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Obesity Prevalence and Risks Among

Chinese Adults

Findings From the China PEACE Million Persons Project, 2014-2018

BACKGROUND: China has seen a burgeoning epidemic of obesity in
recent decades, but few studies reported nationally on obesity across
socio-demographic subgroups. We sought to assess the prevalence and
socio-demographic associations of obesity nationwide.

METHODS: We assessed the prevalence of overall obesity (body mass
index >28 kg/m?) and abdominal obesity (waist circumference >85/90
c¢m for women/men) among 2.7 million community-dwelling adults aged
35 to 75 years in the China PEACE Million Persons Project from 2014 to
2018 and quantified the socio-demographic associations of obesity using
multivariable mixed models.

RESULTS: Age-standardized rates of overall and abdominal obesity
were 14.4% (95% Cl, 14.3%—-14.4%) and 32.7% (32.6%—-32.8%) in
women and 16.0% (15.9%-16.1%) and 36.6% (36.5%—-36.8%) in
men. Obesity varied considerably across socio-demographic subgroups.
Older women were at higher risk for obesity (eg, adjusted relative risk
[95% Cl] of women aged 65-75 versus 35-44 years: 1.29 [1.27-1.31]
for overall obesity, 1.76 [1.74-1.77] for abdominal obesity) while older
men were not. Higher education was associated with lower risk in women
(eg, adjusted relative risk [95% Cl] of those with college or university
education versus below primary school: 0.47 [0.46-0.48] for overall
obesity, 0.61 [0.60-0.62] for abdominal obesity) but higher risk in men
(1.07 [1.05-1.10], 1.17 [1.16-1.19]).

CONCLUSIONS: In China, over 1 in 7 individuals meet criteria for overall
obesity, and 1 in 3 for abdominal obesity. Wide variation exists across
socio-demographic subgroups. The associations of age and education
with obesity are significant and differ by sex. Understanding obesity in
contemporary China has broad domestic policy implications and provides
a valuable international reference.
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WHAT IS KNOWN

e Obesity is a global epidemic and has accelerated
in China over the past decades, leaving the coun-
try with the largest number of obese individuals
in the world.

e With rapid socio-demographic transformations,
China sees immense heterogeneity within its pop-
ulation of 2.7 million.

WHAT THE STUDY ADDS

e This study researched 2.7 million participants in
China and found that more than 1 in 7 individuals
meet criteria for overall obesity and 1 in 3 meet
criteria for abdominal obesity.

e |t also showed that wide variation in obesity prev-
alence exists across socio-demographic subgroups
and that the associations of age and education
with obesity are significant and differ by sex.

e These findings provide a sobering update on the
current state of obesity in China, fill the knowl-
edge gaps of obesity across socio-demographic
subgroups, and provide a valuable international
reference on obesity epidemiology.

besity is a global epidemic. More than 2 billion
Opeople are overweight or obese worldwide,
and 62% of the population with obesity live in
developing countries.” Over the past decades, Asia has
seen substantial increases in obesity.? In 2014, China
became home to the greatest number of obese women
and men, totaling 90 million obese individuals and ac-
counting for 14% of the world's obesity based on body
mass index (BMI).> Furthermore, as central or visceral
adiposity becomes increasingly recognized as a key car-
diometabolic risk indicator beyond BMI,* research sug-
gests that the prevalence of abdominal obesity in China
reached 32% in 2013 to 2014.°
As China’s rising obesity epidemic occurs in the
context of its rapid economic and demographic shifts,®
understanding its current state of obesity helps inform
health care policies in China and potentially other
countries that undergo similar socioeconomic and epi-
demiological transitions.” In addition, while culprits of
obesity at the individual level are known to include
unhealthy dietary changes (eg, increased consumption
of energy-dense food) and reduced physical activities
(eg, associated with occupational shift),®° interven-
tions at the population level require understanding
the heterogeneity within 1.4-billion Chinese people
and warrant large-scale research to assess obesity
across broad socio-demographic subgroups. For ex-
ample, by 2014, across Chinese provinces, overall
obesity rates had differed by about 20% points and
abdominal obesity rates by over 30% points.> How-
ever, current literature has limited reports on obesity
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across socio-demographic subgroups at the national
level (Supplement | in the Data Supplement). This
knowledge gap may partly result from a limitation of
nationally representative studies, whereby potential
sampling variability becomes a concern for analyses of
subgroups that have very small sample sizes.°

In this study, we report obesity prevalence and risks
in China from 2014 to 2018, using one of its largest
and most recent health surveys—China Patient-cen-
tered Evaluative Assessment of Cardiac Events Million
Persons Project.” By analyzing 2.7 million participants
in Million Persons Project, we aim to describe the preva-
lence of obesity and associated characteristics in women
and men across broad socio-demographic subgroups.

METHODS

Data Access Statement
The data are not available to other researchers at this time.

