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A B S T R A C T

Background: China has experienced rapid economic growth and reduced poverty, but the associated changes
of BMI categories of the Chinese population in recent years are unclear.
Methods: We collected data from two-round cross-sectional National Health Service Surveys (NHSSs) con-
ducted in China in 2013 and 2018. All family members with BMI available from the households sampled in
NHSSs were included. We analyzed the standardized prevalence and changes of obesity and overweight by
year, age, sex, and urban-rural area, and further identified risk factors for obesity and overweight.
Findings: 273,688 individuals were included in 2013 and 25,6304 included in 2018. The standardized preva-
lence of obesity and overweight in adults were 19.3% (95%CI 19.1�19.4%) in 2013 and 25.6% (95%CI
25.3�25.8%) in 2018, versus 19.4% (95%CI 19¢1�19.8%) in children and adolescents in 2013 and 15.8% (95%CI
15.5�16.1%) in 2018. The standardized prevalence of obesity and overweight was 16.9% (95%CI 16.0�17.3%)
in young adults aged 19�29 in 2018, 48.2% higher than that in 2013 (11.4% [95%CI 11.0�11.6%]). Although
the obesity and overweight prevalence was higher in urban areas, the growth rate in rural areas was 1.8 times
higher than that in urban areas. Low education levels, low-income quintiles, marital status, alcohol consump-
tion and former-smoking status were associated with higher obesity and overweight prevalence in adults.
Interpretation: The rapidly increasing prevalence in young adults may lead to the growing chronic disease
burden in the future, to the detriment of recent economic gains of rural families.
Funding: National Health Commission of the People's Republic of China.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Obesity and overweight is a major global public health problem
[1], and an important preventable risk factor for major non-commu-
nicable diseases (NCDs) including cardiovascular diseases, stroke,
and certain cancers [2,3], which are the top three causes of adult mor-
tality in China and worldwide [4]. Childhood obesity and overweight
are associated with increased risk of elevated lifetime morbidity and
premature mortality [5,6]. With this in mind, China started its first
National-wide survey of obesity, overweight and underweight in
1959. The prevalence of obesity and overweight remained very low
in 1970s and 1980s for the entire population, being only 7.8% for
adults and 0.6% for children and adolescents in 1985 [7,8]. Even in
the early 1990s, the obesity and overweight prevalence was still very
low for adults in China [7,9]. However, some studies performed after
the year 2000 have indicated a rapid increase in the prevalence of
obesity and overweight in the Chinese population from 1989 to 2014
[10,11].

Socioeconomic developments are apt to bring significant changes
in BMI categories in the population. In the process of China's recent
economic development, the prevalence of underweight in children
and adolescents had certainly decreased, but the prevalence of obe-
sity and overweight had increased, especially in rural areas [12].
Other studies also suggested the obesity prevalence was generally
higher in rural areas than in urban areas in the United States
[13�15]. At the start of China’s rapid economic development and
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Research in context

Evidence before this study

The previous studies were either performed in limited number
of provinces with a relatively small sample size or targeted spe-
cific populations, and none of them reported the most recent
national-wide changes of a comprehensive set of BMI catego-
ries in China.

Added value of this study

We depicted the most recent changes of BMI categories in the
whole population in mainland China. Low education levels,
low-income quintiles, marital status, alcohol consumption and
former-smoking were associated with higher obesity and over-
weight prevalence in adults.

Implications of all the available evidence

China is facing a huge double burden of malnutrition as well as
the associated health problems when solving the subsistence
problem in rural areas. More practical and effective policies
should specifically target young adults, especially in rural
China.
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commitment to poverty reduction, the socioeconomic level varied
widely across regions. However, the effects of these transformation
on BMI categories in recent years was unclear.

National Health Commission (NHC) of the People’s Republic of
China organized the National Health Services Surveys (NHSSs), which
started to record BMI and other demographics of the participants in
2013. The aim here was to show the most recent changes of a com-
prehensive set of BMI categories extending from underweight to obe-
sity in a large sample of the whole population stratified by age,
gender and geographic regions. Moreover, factors related to adults
and children and adolescents’ excess bodyweight were investigated
while exploring the association between BMI categories and NCDs. In
this study, we report the findings of this project during the interval
2013�2018.

2. Methods

2.1. Data source and sample

NHSSs aimed to provide information about Chinese individuals’
health status for policy makers, covering all 31 provinces, autono-
mous regions, and municipalities in the mainland of China. As
described previously [16,17], we performed a multistage stratified
cluster sampling method in these surveys. First, we divided mainland
China into east, central and west regions. Then we sampled counties
from each region stratified by urban and rural areas, and the house-
holds from each county to cover 0.02% of the entire population, tak-
ing account a 5% nonresponder rate. We sampled 78 counties in
urban areas and 78 counties in rural areas in 2013 and 82 counties in
urban areas and 74 counties in rural areas in 2018. Second, we
selected five streets or townships in each urban or rural county, and
then two communities or villages from each street or township,
respectively. In each community or village, which typically contained
500�3000 households, we randomly selected 60 households from
each of them. Ten standby households in each administrative com-
munity or village were also selected, so that we could resort to them
in the event of failure to interview the originally selected households,
we would move onto one of ten standby households. A total of
93,613 households were selected for survey of 2013 and 94076 for
survey of 2018. All members with body weights and heights available
were eligible in this study (Fig. 1).

