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Purpose: The objective of this study was to forecast the prevalence rates and the popula
tions of overweight and obese in Chinese adults for 2030.
Materials and Methods: Nine waves of China Health and Nutrition Survey (CHNS) data 
from 1991 to 2015 were used. A polynomial regression model was fitted to obtain the 
average BMI change trajectory of the population born in different years according to 
different sexes and residence areas (urban and rural). The model fitted to CHNS 2015 survey 
data was used to forecast the distribution of BMI and the prevalence rates of overweight and 
obesity in 15 years. The United Nations population forecast was then used to predict the 
proportions of overweight obese adults in all age groups in China in 2030.
Results: The prevalence rates of overweight and obesity were projected to increase in both 
sexes and all geographic areas in future. By 2030, urban males will have the highest 
prevalence of overweight, 50.7% (95% CI: 47.5%, 53.9%). Except urban males, the pre
valence of overweight and obesity in rural areas will exceed that in urban for both sexes. In 
2030, the numbers of overweight and obese people in China aged 20–89 years will reach 
540 million and 150 million, respectively, which are 2.8 and 7.5 times higher compared to 
prevalences in 2000. In 2030, the number of overweight and obese people in China aged 
60–89 years will reach 200 million and 40 million, respectively, 6.3 and 8.5 times increments 
from the year 2000.
Conclusion: The prevalence rates of overweight and obese in Chinese adults are projected 
to increase further, by 2030 more than half of adult males living in urban areas will be 
overweight. Combined with changes in the population age structure, overweight and obesity 
will have a huge impact on the health of the Chinese population over the next 15 years.
Keywords: aging, BMI, prediction, population; overweight; obesity

Introduction
Overweight and obesity have become an important public health problem in China.1 

Nationally representative survey data show that their prevalence rates have steadily 
increased in recent decades, although with large disparities between population 
groups.1,2 It is estimated that overweight and obesity caused 34 million deaths 
worldwide in 2010, which constitutes 3.9% of all deaths.3 As the most populous 
country in the world, China’s obese population in 2014 surpassed that of the United 
States, making it the world’s most obese country.3

With the increase of the prevalence of overweight and obesity, obesity-related 
chronic disease (such as hypertension, cardiovascular disease (CVD), type 2 dia
betes, cancer, etc.)3,4 have also increased in the past decade. The incidence of 
hypertension in adults increased from 13.6% in 1991 to 23.2% in 2012 to 2015.5,6 
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And from 1990 to 2017, the prevalence of CVD in China 
rose from 5265.6/100,000 to 6037.0/100,000,7 Diabetes 
rose from 3.7% to 6.6%,8 cancer increased from 494.74/ 
100,000 to 1587.37/100,000.9 The rapid increases in the 
prevalence rates of overweight and obesity and the related 
chronic diseases are likely to have a tremendous impact on 
the health of the Chinese population in the future.

Raised prevalence of overweight and obesity will 
imply increase economic burden for individuals, health- 
care systems, and overall Chinese society.10 Between 2000 
and 2009, the per capita medical expenses caused by over
weight and obesity required an extra 6.18 yuan for a single 
medical event, accounting for 2.46% of personal medical 
expenses in China.11 According to a previous study, the 
total medical expenses caused by overweight and obesity 
were 21.11 billion yuan (approximately US$2.74 billion), 
accounting for 3.7% of the total national medical expenses 
in 2003.12 Overweight and obesity can also reduce labor 
productivity, resulting in many indirect economic losses.13

Forecasting the expansion of the health and economic 
burdens resulting from the increasing prevalence of obe
sity is crucial to effective public health planning. This 
study aimed to predict the future prevalence rates and the 
populations of overweight and obese among Chinese 
adults. These changes are described according to different 
sexes and residence areas (urban and rural), and the age 
structures of overweight and obesity are compared 
between 2000 and 2030.

Materials and Methods
Data Source
Our projection analysis was based on prevalence data from 
the China Health and Nutrition Survey (CHNS). The 
CHNS is a large-scale, longitudinal, household-based sur
vey conducted by the Center for Disease Prevention and 
Control in China and the Population Center of the 
University of North Carolina in the United States.14 The 
CHNS was first performed in 1989 and then subsequently 
in 1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011, and 
2015. The CHNS initially included eight provinces, and 
then seven more provinces were added over the following 
two decades.14,15 A multistage, random-cluster process 
was used to select the sample in each of the surveyed 
provinces.7 Detailed descriptions of the survey design 
and procedures are available elsewhere.14,16 Survey proto
cols and instruments and the process followed for obtain
ing informed consent for the CHNS were approved by the 

institutional review committees of the National Institute of 
Nutrition and Food Safety at the Chinese Centre for 
Disease Control and Prevention and the University of 
North Carolina at Chapel Hill. All participants gave writ
ten informed consent.17 The data accessed from the CHNS 
are freely available (http://www.cpc.unc.edu/projects/ 
china/data/data.html).14