Project Design

The China Patient-centered Evaluative Assessment of Cardiac
Events Million Persons Project protocol has been described
previously." From September 2014 to November 2018, we
sampled 189 regions (114 rural counties, 75 urban districts) in
all 31 provinces of Mainland China to reflect geographic, eth-
nic, and economic diversity across the country. Within each
region, about 5 rural towns or urban sub-districts were sam-
pled based on their size, population stability, and local capacity
to execute the study protocol. Participants were recruited by
local staff via extensive publicity campaigns on television and
in newspapers and enrolled if they were aged 35 to 75 years
and currently registered in the selected region’s Hukou (an
official record identifying residents in the region). Participants
were then screened in person for health risks with collection
of past medical, medication, family, and social histories and
measurement of height, weight, and waist circumference
(WC) among other anthropometric and biochemical assess-
ments. Specifically, height and weight were measured to the
nearest 0.1 kg or cm, while participants wore light clothes
but no shoes or caps. WC was measured midway on skin
between the iliac crest and the lower rib margin using a soft
tape. Of note, because WC was not collected during the first
year of study, we excluded all participants during that period
in all WC-related analyses. This project complied with the
Declaration of Helsinki and was approved by the central eth-
ics committee at the China National Center for Cardiovascular
Disease and the Institutional Review Board at Yale University.
All enrolled participants provided informed consent.

Study Variables

Based on Chinese expert consensus on obesity-related hyper-
tension management,'? we categorized BMI (calculated as
weight in kilograms divided by height in meters squared) into
underweight (BMI <18.5 kg/m?), normal weight (18.5-23.9
kg/m?), overweight (24.0-27.9 kg/m?), and obese (>28.0
kg/m?) and defined (1) overall obesity as BMI >28.0 kg/m?
for both women and men and (2) abdominal obesity as WC
>85 c¢cm for women or WC =90 cm for men. We assessed
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12 socio-demographic factors that are potentially associ-
ated with obesity and available in China Patient-centered
Evaluative Assessment of Cardiac Events Million Persons
Project, including age group (35-44, 45-54, 55-64, 65-75 in
years), sex, ethnicity (Han, non-Han), marital status (married,
others), education (below primary school, primary school,
middle school, high school, college, or university), occupa-
tion (farmer, nonfarmer), annual household income (<10000,
10000-<50000, >50000 in RMB; 7 RMB was =1 USD dur-
ing the study period), residence (urban, rural), geographic
region (Western, Central, Eastern), health insurance, current
smoking, and current drinking, in addition to 5 self-reported
comorbidities (hypertension, dyslipidemia, diabetes, myocar-
dial infarction, and stroke).

Statistical Analyses

We calculated the prevalence of overall and abdominal obe-
sity by sex and as a sensitivity analysis determined the age-
standardized prevalence at the national level by adjusting
observation weights to match the age distributions in the
2010 Chinese Census.”™ In addition, we reported descrip-
tive statistics of obesity by socio-demographic factors and
comorbidities and developed multivariable mixed models
(with random effects to account for geographic autocorrela-
tion) to quantify the association of socio-demographic factors
with obesity. Lastly, we examined the prevalence of obesity in
population subgroups that were defined by combinations of
the 12 studied socio-demographic factors (details in Methods
in the Data Supplement) and illustrated the probability densi-
ties of obesity prevalence in the subgroups with =500 peo-
ple. Analyses were conducted with SAS 9.3 (SAS Institute
Inc, Cary, NC) and R 3.02 (The R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Of 2660666 enrolled participants September 2014 to
November 2018, 43654 (1.6%) were excluded from
BMI analysis because of missing data; of 2270593 en-
rolled participants from 2015 to 2018, 18016 (0.8%)
were excluded from WC analysis because of missing
data (Figure | in the Data Supplement). Among wom-
en, 15.8% met criteria for overall obesity and 37.6%
for abdominal obesity. Among men, 15.0% met crite-
ria for overall obesity and 36.3% for abdominal obe-
sity. About 39% of women and men with abdominal
obesity also met criteria for overall obesity (Figure Il in
the Data Supplement). Figure 1 shows distributions of
BMI and WC in women and men. Using the 2010 Chi-
nese Census data, we report age-standardized rates of
overall and abdominal obesity to be 14.4% (95% Cl,
14.3%-14.4%) and 32.7% (32.6%-32.8%) in wom-
en and 16.0% (15.9%-16.1%) and 36.6% (36.5%—
36.8%) in men.

Compared with individuals with normal weight,
women with overall obesity had higher prevalence of
hypertension, dyslipidemia, diabetes, stroke, and myo-
cardial infarction with percent differences in prevalence
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of 30.4, 16.1, 6.0, 1.4, and 0.4, respectively; men with
overall obesity had higher prevalence by 29.9, 31.2, 5.8,
1.4, and 0.7 (Table 1 and Table 2). Higher prevalence
of these comorbidities was also observed in women
and men with abdominal obesity compared with those
without (Table 3 and Table 4).

Distributions of BMI in socio-demographic sub-
groups of women and men were shown in Table 1 and
Table 2; distributions of WC were shown in Table 3
and Table 4. In multivariable-adjusted models, older
women were at substantially higher risks for overall
and abdominal obesity while older men were not (Fig-
ure 2). For example, compared with women aged 35
to 44 years, those aged 65 to 75 years were 29% and
76% more likely to meet criteria for overall and ab-
dominal obesity, whereas men aged 65 to 75 years
were 26% less likely to meet criteria for overall obesity
compared with those aged 35 to 44 years. Interest-
ingly, the abdominal obesity rates in subpopulations
of women aged 65 to 75 years were evidently higher
than those in subpopulations of women aged 35 to 45
years, while the overall and abdominal obesity rates in
subpopulations of men aged 35 to 44 and 65 to 75
years overlapped considerably (Figure 3).

