overweight is clearly important, abdominal obesity is a particular issue for Asians,
who are at higher cardiometabolic risk at lower BMI thresholds than other populations.30: 31
There is considerable evidence that abdominal obesity is an independent indicator of
cardiometabolic risk, especially in individuals with normal BMI values.32-36 This is
particularly true for Chinese adults, for whom abdominal obesity is a stronger predictor of
coronary heart disease, diabetes, and metabolic syndrome than general obesity.31: 37-40 A
recent study suggests screening for coronary heart disease, diabetes, and metabolic
syndrome risk in China, where screening using BMI alone is estimated to miss a large
proportion of the population at risk due to abdominal obesity but not general obesity.*!

In this paper we use 20 years of longitudinal anthropometric data from the China Health and
Nutrition Survey (CHNS) on more than 34,000 individuals in 288 communities throughout
China across eight surveys from 1991 to 2011 to examine trends in BMI, overweight, and
waist circumference (WC) over time. We give an example of age-period-cohort changes in
BMIs using the CHNS data. We examine changes in WC relative to BMI to provide a sense
of the changes in body shape over time. We provide examples of the differential patterning
in change by SES and urbanicity to give a sense of how these changes relate to the wider
social and economic changes accompanying modernization in China.

METHODS

As described in Bing Zhang et al.,*2 the original survey in 1989 used a multistage, random
cluster design to select a stratified probability sample with primary sampling units that were
politically and geographically classified based on state statistical office definitions.*3 Within
each province, cities and counties were selected based on income, then communities were
selected based on urbanicity, and then households were randomly selected for
participation.®4 In 2011 sampling in three Chinese megacities (Beijing, Shangai, and
Chongging) was added to the CHNS to enhance representation of the larger cities that have
developed. Because these cities are only present at 2011, we present data on them separately
and do not include them in trends analyses.

We present data on subsets of the total sample based on specific research questions. In
general we limited eligibility to children between the ages of and 2 and 18 and adults
between the ages of 18 and 66 to avoid age-related declines in weight due to sarcopenia.*®
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In addition participants had to have anthropometric data at each point for cross-sectional
analyses or multiple measurement occasions for longitudinal analyses. At each visit height
was measured without shoes to the nearest 0.2 centimeter (cm) using a portable Seca
stadiometer, weight was measured without shoes and in light clothing to the nearest 0.1
kilogram (kg) on a calibrated beam scale, and WC was measured with a Seca tape measure.
We use three sets of BMI cut points for adults to present overweight statistics using
contrasting reference data for comparative purposes: (1) the World Health Organization
(WHO) overweight BMI cut point, BMI > 25 kilograms per square meter (kg/m?),46 (2) the
Asian overweight BMI cut point, BMI = 23 kg/m? 47 and (3) the Chinese overweight BMI
cut point, BMI = 24 kg/m?248 For the presentation of pediatric overweight, we use the
International Obesity Task Force (IOTF) cut points,*® which provide age- and sex-specific
overweight classification at the BMI > 25 kg/m? equivalent and thus provide comparability
with overweight classified using the adult BMI = 25 kg/m? cut point. In addition we use the
Chinese age- and sex-specific BMI cut points for overweight, which are only produced for
those 6 to 18 years old.>0

Control variables

We present findings for BMI and WC by urbanicity status using a multicomponent
continuous scale developed specifically for the CHNS (Jones-Smith and Popkin 2010). The
urbanicity measure is described in detail elsewhere in this issue.*? In addition we present
findings for BMI and WC by sex, age, household income, and attained educational status.

Statistical analyses

Descriptive and model-based analyses are described below relative to each set of results. All
descriptive findings are age standardized using the Chinese 1990 census age distribution.

TRENDS OVER TIME

General descriptive statistics for the sample are shown in Table 1. Household income rose
steadily over time. Urbanicity, as measured by the multicomponent urbanicity index, also
increased over time.