The NHSS were approved by the institutional review board of the
Chinese National Bureau of Statistics. At the last stage of sampling, all
selected households would receive a notice describing the purpose
and process of the study, and the investigation continued only if they
agree to participate. All respondents provided their consents to par-
ticipate in the survey before the interview.

2.2. Procedure

Local healthcare workers from hospitals in the selected communi-
ties or townships were trained to administer the face-to-face inter-
views based on a structured questionnaire included information
about demographic characteristic, socioeconomic characteristic, and
health related behavior of participants at both rounds of the survey.

Individuals’ body weight and height were measured with standar-
dised techniques and equipment. For infants and toddlers aged 0�2,
the recumbent length was measured instead of standing height. The
BMI was calculated as dividing body weight (in kilograms) by
squared height or length (in meters). We defined adults with BMI
<18,5 kg/m2 as underweight, those with BMI �25 and <30 kg/m2 as
overweight, and those with BMI �30kg/m2 as obese according to the
WHO’s recommendation [18,19]. For children and adolescents under
18 years old, the criterion for underweight, obesity and overweight
were based on the WHO growth standards 2006 for children aged
0�5 [20,21] and the WHO growth standards 2007 for children and
adolescents aged 6�18 [21,22].

Former smokers were defined as those who had smoke 100 or
more cigarettes during their entire life before having stopped at the
time of survey [17]. Current smokers were defined as those who had
smoked 100 or more cigarettes and continued smoking [17]. Alcohol
consumption was defined as having had one drink containing alcohol
in the past 12 months. Physical activity was defined as having done
recreational physical activity at least once a week in the past month.
To calculate income quartiles, we recorded the total disposable
income from household reports of wages, government subsidies
received, and any other sources of income. In rural areas, we sub-
tracted business and agricultural investments from the gross income.
Self-reported chronic diseases including hypertension, diabetes,
ischemic heart disease, cerebrovascular disease, liver and gall bladder
disease, chronic respiratory disease, cancer, and gastrointestinal dis-
ease were recorded at each round of the survey (Appendixs 1 and 2).
The interviewers had to provide relevant medical records from doc-
tors as evidence for diagnosis. Doctors from higher-level health insti-
tutions, i.e. Grade-A Tertiary Hospitals in the selected regions
supervised the diagnoses, and the investigator filled in the disease
code in the questionnaire according to the international Classification
of Diseases 10 [17].

2.3. Statistical analysis

All data were documented on a written questionnaire and then
double entered into an online system provided by the NHC of the
People’s Republic of China. Biologically implausible z-scores of height
for age <�6.0 or >6.0, weight for age <�6.0 or >6.0, and BMI for age
<�6.0 or >6.0 were excluded from the final analysis according to the
methods prescribed by WHO AnthroPlus and previous studies
[23,24] Records with missing values either for height, weight, gender,
or age were also excluded in the final analysis. The analyses were
performed separately for adults (age>18 years) and children or ado-
lescents (age �18 years). We performed the statistical analysis using
SAS 9.4, and consider as significant a two-side P value <0¢05. Age and
sex standardised prevalence of BMI categories based on the 2010
national census was presented for the overall population and sub-
groups stratified by geographical regions (east, central, west) and



Fig. 1. Study profile. NHSS=National Health Service Surveys in China. aA multistage stratified cluster sampling method was used in these surveys. The mainland China was first
divided into east, central and west regions. We sampled 156 counties each year stratified by region and residence. bUnreasonable data with z scores of height for age <�6.0 or >6.0
(age<19), weight for age <�6.0 or >6.0(age<10), and BMI for age <�6.0 or >6.0(age<19) were excluded from the final analysis. Missing values for height, weight, gender, or age
were also excluded in the final analysis.
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urbanization (urban, rural), as well as by provinces. We combined
obesity and overweight together and used Pearson Chi-squared
tests to compare the prevalence of the BMI categories across sub-
groups. We applied Joinpoint models to analyse the percent
change of obesity and overweight prevalence as a function of
increasing age [17,25].

We then constructed multiple logistic regression models to esti-
mate the odds ratios (ORs) and 95%CI of all recorded variables
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potentially associated with obesity and overweight. To analyse the
influence of family setting on the prevalence of obesity and over-
weight in children and infants’ obesity, we applied a logistic regres-
sion model involving the family factors, such as marital status,
education, employment, alcohol consumption, income quartiles, and
physical activity. We also constructed multiple logistic regression
models to explore the association between BMI categories (obesity
and overweight vs. health; underweight vs. health) and the total bur-
den of NCDs or each category of NCD separately from the pooled data
of the two-round surveys.

2.4. Role of the funding source

The sponsor of this study had no role in study design, data collec-
tion, data analysis, data interpretation and writing of this study. All
authors had access to the data and were responsible for the decision
to submit the manuscript for publication.

3. Results

A total of 273,688 individuals were interview and measured in
2013 and 256,304 individuals in 2018. Among them, 6784 (2.5%) in
2013 and 4645 (1.8%) in 2018 were excluded due to missing values of
either height, weight, gender or age. In addition, 2907 (1.0%) individ-
uals in 2013 and 1991 (0.8%) individuals in 2018 were excluded for
Table 1
Standardised prevalence of BMI Categories in Chinese population in 2013 and 2018.

