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Secular trend and projection of overweight and obesity among Chinese
children and adolescents aged 7-18 years from 1985 to 2019: Rural
areas are becoming the focus of investment
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Abstract

Background: The urban-rural disparities in overweight and obesity among children and adolescents are narrowing, and th@
a need for long-term and updated data to explain this inequality, understand the underlying mechanisms, and identify priority
groups for interventions.

Methods: We analyzed data from seven rounds of the Chinese National Survey on Students Constitution and Health (CNSSCH)
conducted from 1985 to 2019, focusing on school-age children and adolescents aged 7-18 years. Joinpoint regression was used
to identify inflection points (indicating a change in the trend) in the prevalence of overweight and obesity during the study
period, stratified by urban/rural areas and sex. Annual percent change (APC), average annual percent change (AAPC), and 95%
confidence interval (CI) were used to describe changes in the prevalence of overweight and obesity. Polynomial regression models
were used to predict the prevalence of overweight and obesity among children and adolescents in 2025 and 2030, considering
urban/rural areas, sex, and age groups.

Results: The prevalence of overweight and obesity in urban boys and girls showed an inflection point of 2000, with AAPC values
of 10.09% (95% CI: 7.33-12.92%, t = 7.414, P <0.001) and 8.67% (95% CI: 6.10-11.30%, t = 6.809, P <0.001), respectively.
The APC for urban boys decreased from 18.31% (95% CI: 4.72-33.67%,t = 5.926, P = 0.027) to 4.01% (95% CI: 1.33-6.75%,
t = 6.486, P = 0.023), while the APC for urban girls decreased from 13.88% (95% CI: 1.82-27.38%, ¢t = 4.994, P = 0.038) to
4.72% (95% CI: 1.43-8.12%, ¢t = 6.215, P = 0.025). However, no inflection points were observed in the best-fit models for rural
boys and girls during the period 1985-2019. The prevalence of overweight and obesity for both urban and rural boys is expected
to converge at 35.76% by approximately 2027. A similar pattern is observed for urban and rural girls, with a prevalence of
overweight and obesity reaching 20.86% in 2025.

Conclusions: The prevalence of overweight and obesity among Chinese children and adolescents has been steadily increasing from
1985 to 2019. A complete reversal in urban—rural prevalence is expected by 2027, with a higher prevalence of overweight and
obesity in rural areas. Urgent action is needed to address health inequities and increase investments, particularly policies targeting
rural children and adolescents.

Keywords: Children and adolescents; Overweight; Obesity; Urban—rural inequality; Prevalence; Prediction

Introduction endorsed “no increase in childhood overweight by 2025”
as one of the six global nutritional goals.!®! However, thus
far, no country has managed to achieve a reduction in
obesity prevalence across their entire population.!*]

Childhood and adolescent overweight and obesity have
undergone a rapid and substantial increase in recent dec-
ades, posing a significant global public health concern.!'~3!
The global prevalence of obesity increased to 10% for boys
and 8% for girls in 2020,*! which has enormous negative
impact on health outcomes of individuals with obesity
and great economic burdens for societies.””! In view of the
global emergency caused by childhood obesity, the mem-
ber states of the World Health Organization (WHO) have

Given the escalating prevalence of overweight and obesity
among children and adolescents aged 7-18 years, it soared
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from 5.3% in 1995 to 24.2% in 2019 and affected almost
a quarter of children and adolescents in China.”! China has
become the country with the largest number of children and
adolescents suffering from overweight and obesity in the
world.*#! Research has indicated potential variations in the
patterns of urban—rural disparities in the nutritional status
of children and adolescents across developed and develop-
ing countries.” !l Most developing countries, including
China, are witnessing a trend of diminishing urban-rural
gaps in overweight and obesity, and some regions in China,
particularly those experiencing rapid economic growth,
even exhibit a phenomenon known as “urban-rural rever-
sal”.1>714 Building upon these findings, it is essential to
develop targeted interventions for overweight and obesity
in China and other low- and middle-income countries
undergoing rapid economic and social transformations.!!’!