The present study used nine waves of survey data from 
1991 to 2015. We did not include the first wave in 1989 
because this did not collect the data for all age groups. Our 
study focused on adults aged 20–89 years in each 
survey year, and the obtained data provided information 
on age, sex, living area (urban or rural), and detailed 
physical examinations including weight and height. In 
the CHNS survey, weight and height were measured by 
trained health workers in accordance with procedures and 
standards recommended by the World Health Organization 
(WHO). Height was measured to the nearest 0.1 cm with
out shoes using a portable stadiometer and weight was 
measured to the nearest 0.1 kg while wearing lightweight 
clothing using a calibrated beam scale.18 Overweight and 
obesity were defined using WHO recommended body 
mass index (BMI) classifications (overweight defined as 
BMI ≥25, and obesity as BMI ≥30 kg/m2) so that our 
results would be comparable with those from other coun
tries. Pregnant or lactating females were excluded since 
their raised BMI may exaggerate the forecasts for general 
population. Population size estimates for China in 2000 
and 2030 were derived from the United Nations’ World 
Population Prospects: 2017 revision (WPP 2017).

Statistical Analysis
We used parametric polynomial regression model to fit BMI 
curve, this model has been used to forecast the obesity 
epidemic in the Aging US Population.19 Continuous age 
and calendar year as explanatory variables to predict the 
mean population BMI according to age and year. To expli
citly acknowledge the differences in BMI trends by sex and 
urban/rural residence area, we fit separate models for the 
following four demographic subgroups: urban males, urban 
females, rural males, and rural females.

In the process of fitting the polynomial regression 
model, we only added higher-order items when their inclu
sion greatly improved the model determinant coefficient 
(R2 ≥ 5%).19 The final polynomial model used in our study 
was as follows:

BMI ¼ yearþ ageþ age2 þ age� year 
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We used the above model to predict mean BMI values 
for ages from 20 to 89 years in calendar years from 2015 
to 2030. We then simultaneously increased the age 
and year in sequence to track the expected trajectory of 
BMI means for each birth cohort as they age. For example, 
for a cohort born in 1960, we obtained their mean BMI 
values at an age of 30 years in 1990, 31 years in 1991, and 
so forth. These trajectories represent our predictions of 
age-related BMI changes, and each trajectory was used 
to calculate the annual variation of the average BMI.

In order to predict the BMI distribution among Chinese 
adults aged 20–89 years in 2030, we projected 15-year 
changes in the BMI for the CHNS 2015 data. We matched 
the derived annual variation change of the average BMI to 
each individual in 2015 by sex, age, urban/rural residence 
area, and birth year, and projected their BMI 15 years 
forward. Since there may be bias in predicting the trajec
tory of BMI changes in adolescents, this study assumed 
that the BMI distribution among those aged 20–35 years in 
2030 will be consistent with that in 2015.

Based on the past BMI distributions and the predicted 
BMI distribution in 2030, this study described the trend of 
the BMI distribution in China from 1991 to 2030, and the 
prevalence rates of overweight and obesity for adults aged 
20–89 years in China. The age-specific prevalence rates of 
overweight and obesity in 2000 and 2030 were extracted 
and applied to the Chinese population of different ages in 
2000 and 2030. We chose 2000 for comparison because 
both CHNS data and WPP 2017 data include the year 
2000, and it also provides a long enough time for compar
ison. Bootstrap method was used to obtain 95% 
Confidence Interval (95% CI). The population pyramid 

was used to visually display the numbers of overweight 
and obese people in 2000 and 2030. In this study, the 
prevalence rates of overweight and obesity were weighted 
according to the national census in 2010.

All analyses were performed using R software (ver
sion 3.6.0).

Results
Prevalence Rates of Overweight and 
Obesity Among Chinese Adults from 
2000 to 2015
Between 1991 and 2015, the prevalence rates of over
weight and obesity increased in both sexes and all geo
graphic areas. In 1991, the prevalence rates of overweight 
and obesity in China were 13.9% (95% CI: 13.2%, 14.6%) 
and 1.4% (95% CI: 1.1%, 1.6%), respectively; the corre
sponding values in 2015 were 34.9% (95% CI: 34.1%, 
35.8%) and 7.1% (95% CI: 6.6%, 7.6%). Males living in 
urban areas had the highest prevalence of overweight, at 
42.5% (95% CI: 39.9%, 45.4%), while males living in 
rural areas saw the largest relative increase in the preva
lence of overweight. The increase among female subjects 
was greater among those living in rural areas (Table 1).