BMI Categories 2013
Standardised prevalencea (%, 95%CI)

Underweight Health Overweight O

Adults 8.4 (8.2-8.5) 72.3 (72.2-72.6) 17.2 (17.0-17.4) 2
Age, y
19�29 13.4 (13.0-13.8) 75.2 (74.7-75.7) 9.9 (9.6-10.2) 1
30�39 5.8 (5.5-6.0) 74.3 (73.8-74.8) 17.6 (17.2-18.0) 2
40�49 4.3 (4.1-4.5) 72.3 (71.9-72.7) 21.2 (20.8-21.6) 2
50�59 5.3 (5.1-5.5) 70.7 (70.2-71.1) 21.7 (21.4-22.1) 2
60�69 8.6 (8.3-8.9) 69.2 (68.7-69.7) 19.8 (19.4-20.2) 2
�70 17.4 (16.9-17.8) 65.7 (65.1-66.3) 15.1 (14.7-15.6) 1
Sex
Male 5.7 (5.6-5.9) 72.3 (71.9-72.5) 19.7 (19.4-19.9) 2
Female 11.0 (10.8-11.2) 72.5 (72.2-72.8) 14.7 (14.5-14.9) 1
Residence
Urban 8.1 (7.9-8.3) 70.5 (70.2-70.8) 18.9 (18.7-19.1) 2
Rural 8.7 (8.5-8.9) 74.2 (73.9-74.4) 15.5 (15.3-15.7) 1
Region
East 7.2 (7.0-7.4) 71.3 (71.0-71.7) 19.1 (18.7-19.3) 2
Centre 8.3 (8.0-8.5) 72.2 (71.9-72.6) 17.5 (17.2-17.8) 2
West 9.7 (9.5-9.9) 73.5 (73.2-73.8) 15.1 (14.8-15.3) 1
Children and Adolescents 6.1 (5.9-6.3) 74.5 (74.1-74.9) 13.0 (12.7-13.3) 6
Age, y
0-5 7.4 (7.0-7.8) 70.6 (69.8-71.4) 14.2 (13.6-14.8) 7
6-18 5.7 (5.5-6.0) 73.9 (73.4-74.4) 13.7 (13.3-14.1) 6
Sex
Boys 6.5 (6.2-6.9) 70.6 (70.0-71.1) 14.7 (14.3-15.2) 8
Girls 5.6 (5.3-5.9) 79.1 (78.5-79.5) 10.9 (10.5-11.3) 4
Residence
Urban 6.2 (5.8-6.5) 75.5 (74.9-76.1) 12.7 (12.2-13.1) 5
Rural 6.0 (5.8-6.3) 73.7 (73.2-74.2) 13.3 (12.9-13.7) 7
Region
East 5.7 (5.3-6.1) 75.4 (74.7-76.1) 13.2 (12.6-13.8) 5
Centre 5.9 (5.6-6.3) 73.3 (72.6-73.9) 13.9 (13.4-14.5) 6
West 6.6 (6.2-7.0) 74.8 (74.1-75.4) 12.0 (11.6-12.5) 6

BMI: Body mass index (calculated as weight in kilograms divided by height in meters squa
of height. a The prevalence of different BMI status is standardised by age and sex based on
We defined adults with BMI <18.5 kg/m2 as underweight, those with BMI �25 and <30 k
aged 0-5 with weight-for-height more than 3 standard deviation (SD) above the WHO Ch
the range of 2SD below the median to 2SD above the median as healthy weight, and more
for-age more than 2SD above the WHO Child Growth Standards median as obese, 1SD to
above the median as healthy weight, and more than 2SD below the median as underweigh
Values are standardised prevalence and its 95% CI. P values were obtained from Chi-squa
2013 and 2018. Test was significant (P <0.001) from Chi-square test across different BMI ca
reporting unreasonable data. In the end, 257,754 individuals in 2013
and 255,911 individuals in 2018 were included in the final analysis
(Fig. 1). The basic characteristics of the individuals of the demo-
graphic characteristic, socioeconomic characteristic, and health
related behaviors across the survey years are shown in the Appendix
3.

Among all Chinese adults, the standardised prevalence of obesity
and overweight was 19.3% (95%CI, 19.1�19.4%) in 2013, and 25.6%
(95%CI, 25.3�25.8%) in 2018. Meanwhile, the prevalence of under-
weight was relatively stable, being 8¢4% in 2013 and 8.2% in 2018.
Males had a significant higher prevalence of obesity and overweight
than females did in both 2013 (22.2% vs 16.7%) and 2018 (29.9% vs
21.8%, both P<0.001). The peak prevalence of obesity and overweight
occurred at the age of 40 in the male population, which was 10 years
earlier than in the female population. Urban adults had a higher prev-
alence of obesity and overweight compared with rural adults in both
survey years. This prevalence in urban areas was 25.4% higher in
2018 compared to 2013 (26.5% vs 21.4%, P<0.001), and 44¢7% in 2018
compared to 2013 in rural area (24.6% vs 17.1%, P<0.001). Adults in
east China had the highest prevalence of obesity and overweight
(21.5% in 2013 and 27.6% in 2018), while adults in west China had
the lowest (16.8% in 2013 and 23.3% in 2018) (Table 1 and Appendix
4). The standardized prevalence of the BMI Category in adult popula-
tion from 2013 to 2018 in China according to Asian criterion showed
the similar pattern of changes (Appendix 5).
BMI Categories 2018
Standardised prevalencea (%, 95%CI)

besity Underweight Health Overweight Obesity

.1 (2.0-2.1) 8.2 (8.1-8.4) 66.2 (66.0-66.5) 21.9 (21.7-22.1) 3.7 (3.6-3.8)