While changes in mean BMI for adults aged 18 to 65 years were relatively small, ranging
from 21.5 kg/m? in 1991 to 22.9 kg/m? in 2011, mean WC increased dramatically from 74.5
cm in 1993 to 78.3 cm in 2006 and to 80.5 cm in 2011 (Table 2). The increase in WC was
particularly large in men, who gained on average 7.7 cm in WC from 1993 to 2006
compared to 4.5 cm among women. Mean annualized BMI gain was < 0.5 kg/m?2/year across
all years, with a sharp increase to 0.8 kg/m2/year in 2011.

The age-standardized prevalence of overweight and obesity increased steadily among adults
aged 18 to 65 from 1991 to 2011 regardless of whether the WHO, Asia, or Chinese
reference was used (table 2). For example, using the WHO reference,*6 overweight
prevalence rose from 10.4% in 1991 to 18.1% in 2000 and to 26.0% in 2011. Using the
China-specific reference,* comparable overweight prevalence was 24.7% in 1991, 36.1% in
2000, and 44.0% in 2011. Overweight prevalence was higher in women than men in early
survey years (e.g., using the WHO reference,*6 12.5% for women versus 8.0% for men in
1991; 18.4% for women versus 17.9% for men in 2000), but after 2000 overweight
prevalence was higher for men than women (e.g., 23.4% for men versus 18.3% for women
in 2006; 30.2% for men versus 22.2% for women in 2011).

Similarly overweight rose steadily for children in the CHNS whether defined using the IOTF
or the Chinese-specific cut points for overweight (Table 3). Looking at the full pediatric
cohort, overweight prevalence according to the IOTF among children aged 2 to 18 years
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increased from 6.2% in 1991 to 8.5% in 2000 and to 15.4% in 2011. Using the Chinese-
specific cut points, overweight rose from 6.3% in 1991 to 8.8% in 2000 and to 17.1% in
2011 among children aged 6 to 18 years. Among boys, overweight prevalence was
comparatively higher in the younger age groups (2—6 and 6-11 years) in the earlier study
years (1991 and 1993) and then became more comparable in 2011. Among girls, overweight
was consistently higher in the younger age groups (2-6 and 6-11 years) than in the older age
group (11-18 years). While overweight prevalence was similar in boys and girls 2 to 18
years old at baseline, prevalence by sex started to diverge in 1993, with boys having
continuously higher prevalence at all follow-up exams. By 2011, according to the IOTF,
overweight prevalence was 15.4% in girls and 17.1% in boys aged 2 to 18 years.
Overweight for boys and girls aged 2 to 18 was lower in the three autonomous cities (the
megacities) than in the nine provinces (table 3).

We contrast overweight incidence between 1991 and 2000 relative to that between 2000 and
2011 by age and sex in Table 4. In this table we present the number of new unique cases of
overweight between 1991 and 2000 and between 2000 and 2011. Among adults, 15.3% of
the cohort became overweight between 1991 and 2000, whereas 25.4% became overweight
between 2000 and 2011. The increase in new overweight cases between 2000 and 2011 in
the pediatric cohort was dramatic. Among children, 5.1% of the pediatric cohort became
overweight between 1991 and 2000, whereas 14.5% became overweight between 2000 and
2011. Overweight incidence was considerably higher in boys than in girls across all age
groups.

It is of great interest to compare overweight in the megacities added in 2011 relative to the
rest of the CHNS 2011 sample. In these three autonomous cities, cross-sectional overweight
prevalence was comparatively higher than the rest of the 2011 CHNS cohort (Table 5).
Among adults, overweight was highest in men from Beijing (44%) and was higher in men
than women in Beijing and Shanghai but was higher in women than men in Chongging.
Similarly pediatric overweight was comparatively higher in Beijing than in Shanghai and
Chongging. However, male-female differences were greater in Beijing and Chongging.