Hence, based on the 1985-2019 survey data of the
Chinese National Survey on Students Constitution and
Health (CNSSCH), the largest nationally representative
sample of school-aged children and adolescents in China,
we aimed to assess the evolving trends and provide future
projections regarding the prevalence of overweight and
obesity among children and adolescents aged 7-18 years.
Moreover, we sought to identify specific target popula-
tions for intervention strategies.

Methods

Data sources

Data were extracted from CNSSCH in 1985, 1995,
2000, 2004,2010, 2014, and 2019. The study exclusively
included Han Chinese children and adolescents aged
7-18 years from 30 provinces, autonomous regions, and
municipalities in China (Excluding Hong Kong, Macao,
Taiwan, and Xizang). Among them, there were no data
for Hainan and Chongqing in 1985 and no data for
Qinghai and Chongging in 1995. Chongqing was not a
municipality until 1997 and did not participate in the
survey before. In this study, the sample sizes for the years
1985, 1995, 2000, 2005, 2010, 2014, and 2019 were
409,946, 204,932, 216,334, 234,421, 215,319, 214,354,
and 212,713, respectively. Informed consent was obtained
from the participants and their guardians. This study was
approved by the Peking University Biomedical Ethics
Committee (No. IRB00001052-19095).

Overweight and obesity measurement and definition

Height and weight measurements were conducted fol-
lowing standardized protocols, administered by trained
personnel and subjected to stringent quality control
measures under the supervision of research supervisors.
According to the International Obesity Task Force (IOTF)
criteria, overweight was defined as body mass index
(BMI) >85th percentile and obesity was defined as BMI
>95th percentile for sex- and age-specific groups!'®l. We
employed the IOTF growth curve criteria as a steady
benchmark to guarantee the comparability of our data
through the 34-year timeframe of our research. This
standardized measure allows us to track overweight and
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obesity trends in China over time with better accuracy, as
it reduces inconsistencies that might arise from shifting
diagnostic criteria across different periods.

Statistical analysis

To identify priority target groups, the study categorized
children and adolescents into four groups based on
urban/rural areas and sex: urban boys, urban girls, rural
boys, and rural girls. Furthermore, considering the age
intervals and corresponding school stages, children and
adolescents between the ages of 7 years and 18 years were
divided into four groups: 7-9 years, 10-12 years, 13-15
years, and 16-18 years. The Mantel-Haenszel trend test
was used to calculate the P values for trend values by
different groups.

Joinpoint regression analysis was performed using Join-
point software version 4.8.0, developed by the Division
of Cancer Control and Population Sciences at the US
National Cancer Institute.!”! This involved constructing
piecewise regression models based on the temporal pat-
terns of overweight and obesity distribution, utilizing
log-linear models within the Joinpoint regression frame-
work. Monte Carlo permutation tests were employed to
determine the statistically significant number of joinpoints,
identifying the optimal fitting model. The joinpoints’
positions within the optimal model delineated inflection
points in the long-term trends of the indicators. The key
outcome measures derived from the Joinpoint regression
model were the annual percent change (APC), average
annual percent change (AAPC), and their corresponding
95% confidence intervals (CIs). The APC represented the
average annual percentage change in overweight and obe-
sity within different segments, while the AAPC indicated
the overall average percent change in the trend of over-
weight and obesity over time. The APC was employed to
assess the trend within each segment of a specific time
period when inflection points were present. In contrast,
the AAPC served as an indicator of the trend spanning
a fixed interval, regardless of the existence of inflection
points. In the absence of an inflection point, the APC and
AAPC values would indeed be equivalent.

Polynomial regression models were used with year as the
independent variable and the prevalence of overweight
and obesity as the dependent variables to analyze the
trends from 1985 to 2019. The models were used to pre-
dict the prevalence of overweight and obesity for children
and adolescents in different subgroups (urban/rural areas,
sex, and age groups) for the years 2025 and 2030. Apart
from the Joinpoint regression analysis, all other analyses
were conducted using R version 4.2.0 (R Development
Core Team, Vienna, Austria). Two-sided tests were used
with a significance level of o = 0.05.