.5 (1.4-1.6) 14.1 (13.6-14.7) 69.0 (68.3-69.7) 13.8 (13.3-14.3) 3.1 (2.9-3.4)

.3 (2.1-2.5) 6.1 (5.9-6.4) 66.8 (66.2-67.3) 22.7 (22.2-23.2) 4.4 (4.2-4.7)

.3 (2.1-2.4) 3.7 (3.6-3.9) 66.1 (65.6-66.6) 26.3 (25.8-26.7) 3.9 (3.7-4.1)

.3 (2.2-2.4) 4.6 (4.4-4.7) 64.3 (63.9-64.8) 27.2 (26.8-27.6) 3.9 (3.7-4.1)

.4 (2.2-2.5) 7.8 (7.5-8.1) 64.7 (64.2-65.1) 24.2 (23.8-24.6) 3.3 (3.2-3.5)

.8 (1.6-1.9) 16.7 (16.2-17.1) 61.9 (61.4-62.5) 18.7 (18.2-19.2) 2.7 (2.5-2.9)

.3 (2.2-2.4) 6.0 (5.8-6.2) 64.4 (64.1-64.8) 25.4 (25.1-25.7) 4.2 (4.0-4.3)

.8 (1.7-1.9) 10.6 (10.3-10.8) 68.0 (67.7-68.3) 18.3 (18.1-18.6) 3.1 (3.0-3.3)

.5 (2.4-2.6) 7.8 (7.6-8.0) 65.7 (65.4-66.1) 22.7 (22.4-23.0) 3.8 (3.6-3.9)

.6 (1.6-1.7) 8.8 (8.5-9.0) 66.6 (66.3-67.0) 21.1 (20.8-21.4) 3.5 (3.4-3.7)

.4 (2.3-2.5) 7.5 (7.3-7.8) 65.1 (64.7-65.5) 23.2 (22.9-23.6) 4.2 (4.0-4.3)

.0 (1.9-2.2) 8.0 (7.7-8.3) 66.0 (65.5-66.4) 22.3 (21.9-22.7) 3.7 (3.6-3.9)

.7 (1.6-1.8) 9.3 (9.0-9.5) 67.4 (67.0-67.8) 20.1 (19.8-20.5) 3.2 (3.0-3.3)

.4 (6.2-6.7) 7.4 (7.2-7.7) 76.8 (76.4-77.2) 11.2 (10.9-11.5) 4.6 (4.4-4.8)

.8 (7.4-8.3) 7.9 (7.4-8.3) 77.3 (76.6-78.0) 10.1 (9.7-10.6) 4.7 (4.4-5.1)

.7 (6.4-7.0) 8.0 (7.7-8.3) 72.5 (72.1-73.1) 13.5 (13.1-13.9) 6.0 (5.6-6.2)

.2 (7.9-8.5) 7.8 (7.5-8.2) 72.8 (72.2-73.4) 13.5 (13-13.9) 5.9 (5.7-6.2)

.4 (4.2-4.7) 7.0 (6.6-7.3) 81.4 (80.9-81.9) 8.6 (8.3-9.0) 3.0 (2.8-3.2)

.6 (5.4-6.0) 7.3 (6.9-7.7) 77.6 (77.0-78.2) 11.3 (10.8-11.7) 3.8 (3.6-4.1)

.0 (6.7-7.3) 7.5 (7.2-7.9) 76.0 (75.4-76.5) 11.3 (10.9-11.7) 5.2 (5.0-5.5)

.7 (5.4-6.1) 7.3 (6.8-7.8) 77.5 (76.8-78.2) 11.2 (10.7-11.8) 4.0 (3.7-4.3)

.9 (6.5-7.3) 7.3 (6.9-7.8) 75.5 (74.8-76.2) 12.4 (11.8-12.9) 4.8 (4.5-5.1)

.6 (6.3-7.0) 7.6 (7.2-8.1) 77.1 (76.4-77.7) 10.4 (10.0-10.9) 4.9 (4.6-5.2)

red). For infants and toddlers aged 0�2, the recumbent length was measured instead
the 2010 national census.
g/m2 as overweight, and those with BMI �30 kg/m2 as obese. We defined individuals
ild Growth Standards median as obese, 2SD to 3SD above median as overweight, in
than 2SD below the median as underweight. We defined those aged 6�18 with BMI-
2SD above the median as overweight, in the range of 2SD below the median to 1SD
t for children and adolescents aged 6-18.
re test for the differences among different BMI categories across subgroups between
tegories by age, sex, residence, region in 2013 and 2018 separately.