AGE, PERIOD, COHORT EFFECTS

While the cross-sectional trends in BMI and overweight by CHNS survey year clearly show
a dramatic increase in weight over time, the cohort is also aging. Thus it is essential to
disentangle the aging and period effects over time to fully understand these temporal trends.
Lindsay. M. Jaacks et al.5 examined age-period-cohort effects to determine whether
increases in BMI over time related to changes across cohorts and periods were independent
of age. To do so the authors used a series of mixed effects models with fixed and random
individual-level effects and random slopes to assess differences in BMI in individuals over
time (age effect) and population-wide differences in BMI over time (period effect) whether
differences in the period effect varied across age cohorts in a complete-case subgroup
analysis (n = 1,269) seen at all survey years. Jaacks et al.>1 found a nonlinear increase in
BMI with age and evidence of a strong cohort effect (Figure 1). For example, at any given
age later birth cohorts (e.g., baseline age 18 to < 25 years) had higher mean BMIs than
earlier birth cohorts (e.g., 40 to < 45 years at baseline). In other words, at age 40 men and
women from later birth cohorts were over 1.5 BMI units heavier than men and women from
earlier birth cohorts. This translates to a difference of 7 kg in men and 6 kg in women for the
40-year-old of average height (men 169 cm; women 159 cm). This cohort effect is
troublesome given that Chinese children are at even higher BMIs than the adults discussed
here.
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BODY MASS INDEX TRAJECTORIES

Most research on temporal trends in BMI uses repeated cross-sectional or longitudinal BMI
data rather than summary measures of trajectories over time that can be used to identify
differential tempo and timing of weight gain. While there are many methods for identifying
trajectories, latent class trajectory analysis (LCTA) has only recently been used in
epidemiological data® to classify individuals into distinct groups with similar underlying
trajectories.?3-2> We used LCTA modeling in SAS version 9.2 (SAS Institute, Cary, NC)
with the TRAJ procedure using the censored normal model (CNORM)?®% 57 to derive weight
change trajectories, allowing for a variety of different order polynomials to determine the
best fit. The best-fitting models were chosen based on lowest Bayesian information criteria,
a goodness of fit criterion for comparing model fit and parsimony across models regardless
of their underlying distribution, and at least 2% of the sample size within each trajectory
class. Figure 2 shows the shape of the latent class weight trajectory curves by sex, with
separate colors indicating each weight trajectory class.

There were four weight trajectory classes for males and females, two weight gain classes
(the top two curves), one weight stable class (the dashed line), and one smaller class for
individuals with maintenance of weight loss (the solid line). For females, the largest classes
were the weight stable and moderate weight gain classes, approximately 40% each, and a
smaller proportion was in the high weight gain and maintenance of weight loss classes. For
males, the largest class was the weight stable class, but large proportions were in both
weight gain classes: 11.5% in the high weight gain class and 38.0% in the moderate weight
gain class. Thus overall approximately half of males and females fell into weight gain
classes.

Using generalized linear mixed models, Lauren Paynter et al.>8 examined baseline
predictors of weight trajectories and found that baseline weight status was highly predictive
of weight trajectory class membership for men and women. Baseline urbanicity was
negatively associated with membership in the slower weight gain trajectory for women.
However, baseline urbanicity was not statistically associated with the upward weight gain
trajectories in women (and was associated with none of the classes in men), suggesting lack
of differences in weight gain across the full scope of urbanicity.

CHANGES IN WAIST CIRCUMFERENCE RELATIVE TO BODY MASS INDEX

Dalia Stern et al.>® examined the proportional increase in WC relative to BMI from 1993 to
20009, finding that each unit increase in BMI was associated with a 3.22 cm (95% confidence
interval [C1]: 2.91, 3.54, p < 0.05) and a 2.05 cm (95% CI: 1.76, 2.35, p < 0.05) higher WC
between 1993 and 2009 for males and female, respectively. Thus even at equivalent BMls,
on average the more recent CHNS participants had higher WCs than their counterparts from
1993. Furthermore, as shown in Figure 3, the proportional increase in WC was higher in
obese versus lean participants. For example, at BMI = 18.5 kg/m? in 1993 and 2009, males
had a 2.8 cm (and females a 1.5 cm) larger WC than their counterparts at the 2009 visit.
However, at BMI = 28 kg/m? in 1993 and 2009, males had a 3.9 cm (and females a 2.9 cm)
larger WC than their counterparts at the 2009 visit.