Other factors associated with obesity were notable
for ethnicity, education, annual household income,
and current smoking and drinking status. Overall, non-
Han people were at higher adjusted risks for obesity
(Figure 2). For both overall and abdominal obesity,
higher education was associated with lower adjusted
risks in women but higher risks in men (Figure 2). For
example, women with college or university education
were associated with 3.46 (3.37-3.54) cm smaller WC
than those with below primary school education, while
men with college or university education were associ-
ated with 1.36 (1.26-1.46) cm larger WC than those
with below primary school education (Table in the Data
Supplement). For both overall and abdominal obe-
sity, among all annual household income categories,
women with annual household income of 10000 to
<50000 RMB were at the highest adjusted risk, while
men with annual household income >50000 RMB
were at the highest adjusted risk (Figure 2). Lastly, for
both women and men, current smoking was associ-
ated with lower adjusted risks for obesity, while cur-
rent drinking was associated with higher adjusted risks
for obesity (Figure 2), although the associations were
smaller in magnitude among women than men (Table
in the Data Supplement).

DISCUSSION

In this study of 2.7 million Chinese adults from 2014 to
2018, we report >15% women and men with overall
obesity and over 35% with abdominal obesity. We fur-
ther show that the significant associations of age and
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Figure 1. Distribution of body mass index (BMI) and waist circumference (WC) in women and men.
Less than 0.1% of data (N=1816) represented BMI >50 kg/m?, BMI <10 kg/m?, WC >140 cm, or WC <40 cm and were not shown on the histograms above.

education with obesity differ by sex and that consider-
able heterogeneity in obesity prevalence exists across
socio-demographic subgroups. Our results unequivo-
cally document abdominal obesity as a highly prevalent
phenotype in China and demonstrate sex differences in
age and education as potential risk factors for obesity.
Studying obesity epidemiology is crucial to population
health. BMI is strongly associated with higher incidence
of ischemic stroke and diabetes in China,’*'> and for a
given BMI, mainland Chinese have higher odds of co-
morbidities than White people in the US.™ In our study,
the prevalence of hypertension, dyslipidemia, diabetes,
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stroke, and myocardial infarction in the overall obese
population is about twice that in the normal weight
population. In addition, WC is important for obesity
research in China, because many high-WC Asians at
what is considered a normal BMI (<25 kg/m?) in West-
ern studies are at higher risks for cardiometabolic dis-
eases.*'” Our study finds an alarmingly high prevalence
of abdominal obesity at over 35%, more than twice the
prevalence of overall obesity based on BMI alone.

For domestic comparison, our results among
adults aged 35 to 75 years are similar to estimates
based on the most recently published, nationally
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Table 1. Distributions of Body Mass Index by Socio-Demographic Factors and Comorbidities in Women

Overall BMI <18.5 BMI 18.5-23.9 BMI 24.0-27.9 BMI >28.0

N 1574421 36870 678110 586391 248466
Age, y

35-44 242998 6154 (2.6%) 127149 (53.1%) 78050 (32.6%) 28160 (11.8%)

45-54 519100 9188 (1.8%) 222184 (43.5%) 197871 (38.7%) 81625 (16.0%)

55-64 492818 10815 (2.2%) 198785 (41.0%) 191582 (39.5%) 83723 (17.3%)

65-75 309004 10217 (3.4%) 125308 (41.2%) 115254 (37.9%) 53429 (17.6%)
Ethnicity

Han 1418244 30850 (2.2%) 606052 (43.4%) 534790 (38.3%) 224232 (16.1%)

Non-Han 155120 6007 (3.9%) 71663 (46.9%) 51170 (33.5%) 24033 (15.7%)
Marital status

Married 1442445 32925 (2.3%) 622789 (43.9%) 537640 (37.9%) 226502 (16.0%)

Others 131976 3945 (3.0%) 55321 (42.6%) 48751 (37.5%) 21964 (16.9%)
Education

<Primary school 356717 11049 (3.1%) 145255 (41.4%) 130620 (37.2%) 64060 (18.3%)

Primary school 402110 9729 (2.5%) 161242 (40.7%) 153604 (38.8%) 71313 (18.0%)

Middle school 471487 8971 (1.9%) 200009 (43.1%) 180976 (39.0%) 74021 (16.0%)

High school 223191 4346 (2.0%) 106229 (48.3%) 81427 (37.0%) 27791 (12.6%)

College or university 99393 2331 (2.4%) 55519 (56.7%) 31971 (32.6%) 8148 (8.3%)

Unknown/refused to answer 21500 444 (2.1%) 9845 (46.4%) 7785 (36.7%) 3129 (14.8%)
Occupation

Farmer 755299 21206 (2.9%) 316501 (42.6%) 277391 (37.3%) 128358 (17.3%)