Fig. 2. The geographic distribution of obesity and overweight prevalence in mainland China in 2013 and 2018. A: Prevalence of obesity and overweight in the adult population in
2013 (left) and in 2018 (right) B: Male adult population in 2013 (left) and in 2018 (right). C: Female adult population in 2013 (left) and in 2018 (right). D: Children and Adolescents
in 2013 (left) and in 2018 (right). Age- and gender- standardised prevalence of obesity and overweight was calculated for each province in each survey according to the 2010
National population Census. Hong Kong, Macao, and Taiwan were not included in this survey and showed in grey colour. We divided the provinces into five levels according to the
quartiles of the obesity and overweight prevalence in total adult population in 2013.
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The standardised prevalence of obesity and overweight was
declined in children and adolescents, from 19.4% (95%CI, 19.1�19.8%)
in 2013 to 15.8% (95%CI, 15¢5�16.1%) in 2018 (p<0.001). In the mean-
time, the standardised prevalence of underweight was 6.1% (95%CI,
5¢9�6.3%) in 2013 and 7.4% (95%CI, 7.2�7.7%) in 2018. The height
increase exceeded that of weight for children and adolescents during
the five-year surveying interval (Appendixs 6 and 7). In 2013, the
prevalence of obesity and overweight were higher in boys than that
in girls (22.9% vs 15.4%; P<0.001). The prevalence of obesity and
overweight in children and adolescents in 2018 showed a similar
gender difference. Compared with urban area, the rural children and
adolescents showed a higher obesity and overweight prevalence
(20¢3% vs 18¢3 % in 2013 and 16¢5% vs 15¢1% in 2018; both P<0¢001).
From east to west, there was declining prevalence of obesity and
overweight in children and adolescents from 18¢9% (95%CI, 18¢3-
19¢6%) in the east, 20¢8% (95%CI, 20¢2-21¢4%) in central China, and
18¢7% (95%CI, 18¢1-19¢2%) in the west in 2013 to 15¢2% (95%CI, 14¢6-
15¢8%) in the east, 17¢2% (95%CI, 16¢6-17¢8%) in central China, and
15¢3% (95%CI, 14¢8-15¢8%) in the east in 2018. Children and adoles-
cents from central China had the highest prevalence of obesity and
overweight during the surveying years (Table 1 and Appendix 8).

The standardised prevalence of obesity and overweight in adults
varied in different provinces of China, ranging from 16¢7% (95%CI,
15¢4-18¢1%) in Hainan province to 38¢0% (95%CI, 36¢1-39¢9%) in Tian-
jin in 2018. By gender, the prevalence varied from 19¢8% in Hainan
province to 43¢6% in Beijing for males, and from 13¢1% in Jiangxi
province to 35¢0% in Tianjin for females in 2018. The standardised
prevalence of obesity and overweight in adults were from 1¢7% to
46¢2% higher in 2018 than that in 2013 in all provinces in Mainland
China. A substantial number of provinces showed a change pattern
matching that of the national findings. We also identified three other
patterns of obesity and overweight prevalence changes from 2013 to
2018. The first pattern entailed obesity and overweight prevalence
well below the national average and a low increased rate, like
Shanghai and Jiangsu province in the east region. The second pattern
associates obesity and overweight prevalence well below the
national average and a rate of increase exceeding the national aver-
age, like Guizhou and Qinghai provinces. The third pattern entailed
an obesity and overweight prevalence well above the national aver-
age with a low rate of increase from 2013 to 2018, like Beijing and
Shandong provinces (Fig. 2 and Appendix 9).

In China, the age and gender specific obesity and overweight
prevalence among adults increased sharply in those aged
19�29 years old, then peaked in those aged 30�53 and declined in
those aged 54 or older in the two-round surveys. The age specific
obesity and overweight prevalence in young adults aged 19�29 was
48.2% higher in 2018 than that in 2013 (16.9% vs 11.4%). By gender,
the prevalence was 44.5% higher in 2018 than that in 2013 (28.4% vs
19.5%) among males and 53.7% higher in 2018 than that in 2013
among females (14.5% vs 9.4%) (Fig. 3 and Appendix 10). The preva-
lence of obesity and overweight peaked at the age of 36 in the rural
population, which was 5 years earlier than that of the urban popula-
tion.

Factors related to BMI status among adults in China are shown in
Fig. 4. We found that alcohol consumption was associated with an
increased prevalence of obesity and overweight in male adults, with
an OR of 1.2(95%CI 1.2�1.2). Besides, the adult males with higher
income quintiles tended to have a higher obesity and overweight
prevalence. In adult females, lower education levels (junior high
school or less) tended to be associated with higher obesity and over-
weight prevalence compared with those with higher education lev-
els, with an OR of 1.7(95%CI 1.6�1.7). The age-adjusted retired and
unemployed people had a higher obesity and overweight prevalence
than the employed population, with an OR of 1.3(95%CI 1.3�1.3), 1.2
(95%CI 1.2�1.2) for adult males and 1.3(95%CI 1.3�1.4) for adult
females. Higher obesity and overweight prevalence were found
among those who were married with an OR of 1.5 (95% CI 1.4�1.5),
or had physical activity with an OR of 1.2(95%CI 1.2�1.2). The obesity