Forecasting Prevalence Rates of 
Overweight and Obesity in Chinese 
Adults
Figure 1 shows the distribution of BMI of Chinese adults 
in the past and the predicted distribution of BMI in 2030. 
Regardless of males and females, urban and rural areas, 
the overall distribution of Chinese adult BMI shifts to the 

Table 1 Prevalence of Overweight and Obesity in Chinese Adults from 1991 to 2015

Men Women (%) Total (%)

1991 
Rate (95% CI)

2015 
Rate (95% CI)

1991 
Rate (95% CI)

2015 
Rate (95% CI)

1991 
Rate (95% CI)

2015 
Rate (95% CI)

Urban
Overweight 14.1(12.1,16) 42.5(39.9,45.4) 19.5(17.8,21.2) 29.3(27.9,30.8) 17.8(16.4,19.2) 33.5(32,34.9)

Obesity 0.7(0.3,1.3) 6.1(4.7,7.7) 2.0(1.4,2.9) 4.9(4.1,5.7) 1.5(1.1,2) 5.4(4.7,6.1)

Rural
Overweight 9.0(7.8,10.2) 39.1(37.3,41) 13.6(12.6,14.6) 33.8(32.5,35) 12.0(11.3,12.7) 35.5(34.4,36.6)

Obesity 0.8(0.5,1.2) 8.5(7.3,9.6) 1.6(1.2,2.1) 7.3(6.5,8.1) 1.3(1,1.6) 7.9(7.3,8.7)

Total
Overweight 10.6(9.7,11.6) 40.5(38.8,41.9) 15.5(14.6,16.3) 32.3(31.4,33.3) 13.9(13.2,14.6) 34.9(34.1,35.8)
Obesity 0.8(0.5,1.1) 7.8(6.9,8.9) 1.7(1.4,2.1) 6.5(5.9,7.1) 1.4(1.1,1.6) 7.1(6.6,7.6)

Note: Prevalence was weighted according to the national census in 2010.
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right, that is, the median BMI increases as time goes on. 
While the lower part of BMI distribution among Chinese 
adults is predicted to show a decrease, the upper part of 
BMI distribution is predicted to show a large increase from 
1991 to 2030 in both the urban/rural and sex subgroups.

As showed in Figure 2, in 2000, female living in urban 
have the highest prevalence of overweight and obesity in 
26.7% (95% CI: 25.2%,27.9%) and 2.7% (95% CI: 2.2%, 
3.3%), respectively. The lowest prevalence of overweight 
and obesity was found in males living in rural in 18.9% 
(95% CI: 17.5%, 20.4%) and 1.8% (95% CI: 1.3%, 2.3%), 
respectively. It is estimated that by 2030, the prevalence of 
overweight and obesity will increase for both men and 
women, urban and rural areas. The highest projected 

prevalence of overweight was found in males living in 
urban areas at 50.7% (95% CI: 47.5%, 53.9%) in 2030. 
And the highest projected prevalence of obesity was found 
in males living in rural areas at 15.9% (95% CI: 14.3%, 
17.6%) in 2030. Females living in urban area have the 
lowest projected prevalence of overweight and obesity in 
34.4% (95% CI: 32.2%, 36.8%) and 6.9% (95% CI: 5.7%, 
8.3%), respectively.

From 2000 to 2015, the highest increase of overweight and 
obesity was fund in males living in rural, which increased from 
18.9% (95% CI: 17.3%, 20.5%) to 39.1% (95% CI: 37.4%, 
40.9%) and 1.8% (95% CI: 1.3%, 2.3%) to 8.5% (95% CI: 
7.3%, 9.8%), respectively. The lowest increase of overweight 
and obesity was fund in females living in urban, which 

Figure 1 Shifts in BMI distribution among Chinese adults between 1991 and 2030.
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increased from 26.7% (95% CI: 25.5%, 28.0%) to 29.3% 
(95% CI: 27.8%, 31.1%) and 2.7% (95% CI: 2.1%, 3.3%) to 
4.9% (95% CI: 4.1%, 5.7%), respectively.