Nonfarmer 792487 15161 (1.9%) 349560 (44.8%) 299227 (38.4%) 116156 (14.9%)

Unknown/refused to answer 26635 503 (1.9%) 12049 (45.9%) 9773 (37.2%) 3952 (15.0%)
Annual household income, RMB

<10000 327099 9749 (3.0%) 137594 (42.7%) 118164 (36.7%) 56597 (17.6%)

10000-<50000 844898 17976 (2.2%) 355093 (42.7%) 321994 (38.7%) 136405 (16.4%)

>50000 238989 5336 (2.3%) 113591 (48.3%) 85663 (36.4%) 30736 (13.1%)

Unknown/refused to answer 148638 3486 (2.4%) 64623 (44.2%) 55149 (37.7%) 23087 (15.8%)
Residence urbanity

Urban 630974 12545 (2.0%) 278455 (44.8%) 236588 (38.1%) 93609 (15.1%)

Rural 943447 24325 (2.6%) 399655 (43.0%) 349803 (37.7%) 154857 (16.7%)
Geographic region

Western 549191 16174 (3.0%) 248562 (46.0%) 194974 (36.1%) 81059 (15.0%)

Central 442990 9682 (2.2%) 192424 (44.2%) 167869 (38.5%) 65853 (15.1%)

Eastern 582240 11014 (1.9%) 237124 (41.4%) 223548 (39.0%) 101554 (17.7%)
Health insurance status

Insured 1539334 36082 (2.4%) 662906 (43.7%) 573336 (37.8%) 242931 (16.0%)

Uninsured 10454 238 (2.3%) 4360 (42.4%) 3998 (38.9%) 1687 (16.4%)

Unknown/refused to answer 24633 550 (2.3%) 10844 (44.6%) 9057 (37.3%) 3848 (15.8%)
Current smoker 29758 1265 (4.3%) 11926 (40.6%) 10785 (36.7%) 5374 (18.3%)
Current drinker 135441 2617 (2.0%) 59660 (44.8%) 51361 (38.5%) 19619 (14.7%)
Comorbidities

Hypertension 680731 9731 (1.5%) 221513 (33.1%) 281366 (42.0%) 156693 (23.4%)

Dyslipidemia 502364 6414 (1.3%) 174284 (35.3%) 209363 (42.4%) 103827 (21.0%)

Diabetes 101362 1044 (1.0%) 30016 (30.1%) 42792 (42.9%) 25797 (25.9%)

Stroke 32893 525 (1.6%) 10792 (34.4%) 13653 (42.3%) 7333 (22.7%)

Myocardial infarction 9875 203 (2.1%) 3387 (34.8%) 3950 (40.6%) 2181 (22.4%)

Data are N (%). BMI indicates body mass index in kg/m?. Because BMI >1000 was treated as a recording error and excluded, 1.0%-2.0% participants were ex-
cluded in each subgroup/row. 7 RMB was ~1 USD during the study period.
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Table 2. Distributions of Body Mass Index by Socio-Demographic Factors and Comorbidities in Men

Overall BMI <18.5 BMI 18.5-23.9 BMI 24.0-27.9 BMI >28.0

N 1070300 19665 432751 439287 160429
Age, y

35-44 160190 2159 (1.4%) 61236 (38.9%) 65955 (41.9%) 28085 (17.8%)

45-54 318621 3741 (1.2%) 118307 (37.8%) 136696 (43.7%) 54224 (17.3%)

55-64 334504 5911 (1.8%) 137805 (41.9%) 138284 (42.1%) 46810 (14.2%)

65-75 247014 7418 (3.1%) 110592 (45.5%) 94841 (39.0%) 30257 (12.4%)
Ethnicity

Han 961221 17000 (1.8%) 382938 (40.5%) 399838 (42.3%) 144941 (15.3%)

Non-Han 108228 2655 (2.5%) 49528 (46.5%) 39078 (36.7%) 15319 (14.4%)
Marital status

Married 1016412 18061 (1.8%) 408715 (40.9%) 419281 (42.0%) 153016 (15.3%)

Others 53888 1604 (3.0%) 24036 (45.3%) 20006 (37.7%) 7413 (14.0%)
Education

<Primary school 133539 4452 (3.4%) 66848 (50.8%) 45136 (34.3%) 15075 (11.5%)

Primary school 254859 5965 (2.4%) 114210 (45.5%) 96338 (38.4%) 34403 (13.7%)

Middle school 376741 5710 (1.5%) 144365 (39.0%) 158862 (42.9%) 61195 (16.5%)

High school 187486 2354 (1.3%) 67761 (36.8%) 83915 (45.6%) 30092 (16.3%)

College or university 103926 962 (0.9%) 34076 (33.4%) 49241 (48.3%) 17661 (17.3%)

Unknown/refused to answer 13737 221 (1.6%) 5487 (40.6%) 5792 (42.9%) 1999 (14.8%)
Occupation

Farmer 514707 12457 (2.5%) 234574 (46.3%) 190408 (37.6%) 69070 (13.6%)

Nonfarmer 537269 6953 (1.3%) 191146 (36.2%) 241070 (45.7%) 88435 (16.8%)