Fig. 3. Age and gender specific prevalence of underweight, obesity and overweight in adult population in China in 2013 and 2018.
A,B: Age specific prevalence of underweight, obesity and overweight for the adult population in China in 2013 (A) and in 2018 (B).
C,D: Age specific prevalence of underweight, obesity and overweight for male adults in 2013 (C) and in 2018 (D).
E,F: Age specific prevalence of underweight, obesity and overweight for female adults in China in 2013 (E) and in 2018 (F).
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Fig. 4. Factors related to obesity and overweight in Chinese population. A: Factors related to obesity and overweight in total adult population (left), male adult population (middle)
and female adult population (right) in China. B: Factors related to obesity and overweight in children and adolescents (left), boys (middle) and girls (right) in China. Multiple logistic
regression models were used to estimate the association between obesity and overweight with all potentially associated variables for total and sex-specific populations. In the adult
population, the models included geographical regions, urbanization, income quartiles, sex, age, marital status, education, employment, smoking, alcohol drinking and physical activ-
ity. Among children aged 0-5 the models included parental levels of education, employment, smoking, alcohol drinking, and physical activity as well as the family income quartiles,
geographical regions, urbanization. The underweight population were not included in these models. Adjusted Odds ratios (ORs) and 95%CI from logistic regression were presented
with the Forest plot.
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and overweight fathers were related to higher BMI of their children
(OR 1.2; 95% CI,1.02�1.3). We also observed that lower education
level of the fathers was associated with higher prevalence of obesity
and overweight in their children (OR 1.3; 95% CI, 1.1�1.6). Fathers
who reported drinking had children with lower BMI (OR 0.8; 95% CI,
0.7�0.9). Finally, boys whose father smoked had a higher risk of obe-
sity and overweight (OR 1.3; 95% CI, 1.1�1.6), but girls did not.

Based on our survey data, the prevalence of chronic diseases
increased sharply in both male and female population from 2013 to
2018 (Table 2 and appendix 11). Meanwhile, higher prevalence of
chronic diseases was found in obesity and overweight adults com-
pared with normal weight individuals, with an OR of 2.0 (95%CI
2.0�2.0). We observed the highest OR for hypertension (OR 2.5,
95%CI 2.4-2.5), followed by diabetes (OR 1.9, 95%CI 1.9�2¢0) and
ischemia heart diseases (OR 1.6 95%CI 1.5�1.7). The prevalence of
underweight was also associated with certain chronic diseases, i.e.
cancer (OR 2.3, 95%CI 2.0�2.6), COPD (OR 2.0, 95%CI 1.8�2.1) and
gastrointestinal diseases (OR 1.7, 95%CI 1.6�1.8). Relative to those
with normal BMI, liver and gall disease were associate with under-
weight as well as obesity and overweight, especially for male adults,
with an OR of 1.4(95%CI, 1.1�1.6) and 1.3(95%CI, 1.1�1.4) respec-
tively.

4. Discussion

Our two-round survey depicted the most recent changes and
prevalence of BMI categories in the whole population of mainland
China. China has achieved huge economic achievements during
recent years [16], with the unintended consequence that the
prevalence of obesity and overweight increased greatly, by a
mean annual rate of 5.8% from 2013 to 2018. Now consisting of
25.6% of the adult population, obesity and overweight now afflicts
about 350 million adults in China, which is likely to increase by
15.7 million annually if no interventions are implemented. Mean-
while, there remains a population of 92.0 million underweight
population, which we speculate is due to the persistence of mal-
nutrition in some sectors and regions. China is facing a huge dou-
ble burden of malnutrition.

An escalating global epidemic of obesity and overweight is a
severe problem, now involving over 2.1 billion people worldwide
[19]. The direct economic loss associated with obesity and over-
weight is estimated at more than two trillion dollars annually,
accounting for 2.8% of the global gross domestic product (GDP) [26].
About two fifths of the worldwide obese population live in the low-
and middle-income countries (LMICs) and many LMICs have to
face the paradoxically co-existing problems of undernutrition and
obesity [27], both of which proved to have close associations
with increased risk of certain chronic diseases in our survey. For
example, underweight imparted a higher risk of chronic respira-
tory diseases, while obesity and overweight brought a substan-
tially higher risk of hypertension and diabetes. As one of the
largest LMIC, China still has surpassed USA with respect to the
number of obese people worldwide, according to our results [18].
The Healthy China 2030 blueprint called for measures to effec-
tively curb the increased BMI [28]. However, our results suggest
that reaching this goal shall be challenging.



Table 2
Associate between BMI categories and Chronic diseases in adult population.

Disease Total population Male Female

Underweight vs
Health OR (95%CI)

Obesity and
overweight vs
Health OR (95%CI)

Underweight vs
Health OR (95%CI)

Obesity and
overweight vs
Health OR (95%CI)

Underweight vs
Health OR (95%CI)

Obesity and
overweight vs
Health OR (95%CI)

Total 0.8 (0.80.9) 2.0 (2.0-2.0) 0.9 (0.9-0.99) 2.0 (1.9-2.0) 0.8 (0.7-0.8) 1.9 (1.9-2.0)
Hypertension 0.6 (0.5-0.6) 2.5 (2.4-2.5) 0.6 (0.5-0.6) 2.5 (2.4-2.6) 0.5 (0.5-0.5) 2.3 (2.3-2.4)
Diabetes 0.5 (0.5-0.6) 1.9 (1.9-2.0) 0.5 (0.5-0.6) 1.8 (1.8-1.9) 0.5 (0.5-0.6) 1.9 (1.8-2.0)
Ischemic heart
disease