URBANICITY AND EDUCATION EFFECTS

Jesse C. Jones-Smith et al.59 examined incident overweight and obesity from 1991 to 2004
for the subset of the women who had BMIs measured at both points, finding that the odds of
overweight were significantly higher for women in communities with greater baseline and
change in urban scores compared to those in the least urban communities that did not change
in urbanicity. We ran the same analysis for women but for the period from 1991 to 2011
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(Figure 4), finding that for women living in communities with a low initial urbanicity score
(~ 30), a higher level of change in urban score over the follow-up years (versus no change)
was associated with higher incident overweight. However, in the midrange initial urbanicity
score (40, 50) there was little difference in incident overweight associated with change in
urbanicity from 1991 to 2011. For women with high baseline urbanicity scores (60, 70),
greater increase in urbanicity (i.e., change of 30 points on the scale, or communities with
relatively greater change over time) was associated with lower overweight incidence. Thus
change in urbanicity over time was positively associated with overweight incidence in
communities initially at low levels of urbanicity. But in the middle range of baseline
urbanicity there was overall higher obesity incidence but little difference with the temporal
changes in urbanicity in those communities. However, in communities that were already
more urbanized at baseline, greater change in urbanicity over time was associated with
lower overweight incidence. Of note, the three megacities are not included in this incident
overweight analysis as they were only sampled in 2011. Recall that we see higher cross-
sectional overweight in the three megacities (Table 5) relative to the provinces assessed in
2011 for adults according to the WHO classification (table 2) and for children aged 2 to 18
(table 3) according to the IOTF classification.

Jones-Smith et al.51 examined trends in overweight in relation to educational attainment in
the CHNS from 1989 to 2006 using sex-stratified, random-effects models to estimate the
associations for low (< primary school) versus high (> secondary school) eucational
attainment and interactions by birth cohort. Model results suggest comparatively higher BMI
increases over time for women of lowest education. Estimated weight gains (based on a
female of average height [156 cm]) with an initial BMI of 22 for the highest-educated
women was 0.19 kg/year or 3.31 kg over the 17-year period compared to that for the least-
educated women, who had 0.27 kg/year or 4.54 kg over the 17-year period. The reverse
trend is seen for men. At baseline there were no differences in overweight by educational
attainment. However, by 2006 the odds of overweight were over threefold higher (odds ratio
[OR] = 3.4; Cl: 1.82, 6.18) for men at the highest education versus those at the lowest.

In Figure 5 we present BMI trajectories for men and women from 1989 to 2006 by
educational attainment and birth cohort (older cohort born before 1955, younger cohort born
after 1955) from Jones et al.8 The older birth cohort of women (top left panel) had
comparatively lower BMls than the older cohort across time. Yet among both birth cohorts,
the women of highest education had a lower rate of increase in BMI compared to the other
educational groups, which resulted in a widening educational disparity in BMIs over time.
Trends for men were quite different. Initial BMI was comparatively higher for the older
cohort, but the younger cohort had a more rapid increase in BMI over time. BMI was
comparatively higher among the more higly educated men versus the less educated.

CONCLUSION

Our findings suggest that the rise in overweight in China continues its upward trajectory.
Using 20 years of data from the CHNS, we have shown a doubling of overweight prevalence
and incidence and substantial temporal increases in WC across all age groups. The fact that
we see the higher burden of these temporal increases in overweight in the younger age
cohorts is particularly worrisome, as children are entering the adult years at higher body
weights and higher WCs than in previous generations. Furthermore the observed higher
WCs at all BMIs forebodes greater cardiometabolic risk at lower BMI levels. These changes
are ubiquitous, as we see these increases in rural areas and even among the poor, and
suggest substantial health care costs particularly to disadvantaged and rural segments of
China. At the same time the cross-sectional data for the three megacities (Beijing, Shangai,
and Chongging) suggest extraordinarily high adult overweight.
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Rates of obesity-related chronic diseases are already having a dramatic impact in

China.14 62-65 These changes will no doubt put a further drain on the health care system in
China and will increase chronic disease—related economic costs.56-69 Recent findings from
the Global Burden of Diseases, Injuries, and Risk Factors Study show that the leading
causes of death in 2010 were stroke (with 1.7 million deaths), ischemic heart disease, and
chronic obstuctrive pulmonary disease (the last two with just under 1 million deaths each),
and dietary risk factors and high blood pressure contribute the largest number of attributable
disability-adjusted life years.12 70