Unknown/refused to answer 18324 255 (1.4%) 7031 (39.0%) 7809 (43.3%) 2924 (16.2%)
Annual household income, RMB

<10000 199069 5494 (2.8%) 92214 (47.1%) 71983 (36.7%) 26190 (13.4%)

10000-<50000 581186 9792 (1.7%) 229969 (40.3%) 242473 (42.4%) 89071 (15.6%)

>50000 189527 2461 (1.3%) 67964 (36.5%) 84425 (45.4%) 31225 (16.8%)

Unknown/refused to answer 89592 1772 (2.0%) 37327 (42.3%) 36165 (41.0%) 12876 (14.6%)
Residence urbanity

Urban 424126 6185 (1.5%) 158658 (38.1%) 185592 (44.6%) 66118 (15.9%)

Rural 646174 13480 (2.1%) 274093 (43.1%) 253695 (39.9%) 94311 (14.8%)
Geographic region

Western 375139 8679 (2.4%) 162715 (44.1%) 144470 (39.2%) 53100 (14.4%)

Central 296441 5312 (1.8%) 121314 (41.6%) 122180 (41.9%) 42517 (14.6%)

Eastern 398720 5674 (1.4%) 148722 (38.0%) 172637 (44.1%) 64812 (16.5%)
Health insurance status

Insured 1048462 19324 (1.9%) 424279 (41.2%) 430314 (41.8%) 156744 (15.2%)

Uninsured 6249 90 (1.5%) 2349 (38.2%) 2617 (42.6%) 1087 (17.7%)

Unknown/refused to answer 15589 251 (1.6%) 6123 (39.9%) 6356 (41.5%) 2598 (16.9%)
Current smoker 484713 10728 (2.3%) 210325 (44.1%) 187715 (39.4%) 67955 (14.3%)
Current drinker 497974 7470 (1.5%) 190025 (38.8%) 209797 (42.9%) 81888 (16.7%)
Comorbidities

Hypertension 498622 5942 (1.2%) 156696 (32.0%) 221068 (45.1%) 106031 (21.7%)

Dyslipidemia 415924 3289 (0.8%) 116636 (28.6%) 194952 (47.7%) 93442 (22.9%)

Diabetes 69956 550 (0.8%) 18837 (27.5%) 32887 (47.9%) 16348 (23.8%)

Stroke 30575 404 (1.3%) 10078 (33.6%) 13602 (45.3%) 5930 (19.8%)

Myocardial infarction 9751 155 (1.6%) 2903 (30.3%) 4326 (45.2%) 2192 (22.9%)

Data are N (%). BMI indicates body mass index in kg/m?. Because BMI >1000 was treated as a recording error and excluded, 1.0%-—

cluded in each subgroup/row. 7 RMB was ~1 USD during the study period.
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Table 3. Distributions of Waist Circumference by Socio-Demographic Factors and Comorbidities in Women

Overall WC <85 WC >85

N 1354358 845338 509020
Age, y

35-44 215854 164963 (76.4%) 50891 (23.6%)

45-54 444535 291707 (65.6%) 152828 (34.4%)

55-64 418839 240776 (57.5%) 178063 (42.5%)

65-75 266451 143133 (53.7%) 123318 (46.3%)
Ethnicity

Han 1235413 774863 (62.7%) 460550 (37.3%)

Non-Han 117888 69848 (59.2%) 48040 (40.8%)
Marital status

Married 1240004 778653 (62.8%) 461351 (37.2%)

Others 114354 66685 (58.3%) 47669 (41.7%)
Education

<Primary school 325667 186821 (57.4%) 138846 (42.6%)

Primary school 338845 198368 (58.5%) 140477 (41.5%)

Middle school 398269 254627 (63.9%) 143 642 (36.1%)

High school 185448 125925 (67.9%) 59523 (32.1%)

College or university 85949 66892 (77.8%) 19057 (22.2%)

Unknown/refused to answer 20157 12692 (63.0%) 7465 (37.0%)
Occupation

Farmer 661857 398915 (60.3%) 262942 (39.7%)

Nonfarmer 668093 430959 (64.5%) 237134 (35.5%)

Unknown/refused to answer 24408 15464 (63.4%) 8944 (36.6%)
Annual household income, RMB

<10000 285646 166594 (58.3%) 119052 (41.7%)

10000-<50000 722265 450089 (62.3%) 272176 (37.7%)

>50000 210895 142634 (67.6%) 68261 (32.4%)

Unknown/refused to answer 135522 86008 (63.5%) 49514 (36.5%)
Residence urbanity

Urban 533703 338200 (63.4%) 195503 (36.6%)

Rural 820655 507138 (61.8%) 313517 (38.2%)
Geographic region

Western 493938 314962 (63.8%) 178976 (36.2%)

Central 387625 249694 (64.4%) 137931 (35.6%)

Eastern 472795 280682 (59.4%) 192113 (40.6%)
Health insurance status

Insure 1321652 824788 (62.4%) 496864 (37.6%)

Uninsured 8836 5579 (63.1%) 3257 (36.9%)