0.9 (0.8-0.96) 1.6 (1.5-1.7) 0.8 (0.7-0.9) 1.7 (1.6-1.8) 0.9 (0.8-1.0) 1.5 (1.4-1.6)

Cerebrovascular
disease

0.9 (0.8-0.9) 1.3 (1.2-1.4) 0.9 (0.8-0.99) 1.3 (1.2-1.4) 0.8 (0.7-0.9) 1.3 (1.2-1.4)

Liver and gall
disease

1.1 (0.96-1.2) 1.2 (1.1-1.3) 1.4 (1.1-1.6) 1.3 (1.1-1.4) 0.9 (0.8-1.1) 1.2 (1.1-1.3)

Chronic respiratory
disease

2.0 (1.8-2.1) 0.9 (0.9-0.99) 2.2 (2.0-2.4) 0.8 (0.7-0.9) 1.7 (1.5-1.9) 1.1 (0.99-1.2)

Cancer 2.3 (2.0-2.6) 0.8 (0.8-0.9) 3.1 (2.6-3.6) 0.6 (0.5-0.8) 1.8 (1.5-2.1) 1.0 (0.9-1.1)
Gastrointestinal
disease

1.7 (1.6-1.8) 0.7 (0.7-0.8) 1.7 (1.5-1.8) 0.7 (0.6-0.7) 1.7 (1.6-1.9) 0.7 (0.7-0.8)

BMI: Body mass index (calculated as weight in kilograms divided by height in meters squared).
Multiple logistic regression models were constructed to explore the association between BMI categories (obesity & overweight vs. health; underweight vs
health) and the total non-communicable disease (NCDs) or each NCD respectively from the pooled data of the two-round survey. The regression models pre-
sented odds ratios (ORs) and 95%CIs with adjustment for geographical regions, urbanization, sex, age, marital status, education, employment, smoking, drink-
ing, physical activity and family income quartiles
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The persistently higher prevalence of obesity and overweight in
urban areas compared to rural areas may be attributed to the urbani-
zation process and urban-rural economic disparity in China, which
was similar to the situation reported in other LMIC [29]. Although a
lower obesity and overweight prevalence was observed in the rural
areas in our study, the rural areas showed a much higher rate of
increase in the interval 2013�2018 than did urban areas. Moreover,
the prevalence of obesity and overweight peaked some 5 years earlier
in rural areas than in urban areas. This phenomenon indicates that
resolution of the problem of subsistence living in rural areas now of
China, which brought an important transformation of lifestyle and
dietary habits. Of particularly, we noticed for the first time a sharp
rise of obesity and overweight prevalence in young adults aged
19�29, which was especially pronounced in rural China. Obesity is a
major risk factor for various chronic diseases. To make matters worse,
excessive weight gain from young to middle adulthood was associ-
ated with increased risks of all-cause mortality [30]. Indeed, adiposity
has long term harmful consequences, which predicts sharp growth of
chronic disease burden and premature death in the future in China.
Although China has made great achievements in eliminating poverty,
we must not ignore the incident health problems such as obesity and
overweight in rural areas. Otherwise, the gains in prosperity enjoyed
by the rural population may be undermined by burgeoning adiposity
and resultant loss of productivity. The catastrophic health expenses
have reportedly increased in rural China in recent years [16]. This
rings the alarm to China as well as other LMICs the emergency to
adopt “primordial prevention” to mitigate against secondary health
burdens due to economic development. Therefore, practical and
effective policies for preventing obesity and overweight should spe-
cifically target young adults in rural China.

Earlier research showed a sharp increase in obesity and over-
weight prevalence among Children and adolescents in China between
the years 1985 and 2010 [31]. This suggests that children and adoles-
cents are especially vulnerable to social transition. We now report a
decrease of BMI categories in children and adolescents aged 0-
18 years old in the interval 2013�2018. This improvement in child-
hood obesity and overweight will likely lead to persistent decrease of
obesity at later adulthood [32]. The recent reduction of BMI in chil-
dren and adolescents may be due to several reasons as follows. First,
family factors, including higher family income and mother’s educa-
tion level, may explain the lower obesity and overweight incidence
in toddlers and pre-schoolers aged 0�5. Second, enforcement of a
physical activities test in schools by the Ministry of Education in
2007 may explain the lower incidence in school aged children [33].
All children in primary and middle school are required to have two
hours of physical activities every day. Third, it may due to the imple-
mentation of Healthy Lunch Programme in China since 2012 by the
State Council of China [34]. Finally, similar to the phenomenon
observed in the USA [35], during the past six years, height increased
more than weight in school aged youth in China, which led to a
decline of BMI value and substantially counteracts the effect of
weight gain. For the present, height gains have apparently buffered
against BMI increase in the young and adolescents, but this may not
hold as the current cohort ages. This remains to be seen, but govern-
ment policy guidance to ensure adequate physical activity and health
food supply at school may be effective interventions for controlling
obesity and overweight for children and adolescents.