A sensitivity analysis was conducted to assess the accu-
racy and reliability of screening for overweight and
obesity utilizing an alternative definition outlined by the
National Health Commission of China in 2018."3 This
analysis aimed to examine the impact of the prevalence
and projection of overweight and obesity using different
criteria in the study population.
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Results

Sociodemographic characteristics of children and
adolescents

The study included a total of 1,708,019 children and
adolescents from 1985 to 2019. The sample distribution
across urban/rural areas, sex, and age groups was rela-
tively balanced in each year. Over the study period, the
prevalence of overweight and obesity among children
and adolescents aged 7-18 years in China exhibited a
substantial increase. The prevalence of overweight and
obesity rose from 0.69% (2825/409,946) to 20.45%
(43,500/212,713), representing a 28.68-fold increase. In
terms of obesity alone (excluding overweight), the prev-
alence increased from 0.03% (133/409,946) to 5.03%
(10,696/212,713), which translates to a staggering
153.99-fold increase [Table 1].

Secular trends of overweight and obesity

The results of the Joinpoint regression analysis revealed
that the AAPC for the prevalence of overweight and obe-
sity among Chinese children and adolescents was 10.25%
(95% CI: 7.30-13.27%, ¢t = 7.064, P <0.001) from 1985
to 2019 [Figure 1A]. During this period, its best-fit model
had an inflection point in 2000, indicating a change in
the trend. The APC for the prevalence of overweight and
obesity was 15.96% (95% CI: 1.93-31.93%, t = 4.941,
P = 0.039) from 1985 to 2000, and the upward trend
slowed down after 2000, with an APC of 5.94% (95% CI:
2.73-9.24%, ¢t = 8.084, P = 0.015). Similar to the overall
population, both boys and girls in urban areas exhibited
an inflection point in 2000, and the AAPC was 10.09%
(95% CI: 7.33-12.92%,t = 7.414, P <0.001) and 8.67%
(95% CI: 6.10-11.30%, t = 6.809, P <0.001), respec-
tively. Similarly, the APC values decreased after 2000,
with urban boys having an APC of 4.01% (95% CI:
1.33-6.75%,t = 6.486, P = 0.023) and urban girls having
an APC of 4.72% (95% CI: 1.43-8.12%,t = 6.215, P =
0.025) compared to the initial APCs of 18.31% (95% CI:
4.72-33.67%,t = 5.926, P = 0.027) and 13.88% (95%
CI: 1.82-27.38%, t = 4.994, P = 0.038), respectively. In
contrast, no inflection points were observed for rural boys
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and rural girls between 1985 and 2019. The AAPC for
overweight and obesity prevalence among rural boys was
10.17% (95% CI: 7.29-13.13%, ¢t = 9.404, P <0.001),
and for rural girls, it was 9.17% (95% CI: 8.14-10.20%,
t=23.893, P <0.001).

As depicted in Figure 1B, the AAPC for obesity preva-
lence in children and adolescents was 14.74% (95% CI:
8.34-21.52%, t = 4.697, P <0.001). During this period,
its best-fit model identified an inflection point of 2000.
Between 1985 and 2000, the APC for the prevalence of
obesity was 23.48% (95% CI: -6.84 to 63.65%, t =
3.221, P = 0.084). However, after 2000, the rate of
increase slowed down, with an APC of 8.29% (95%
ClL: 4.35-12.37%, t = 9.251, P = 0.011). Similar to the
overall population, urban boys had an inflection point of
2000, with an AAPC of 14.05% (95% CI: 9.83-18.43%,
t=6.839, P <0.001), and a decline in APC from 25.00%
(95% CI: 3.90-50.40%, ¢t = 5.191, P = 0.0335) to 6.09%
(95% CI: 3.56-8.67%, t = 10.541, P = 0.009). In con-
trast, no inflection points were observed in the best-fit
models for urban girls, rural boys, and rural girls. The
AAPCs for obesity prevalence in these groups were 8.48%
(95% CI: 5.45-11.60%, t = 7.375, P <0.001), 12.68%
(95% CI: 9.86-15.56%, ¢t = 12.135, P <0.001), and
12.31% (95% CI: 9.48-15.21%, t = 11.689, P <0.001),
respectively, for the entire period of 1985-2019.