Unknown/refused to answer 23870 14971 (62.7%) 8899 (37.3%)
Current smoker 26316 15103 (57.4%) 11213 (42.6%)
Current drinker 117502 75667 (64.4%) 41835 (35.6%)
Comorbidities

Hypertension 589528 299867 (50.9%) 289661 (49.1%)

Dyslipidemia 411398 217937 (53.0%) 193461 (47.0%)

Diabetes 91183 39376 (43.2%) 51807 (56.8%)

Stroke 27005 13251 (49.1%) 13754 (50.9%)

Myocardial infarction 8531 4259 (49.9%) 4272 (50.1%)

Data are N (%). WC indicates waist circumference in cm. 7 RMB was ~1 USD during the study period.
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Table 4. Distributions of Waist Circumference by Socio-Demographic Factors and Comorbidities in Men

Overall WC <90 WC >90

N 900260 573239 327021
Age, y

35-44 138896 87969 (63.3%) 50927 (36.7%)

45-54 263678 161652 (61.3%) 102026 (38.7%)

55-64 278320 178432 (64.1%) 99888 (35.9%)

65-75 211126 139570 (66.1%) 71556 (33.9%)
Ethnicity

Han 819187 521639 (63.7%) 297548 (36.3%)

Non-Han 80222 51099 (63.7%) 29123 (36.3%)
Marital status

Married 854146 542231 (63.5%) 311915 (36.5%)

Others 46114 31008 (67.2%) 15106 (32.8%)
Education

<Primary school 119213 86867 (72.9%) 32346 (27.1%)

Primary school 209931 142741 (68.0%) 67190 (32.0%)

Middle school 316891 195247 (61.6%) 121644 (38.4%)

High school 153272 89664 (58.5%) 63608 (41.5%)

College or university 88129 50567 (57.4%) 37562 (42.6%)

Unknown/refused to answer 12812 8148 (63.6%) 4664 (36.4%)
Occupation

Farmer 439287 301367 (68.6%) 137920 (31.4%)

Nonfarmer 444360 261740 (58.9%) 182620 (41.1%)

Unknown/refused to answer 16613 10132 (61.0%) 6481 (39.0%)
Annual household income, RMB

<10000 169880 114856 (67.6%) 55024 (32.4%)

10000-<50000 486432 307588 (63.2%) 178844 (36.8%)

>50000 162895 97322 (59.7%) 65573 (40.3%)

Unknown/refused to answer 81029 53460 (66.0%) 27569 (34.0%)
Residence urbanity

Urban 346803 207879 (59.9%) 138924 (40.1%)

Rural 553457 365360 (66.0%) 188097 (34.0%)
Geographic region

Western 331777 217344 (65.5%) 114433 (34.5%)

Central 255486 168909 (66.1%) 86577 (33.9%)

Eastern 312997 186986 (59.7%) 126011 (40.3%)
Health insurance status

Insured 879998 560694 (63.7%) 319304 (36.3%)

Uninsured 5133 3110 (60.6%) 2023 (39.4%)

Unknown/refused to answer 15129 9435 (62.4%) 5694 (37.6%)
Current smoker 420942 274852 (65.3%) 146090 (34.7%)
Current drinker 422274 257742 (61.0%) 164532 (39.0%)
Comorbidities

Hypertension 422668 229864 (54.4%) 192804 (45.6%)

Dyslipidemia 344711 176129 (51.1%) 168582 (48.9%)

Diabetes 62878 29423 (46.8%) 33455 (53.2%)

Stroke 25446 13995 (55.0%) 11451 (45.0%)

Myocardial infarction 8422 4200 (49.9%) 4222 (50.1%)

Data are N (%). WC indicates waist circumference in cm. 7 RMB was =1

USD during the study period.
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A Overall Obesity in Women Abdominal Obesity in Women
Characteristics Adjusted RR (95% CI) Adjusted RR (95% CI)
Age, year

35-44 1 1

45-54 L 1.26 (1.24-1.27) L] 1.39(1.37-1.40)

55-84 ] 1.30 (1.28-1.32) = 1.66 (1.64-1.67)

65-75 L] 129(1.27-131) [ 1.76 (1.74-1.77)
Ethnicity

Han 1 1

Non-Han " 1.13(1.11-1.18) L 1.08 (1.07-1.09)
Marital status

Married 1 1

Others L] 0.97 (0.96-0.99) L] 0.99 (0.98-0.99)
Education

<Primary School 1 1

Primary School L] 0.99 (0.98-1.00) [ 1.00 (0.99-1.00)

Middle School - 0.85 (0.84-0.86) . 0.90 (0.89-0.90)

High School L 0.68 (0.67-0.69) - 0.78 (0.77-0.78)

College or University - 0.47 (0.46-0.48) L] 0.61 (0.60-0.62)

Unknown / refused to answer - 0.85 (0.81-0.89) - 0.93 (0.91-0.96)
Occupation

Farmer 1 1

Non-farmer [ 1.01 (1.00-1.02) ] 1.00 (0.99-1.00)

Unknown / refused to answer - 1.02 (0.98-1.06) [ 1.00 (0.98-1.02)
Annual household income, RMB

<10,000 1 1

10,000-<50,000 L] 1.01(1.00-1.02) L] 1.01(1.01-1.02)