From 2015 to 2030, males living in rural were pro
jected to have the highest increase of overweight, which 

increased from 39.1% (95% CI: 37.4%, 40.9%) to 47.6% 
(95% CI: 45.6%, 49.8%). Males living in urban were 
projected to have the highest increase of obesity, which 
increased from 6.1% (95% CI: 4.9%, 7.8%) to 13.8% 
(95% CI: 11.5%, 16.3%). Females living in urban still 

Figure 2 Current and projected prevalence of overweight and obesity for the years of 1991, 2000, 2015 and 2030.
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have lowest increase of the prevlence of overweight and 
obesity, which increased from 29.3% (95% CI: 27.8%, 
31.1%) to 34.4% (95% CI: 32.3%, 36.6%) and 4.9% 
(95% CI: 4.1%, 5.7%) to 6.9% (95% CI: 5.7%, 8.3%), 
respectively.

It is worth noting that in 1991 and 2000, the prevalence 
of overweight and obesity in urban China was higher than 
that in rural areas for both men and women, but after 2015, 
except males living in urban area, the prevalence of over
weight and obesity in rural areas exceeded that in urban 
areas for both sexes.

Forecasting the Populations of 
Overweight and Obese Chinese Adults
In 2000, the overweight and obese populations in China 
aged from 20 to 89 years were 190 million and 20 million, 
respectively, and it is estimated that by 2030 they will 
reach 540 million and 150 million. By 2030, the over
weight population aged 20–89 years in China will be 2.8 
times larger than that in 2000, while the obese population 
will be 7.5 times larger.

Compared with 2010, the populations of overweight 
and obesity adults will increase in all groups in 2030 with 
the exception of females aged 20–29 years. In 2000, the 
overweight and obese populations were largest among 
those aged 30–49 years, while in 2030 they will be largest 
among those aged 40–69 years. The populations of over
weight and obesity adults older than 60 years have 
increased significantly. It is estimated that by 2030, the 
numbers of elderly overweight and obesity patients will 
reach 200 million and 40 million, respectively, represent
ing increases of 6.3 and 8.5 times compared with 2000. 
These increases are substantially larger than the average 
population increase across all adults (Figure 3).

Discussion
This study reveals that the prevalence rates of overweight 
and obesity among Chinese adults have increased over the 
past 20 years. If the past trends continue, more than half of 
urban males will be overweight by 2030. The increasing 
overweight and obese populations and especially their 
rapid growth among the elderly will greatly increase the 
burden on health-care services related to overweight- and 
obesity-related diseases.

Obesity is an abnormal or excessive accumulation of fat 
that may damage health.20 The rapid developments of 
China’s economy and society over the past 2 decades have 

significantly increased household incomes, resulting in larger 
amounts of high-fat and high-energy food being 
consumed.2,21–23 At the same time, technological advances 
have reduced physical activity, and so the increased intake 
and decreased energy expenditure in both working and pri
vate lives have together contributed to the increases of the 
prevalence rates of overweight and obesity in China.2,22,24

The prevalence of overweight and obesity in China has 
exceeded that of many Asian countries.25 Although in terms of 
prevalence, the prevalence of overweight and obesity in China 
is lower than that of countries with high prevalence of over
weight and obesity such as the United States,26 considering the 
huge population base, the number of overweight and obese 
population in China is huge. Since 2014, China has surpassed 
the United States to become the country with the largest 
number of obese people around the world.3 What is particu
larly worrying is that by 2030, the prevalence of overweight 
and obesity in China, whether in urban or rural areas, both men 
and women, will further increase, and more than half of urban 
males will be overweight. Previous study has shown that in 
2030 the global prevalence of overweight adults is 38%, and 
obesity is 20%.27 Based on this results, except for urban 
women, the prevalence of overweight in urban and rural men 
and rural women in China will exceed the world average level 
in 2030. As the prevalence of overweight and obesity 
increases, overweight and obesity-related chronic diseases 
will also increase.20 In the past few decades, China’s mortality 
and morbidity have undergone tremendous changes, espe
cially the reduction of infectious diseases and the increase of 
obesity-related chronic diseases (such as hypertension, CVD 
and type 2 diabetes).2,28 National programs and strategies are 
urgently needed in China to face the challenges of the growing 
obesity and chronic disease epidemic.