Obesity and overweight prevalence varied greatly across provin-
ces. The provinces in North China had a much higher obese and over-
weight prevalence than did provinces in South China, which may be
related to the cold weather and eating habits in the North [36].
Shanghai and Jiangsu on east coast, which are the most economically
developed regions of China, exhibit with much lower obesity and
overweight prevalence as well as a relatively lower rate of increase
from 2013 through 2018, indicating that highly developed local eco-
nomic would enable individuals to eat more healthier foods and get
medical supports. This is similar to the high-income countries, such
as USA, in which a significantly greater prevalence of obesity and
severe obesity in adults are reported in non-metropolitan areas com-
pared with those in metropolitan areas [13]. The finding of significant
regional and socioeconomic inequality in obesity and overweight
prevalence calls for China may need to implement a regionally tai-
lored health policy for preventing obesity and overweight in rural
settings.

Unlike in many other countries [18], the prevalence of obesity and
overweight in female was much lower than that of male adults. This
may due to prevailing ethos that slenderness is an ideal for women
[37]. However, our results showed a more significant increase of obe-
sity and overweight prevalence in female adults than in men. More-
over, female adults with excessive adiposity had a much higher risk
of cancer than males [38], which makes an urgent case for mitigating
against the increasing adiposity in females in China. Compared with
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the results from the Nation Nutrition Survey, the prevalence of obe-
sity was lower in our surveys [10]. There may be several reasons for
that: first, the Nation Nutrition Survey include higher percentage of
urban population, although our study showed higher obesity and
overweight prevalence in urban areas than in rural areas [10]. Sec-
ond, the standardised prevalence of obesity and overweight in adults
varied greatly across different provinces of China. During 2913-2018,
adults in east China had the highest prevalence of obesity and over-
weight, followed by adults in central China. However, the Nation
Nutrition Survey did not adequately cover regions in Northwest
China, where the obesity and overweight prevalence falls below that
of the east and central China [10]. The China National Nutrition Sur-
veys (CNNSs), renamed again in 2010 as China National Nutrition and
Health Surveillance (CNNHS), were conducted by the Chinese Centre
for Disease Control and Prevention in China [39]. The 2010�2013
CNNHS included two surveys: the 2010�2012 CNNHS surveyed
159,101 individuals aged 6 years and above, and the 2013 CNNHS
surveyed 44,097 children aged 0�5 years and women who had chil-
dren aged 0�2 years during the survey period. Finally, 124,787 adults
(aged 18 years or old) had physical examinations and 98,042 fur-
nished a complete dataset [39,40] We acknowledged that the preva-
lence of adult overweight and obesity is lower than according to the
CNNHS using the WHO standard. This may be due to the differences
of study design and sampling frame between these two studies. But
to my understanding, both studies were intended to be nationally
representative. In this regard, the problem of adiposity in China could
likely be underestimated, which further supports our conclusion that
China is indeed facing a severe problem of adiposity. Although the
prevalence of adult obesity and overweight is lower than CNNHS
according to using the WHO standard, another report suggested that
the prevalence of adult obesity and overweight was 45.8% using the
Asian criterion [40], which is comparable to prevalence of obesity
and overweight of 40.0% in our survey in 2013. In our analysis, we
have combined the prevalence of prevalence and obesity together, so
the conclusion in our study would not be affected by this difference
and could also be generalized.

Our study has some limitations. First, this is a cross-sectional
study and the causal relationship between adiposity and a specific
factor must be a matter of speculation. For example, the association
between physical activity and higher obesity and overweight preva-
lence in our study stands in contrast to conventional wisdom [41,42],
This discrepancy may be related to the fact that people tend to start
taking regular exercise when they realized that obesity has greatly
affected their health. While demographic, economic factors would
usually affect the prevalence of obesity and overweight, the converse
was not the case. Thus, the effects of demographic and economic fac-
tors on adiposity would not be influenced by the present cross-sec-
tional design. Second, the Physical Activity Questionnaire in our
survey did not allow to include physical activity in occupational,
household, and transport domains, which are important contributors
to total physical activity in developing countries [43,44]. Third, we
did not survey the information about dietary factors in our study. In
addition, our definition of obesity is based on BMI index, not on
measurements of body fat composition. Although BMI and body fat
generally have high correlation [45]. The temporal changes observed
in BMI may not parallel completely changes in body composition and
associated health risks. We excluded the records with biologically
implausible height, weight and BMI, and those with missing values
for height, weight, gender, or age from the interviewed sample
according to the exclusion criteria recommended in the reference. As
a result, the selection bias might occur due to this procedure even
though the percentage of excluded participants was very low with
3.5% in 2013 and 2.6% in 2018. The prevalence of chronic diseases
was underestimated in our survey because these data collected in
this study were self-reported and could thus be affected by the recall
bias. Moreover, missed diagnosis of NCD, especially in rural areas
with medical care hardly being accessible, may also have led to their
underestimation. The recall bias may also degrade the validity of
health-related behaviors, also leading to underestimation of the con-
tribution of adipose to chronic diseases burden. It is hard to predict
whether the association between the demographic factors and the
prevalence of obesity and overweight would be biased toward or
away from the null effect because, although the very large sample
size in our study may protect against this possibility.

In summary, we report the most recent change of obesity and
overweight prevalence by age, gender and geography which showed
that the prevalence of obesity and overweight was higher among
adults in 2018 than that in 2013, with the largest growth rate in
young adults aged 19�29. These results call for immediate preventive
actions to decrease the potentially alarming impact on the rising NCD
epidemics in China. Our study also showed a reduction of obesity and
overweight prevalence in children and adolescents, which deserves
deeper investigation to understand the reasons and implement early
life preventive strategies.
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