>=50,000 - 0.97 (0.95-0.98) L] 0.98 (0.97-0.99)

Unknown / refused to answer L] 1.03(1.01-1.04) L] 0.98 (0.97-0.99)
Residence urbanity

Urban 1 1

Rural - 0.86 (0.82-0.90) - 0.84 (0.82-0.87)
Geographic region

Western 1 1

Central - 1.02 (0.97-1.07) - 0.95 (0.91-0.98)

Eastern - 1.22 (1.16-1.28) - 1.10 (1.07-1.14)
Health insurance status

Insure 1 1

Uninsured - 0.99 (0.95-1.03) - 0.97 (0.95-1.00)

Unknown / refused to answer - 0.89 (0.86-0.93) - 0.97 (0.95-0.99)
Smoking status

Not current smoker 1 1

Current smoker = 0.91(0.89-0.93) L] 0.98 (0.97-0.99)
Drinking status

Not current drinker 1 1

Current drinker = 1.00 (0.99-1.02) = 1.02 (1.01-1.02)

T T T 1 T T T
0.50 075 1.0 12515 0.50 075 1.0 1.2515

B Overall Obesity in Men Abdominal Obesity in Men
Characteristics Adjusted RR (95% CI) Adjusted RR (95% CI)
Age, year

35-44 1 1

45-54 L 0.98 (0.96-0.99) L] 1.08 (1.07-1.09)

55-64 = 0.81(0.80-0.82) L] 1.04 (1.03-1.05)

65-75 ] 0.74 (0.73-0.75) L] 1.04 (1.03-1.05)
Ethnicity

Han 1 1

Non-Han = 114 (1.12-1.17) ] 1.08 (1.06-1.09)
Marital status

Married 1 1

Others = 0.97 (0.95-0.99) . 0.95 (0.94-0.97)
Education

<Primary School 1 1

Primary School ] 113 (1.11-1.18) L] 1.11(1.10-1.12)

Middle School [] 1.18(1.16-1.20) L] 1.18(1.17-1.20)

High School ] 113 (1.11-1.15) - 1.19 (1.18-1.21)

College or University - 1.07 (1.05-1.10) = 117 (1.16-1.19)

Unknown / refused to answer - 1.06 (1.00-1.12) - 1.12 (1.09-1.16)
Occupation

Farmer 1 1

Non-farmer - 1.15 (1.13-1.16) L] 1.13 (1.12-1.15)

Unknown / refused to answer - 1.14(1.10-1.19) L] 1.13(1.11-1.16)
Annual household income, RMB

<10,000 1 1

10,000-<50,000 L] 1.06 (1.05-1.08) L] 1.05 (1.04-1.06)

>=50,000 = 1.11(1.09-1.14) = 1.09 (1.07-1.10)

Unknown / refused to answer - 1.10 (1.08-1.13) - 1.06 (1.04-1.07)
Residence urbanity

Urban 1 1

Rural - 0.93 (0.88-0.97) - 0.87 (0.84-0.90)
Geographic region

Western 1 1

Central - 1.05 (0.99-1.10) - 0.93 (0.90-0.97)

Eastern - 1.13(1.07-1.19) - 1.04 (1.01-1.08)
Health insurance status

Insure 1 1

Uninsured - 1.00 (0.94-1.05) - 0.96 (0.92-0.99)

Unknown / refused to answer - 0.93 (0.89-0.97) - 0.93 (0.90-0.95)
Smoking status

Not current smoker 1 1

Current smoker L] 0.84 (0.83-0.85) = 0.93 (0.92-0.94)
Drinking status

Not current drinker 1 1

Current drinker L 1.15(1.14-1.17) = 1.14(1.13-1.14)

| . S | I R R
050 075 10 12515 0.50 075 10 12515

Figure 2. Multivariable-adjusted relative risks (RR) for overall and abdominal obesity in (A) women and (B) men.
All variables are mutually adjusted in log-binomial models with community/village-specific random effects. For analysis of abdominal obesity in men, Poisson-bino-
mial models were used to achieve convergence. 7 RMB was ~1 USD during the study period.
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Figure 3. Prevalence of obesity across population subgroups with >500 people each.

This figure illustrates the distribution of obesity prevalence among 337956 population subgroups that were defined by different combinations of the 12 studied socio-
demographic factors and that had a minimal size of 500 people (details in Methods in the Data Supplement). For example, the top right panel shows that among
women aged 65-75 y, about half (the right half of the purple curve) of population subgroups had a prevalence of abdominal obesity above 40% (x axis).

representative data. For example, the China Chronic
Disease and Risk Factor Surveillance data suggest
that among adults aged 18 years or older in 2013 to
2014, prevalence of overall and abdominal obesity
were 14% and 31% in men and 14% and 32% in
women,® and the China Physical Fitness Surveillance
Center data suggest that among Chinese adults
aged 35 to 59 years in 2014, prevalence of overall
and abdominal obesity were 14% to 15% and 25%
to 37%, respectively.’® For international comparison,
take the United States as an example: in 2015 to
2016, rates of overall and abdominal obesity were
41% and 69% among females and 38% and 48%
among males'?; before that, overall obesity had ap-
peared stabilized from 2003 to 2012,%° while ab-
dominal obesity had continued climbing.?' Given the
prevalent burden of abdominal obesity in China and
perhaps globally, WC should be considered as a rou-
tine measure in clinical services, a meaningful target
in preventive health care, and an important metric in
public health policy.