The prevalence rates of overweight and obesity have 
increased more among rural than urban residents, with the 
exception of overweight among urban males. The lower 
prevalence rates of overweight and obesity in rural areas 
in the past may be attributed to the higher energy consump
tion of rural residents in their daily lives, especially in 
relation to agricultural activities.2,21 The lower prevalence 
rates may also be due to their lower household incomes 
restricting their expenditure on food.23,29 The advance
ments of the rural infrastructure, improved water conser
vancy, improved traffic mobility, and electrification in 
recent years have all contributed to reducing the energy 
consumption of laborers, and meanwhile the increased 
incomes of rural residents have increased their food con
sumption, which all contribute to weight gain.29,30 In the 
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United States, due to less leisure-time physical activity, 
lower intake of fiber and fruits and higher intake of swee
tened beverages, the odds of being obese among rural adults 
were 1.19 times higher than that among urban adults.31 In 
recent years, the rural population in China has found the 
same phenomenon. In 2015, the prevalence of obesity in 
rural men and women exceeded that in urban areas, and this 
phenomenon is not expected to change in 2030. Although 
China has made great achievements in poverty eradication, 
we must not ignore the problem of overweight and obesity 
in rural areas. Otherwise, the growth of overweight and 
obesity and the resulting loss of productivity may damage 
the prosperity enjoyed by the rural population. Effective 

and practical policies are needed for preventing obesity and 
overweight in rural China. The present study found that the 
increases in the rates of overweight and obesity were smal
lest among urban females. This may because urban females 
usually have more family responsibilities, which consume 
more energy, and also pay more attention to their own 
physical health.2

The results of this study show that by 2030, while the 
prevalence rates of overweight and obesity in China are 
increasing, this will be even more significant among the 
elderly. It can be predicted that overweight and obesity will 
have a huge impact on the health of the Chinese population in 
the future. The increasing age of the elderly is associated with 

Figure 3 Population pyramid and BMI distribution for people age 20–89 by gender for 2000 and 2030.
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the function of various organs gradually declining, and their 
risk of disease is significantly higher than in other age 
groups.32–34 Accompanied by diseases related to being over
weight and obese, such as cardiovascular diseases, diabetes, 
cancer, musculoskeletal diseases, and chronic kidney dis
ease, the elderly will face greater risks of chronic diseases 
that increase their risk of death.22 In addition, the relatively 
low income of the elderly will mean that the economic 
burden on society will increase, and their quality of life will 
be affected.32 The huge numbers of overweight and obese 
adults and the aging of the China society together mean that 
overweight and obesity will pose a huge potential challenge 
to China’s health-care system. Advance preparations are 
needed to confront this challenge and attempt to halt the 
growing problem of overweight and obesity.

Considering the special economic, cultural, social and 
contextual factors in China, the following strategies and 
programs were recommended. First, inter-departmental 
cooperation in obesity prevention should be strengthened 
with the support by the central and local governments. 
Integrate obesity prevention into multi-sectoral policies 
and daily work. Secondly, professional institutions should 
play an important role in obesity prevention. Obesity pre
vention agencies need to carry out obesity-related health 
education and promote healthy lifestyle at the whole popu
lation level. Thirdly, promote families and individuals to 
participate in obesity prevention. In addition, it is vital to 
develop and strengthen national plans for screening for 
hypertension, type 2 diabetes and dyslipidemia, and pro
vide patients with timely and affordable treatment.35,36

This study was subject to some limitations. First, it was 
assumed that the BMI distribution among those aged 20–35 
years in 2030 will be consistent with that in 2015 in order to 
avoid bias in predicting the trajectory of BMI changes in 
adolescents. Considering the increasing trends of the pre
valence rates of overweight and obesity in Chinese 
children,37,38 we might have underestimated the prevalence. 
Second, we did not predict the overweight and obese popu
lations in China’s urban and rural areas since the United 
Nations does not distinguish between urban and rural popu
lations in their population forecasts for China. Third, beside 
the WHO standard of overweight and obesity, there is 
another standard recommend used in China (BMI of 24.0 
to 27.9 as overweight, and 28.0 and above as obese). If 
using this standard, the prevalence and population of obe
sity would be underestimated in our study. Finally, although 
BMI provides the most useful population-level measure of 
overweight and obesity and was widely used, BMI is less 

accurate for assessing healthy weight in some groups of 
people because it does not distinguish between the propor
tion of weight due to fat or muscle.40

Conclusion
In summary, the prevalence of overweight and obesity has 
increased steadily among all Chinese population groups over 
the past nearly two decades. If the current trend continues, 
more than half of Chinese males living in urban areas are 
expected to be overweight by 2030. With the exception of 
overweight among urban males, the prevalence of over
weight and obesity in rural China has surpassed that in 
urban areas. Therefore, more attention should be taken to 
control the rapid rise of obesity among rural residents. The 
huge numbers of overweight and obese adults combine with 
the aging of the China society will pose a huge potential 
challenge to China’s health-care system. These results may 
provide theoretical support for the rational allocation of 
health resources and for controlling the prevalence rates of 
overweight and obesity in the future.
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