Urbanicity and modernization have played a key role in the changes in disease patterns seen
in China. China’s history of undernutrition has been followed by a rapid increase in obesity
and related diseases, with differential rates across rural and urban areas.> 2 71 In the last
decade changes in diet and activity in China have occurred more rapidly than previously
recorded for any country® and have included increased intake of edible oils, fried foods,
animal-source foods, and snacking as well as declining occupational, domestic, and travel
activity and increasing TV time.”2-"° It is clear that these changes in lifestyle throughout
China are playing a role in the observed increases in overweight reported here. With much
higher increases in overweight among more rural areas and among the poor, access to health
care for these subpopulations becomes an even greater challenge for China.

The changes that have occurred have had differential effects on segments of the Chinese
population. Our updated analysis of the original Jones-Smith paper50 suggests that over time
we now see the increases in overweight extending equally to less urbanized areas. Increases
in obesity in even rural and poor areas of China mean that all segments of Chinese society
are impacted by the changes in lifestyle, obesity, and chronic diseases. As we have shown
here, women of low SES bear the greatest burden of overweight among women, whereas the
converse is seen for men (higher overweight among high SES men). Overweight prevention
and screening for overweight as well as for high blood pressure, diabetes, and dyslipidemia
across all segments of society will be critical.

Preventive efforts will have to address the food system, in particular increased consumption
of fried foods and edible oils and the more recent modernization of the food supply that has
resulted in a rapid increase in consumption of processed foods and beverages high in added
sugar, fat, and salt. The poor are particularly affected given the relatively low prices of such
foods. There are still small pockets of stunting and micronutrient deficiencies coupled with
very limited levels of acute malnutrition in China, which complicates the task. Thus the
challenge is to address undernutrition without exacerbating overweight and obesity.
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SES socioeconomic status
CHNS China Health and Nutrition Survey
wcC waist circumference
cm centimeter
kg kilogram
WHO World Health Organization
kg/m? kilograms per square meter
IOTF International Obesity Taskforce
LCTA latent class trajectory analysis
CNORM censored normal model
Cl confidence interval
OR odds ratio
SE standard error
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Gordon-Larsen et al.

Age-standardized” incident overweight (new cases between 1991 and 2000 and between 2000 and 2011)

Table 4

across two decades in the CHNS

1991-2000 5000011t

Adults aged 18-65%
Men 147+1.1
Women 152+1.2
Total 15.3+0.8

Children aged 2-68
Boys 3.0+07
Girls 14+05
Total 23+04

Children aged 6-118
Boys 06+0.3
Girls 1.0+04
Total 0.8+0.2

Children aged 11-188
Boys 42+10
Girls 9.2+34
Total 45+0.0

All Children aged 2-188

Boys 49+09
Girls 6.6+2.0
Total 51+0.8

274+28
21.3+£57
254+25

9.4+4.0
73%35
83%27

16.6+6.1
41+40
11.5+39

23.8+35
8.2+3.5
19.2+27

187+25
6.7+2.1
145+1.7

Age standardized to the 1990 Chinese population.

TTabIe does not include the three megacities added in 2011.

iWHO overweight BMI cut point, BMI > 25 kg/m2 46,
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§Overweight classified using the IOTF age- and sex-specific BMI = 25 kg/m2 equivalent 49 |ncident cases defined as nonoverweight at baseline
and became overweight in the two decades 1991-2000 and 2000-2011.
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Age-standardized” overweight prevalence in the megacities, CHNS 2011

Table 5

Beijing Shanghai  Chongging Total
n=1190 n=129% n=1183 n = 3,668
Adult ment 440+53 348+31 20629 343:20
Adultwoment 29320 207+31 294:43 26018
Total adults* 34624 27.1+21 250+24 296%13
Boysaged 2-185 123%33 54%22 98%29 9316
Girlsaged 2-188 8533 52%21 2611 5112
5215 6.2+15 72+1.0

Total aged 2-188  10.5+2.3

*
Age standardized to the 1990 Chinese population.

iWHO overweight BMI cut point, BMI = 25 kg/m2 46,

§Overweight classified using the IOTF age- and sex-specific BMI = 25 kg/m2 equivalent 49
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