One other important finding of this study is the
strong, positive association of age groups with BMI

Circ Cardiovasc Qual Outcomes. 2021;14:e007292. DOI: 10.1161/CIRCOUTCOMES.120.007292

and WC in women but the strong, negative associa-
tion of age groups with BMI in men. This pattern is not
widely reported or characterized in the literature. One
possible biological explanation is that postmenopausal
women tend to accumulate more abdominal fat due
to the deficiency of estrogen, which normally reduces
visceral fat by modulating adipose tissue metabolism
and leptin responsiveness.?? Our study also finds that
the association of education with obesity differs by sex.
This interesting pattern has been noted in the literature,
and a recent study of Chinese monozygotic twins sug-
gests that genetic and shared environmental factors
confound the (negative) association between education
and BMI in females and that unique environmental cor-
relations between education and BMI were only signifi-
cant in males.? While future research should examine
how education may affect obesity differently in different
demographics, increasing educational attainment and
reducing inequality remains a top public health priority
as lower educational level has been shown to be the
leading modifiable risk factor for death worldwide and
the second for cardiovascular disease in middle-income
countries.?*
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One notable complex finding of our study is on the
relationship between household income and obesity
for several reasons. First, data from 1991 to 2011 in
China suggest that socioeconomic status positively
affected BMI trajectories in males but not females,
a reflection of social disparity.?> Our study similarly
found positive associations between household in-
come and obesity in men but not women and may
add to this literature. Second, increasing household
income could exhibit both deleterious effects of nu-
tritional excess and protective effects of improved
dietary quality. For example, the negative income
elasticity of demand for inferior goods supports that
increasing household income may reduce demand for
staple food like rice and potato in favor of substitutes
with higher dietary quality and diversity. Third, an-
nual household income may misrepresent long-term
household resource, which more reliably determines
nutritional status. For example, when Russia experi-
enced rapid economic decline followed by a drastic
rebound in 1996 to 2000, population nutritional sta-
tus was affected by long-term household resource
but resilient to short-term fluctuation.?® Therefore,
favorable dietary changes and an imperfect house-
hold resource measure may obscure the link between
income and obesity in our study.

Understanding the state of obesity in China has
implications for the world. Current global trends pre-
dict obesity prevalence of 18% in men and 21% in
women by 2025 .3 In health trajectory forecasts of 195
countries and territories for 2016 to 2040, rising BMI
will slow down the global progress in extending life
expectancy and by 2040 become the leading risk fac-
tor for years of life lost in 76 countries, followed by
tobacco in 48 and high blood pressure in 25; because
rising BMI is amenable to population-level interven-
tions, ample room exists for both improvement and
deterioration of future health trajectories.?’ In high-
income countries, abdominal obesity is the third lead-
ing modifiable risk factor for death with a population
attributable fraction of 11%.2* In low-income and
middle-income countries, nutritional transition has
followed similar patterns that high-income countries
experienced in the past, but it has occurred faster and
earlier relative to their levels of socioeconomic devel-
opment.?® In addition, socioeconomic advancement
in low-income populations may increase cardiometa-
bolic disease risk even at levels that do not substan-
tially affect high-income populations.?® In fact, over
the past 3 decades, over half of the global rise in BMI
was due to increases in BMI in rural areas in low- and
middle-income countries.3® Interpreting our results
in this context highlights the urgency to address the
rising obesity epidemic globally and particularly in
emerging economies via early, proactive, multi-level
interventions.

Circ Cardiovasc Qual Outcomes. 2021;14:e007292. DOI: 10.1161/CIRCOUTCOMES.120.007292

Several limitations apply to our study. First, timely
recruitment of 2.7 million participants across China
came with the trade-off of fully representative sam-
pling. For example, compared with the underlying
population, rural participants could be healthier (eg,
healthy worker effect) or less healthy (eg, participa-
tion in research to fulfill unmet healthcare needs).
However, our main results closely resemble age-
standardized prevalence estimates using the 2010
Chinese Census data and 2 most recently published,
independent reports based on nationally representa-
tive data from 2014.>'® Second, we do not currently
have diet and physical activity data on all participants
to interrogate their associations with obesity at the
individual level; instead, we focus on understanding
socio-demographic factors in China to address obesity
at the population level. Third, given its cross-sectional
design, this study lacks data to assess BMI and WC
patterns over time or establish causal determinants
of obesity, although a longitudinal study on a similar
scale is unprecedented.

In summary, we estimated the prevalence of obesity
and its socio-demographic associations in China and re-
port more than one in 7 individuals with overall obesity
and one in 3 with abdominal obesity. We show that
wide variation in obesity prevalence exists across socio-
demographic subgroups and that the associations of
age and education with obesity are significant and dif-
fer by sex. Understanding the current state of obesity in
China has broad implications on public health policy in
China and in other emerging economies.
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