Our findings indicated that the prevalence of overweight
and obesity demonstrated an inflection point roughly
around the year 2000 in 3 age groups, including 6-9
years, 10-12 years, and 13-15 years. However, when
considering the prevalence of obesity alone, an inflection
point was featured exclusively within the span of adoles-
cents aged 10-12 years [Supplementary Figure 1, http://
links.lww.com/CM9/C2].

Prajection of overweight and obesity

From 1985 to 2019, the prevalence of overweight and
obesity increased significantly among urban boys, urban
girls, rural boys, and rural girls. In 1985, the prevalence
rates were 0.91%, 0.90%, 0.25%, and 0.70%, respec-
tively. By 2019, these rates had risen to 27.54%, 16.78%,

Table 1: Characteristics of children and adolescents in each survey.

1985 1995 2000 2005 2010 2014 2019
Parameters (n = 409,946) (n = 204,932) (n = 216,334) (n=234,421) (n=215,319) (n = 214,354) (n=212,713) Ve P-trend
Urban/rural area 0.147  0.702
Urban 204,727 (49.94) 103,741 (50.62) 108,673 (50.23) 117,997 (50.34) 107,574 (49.96) 107,239 (50.03) 106,706 (50.16)
Rural 205,219 (50.06) 101,191 (49.38) 107,661 (49.77) 116,424 (49.66) 107,745 (50.04) 107,115 (49.97) 106,007 (49.84)
Sex 0.045  0.833
Boys 205,100 (50.03) 103,102 (50.31) 108,147 (49.99) 117,680 (50.20) 107,687 (50.01) 107,216 (50.02) 106,703 (50.16)
Girls 204,846 (49.97) 101,830 (49.69) 108,187 (50.01) 116,741 (49.80) 107,632 (49.99) 107,138 (49.98) 106,010 (49.84)
Age groups (years) 19.611 <0.001
7-9 102,678 (25.05) 49,148 (23.98) 54,150 (25.03) 58,111 (24.79) 53,837 (25.00) 53,702 (25.05) 53,916 (25.35)
10-12 102,715 (25.06) 52,259 (25.50) 54,275 (25.09) 58,478 (24.95) 53,904 (25.03) 53,771 (25.09) 53,937 (25.36)
13-15 102,695 (25.05) 51,953 (25.35) 53,833 (24.88) 58,466 (24.94) 53,863 (25.02) 53,861 (25.13) 53,310 (25.06)
16-18 101,858 (24.85) 51,572 (25.17) 54,076 (25.00) 59,366 (25.32) 53,715 (24.95) 53,020 (24.73) 51,550 (24.23)
Overweight and obesity 2825 (0.69) 7534 (3.68) 14,693 (6.79) 21,932 (9.36) 25,382 (11.79) 36,493 (17.02) 43,500 (20.45) 92459.798 <0.001
Obesity 133 (0.03) 938 (0.46) 2454 (1.13) 3889 (1.66) 4744 (2.20) 7823 (3.65) 10,696 (5.03) 23765.951 <0.001

Data are represented as 7 (%).
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Figure 1: Joinpoint regression analysis on prevalence of overweight and obesity (A), obesity alone (B) among children and adolescents aged 7—18 years in China from 1985 to 2019, by
urban/rural areas and sex. “Indicates that the APC is significantly different from zero at the alpha = 0.05 level. APC: Annual percent change.

22.40%, and 14.98 %, respectively, marking a substantial
increase over the span of 34 years. The prevalence rates
in 2019 were 29.40 times, 17.68 times, 88.47 times,
and 20.31 times higher than the rates in 1985 for urban
boys, urban girls, rural boys, and rural girls, respectively.
Likewise, the prevalence of obesity also demonstrated a
considerable rise. In 1985, the obesity prevalence rates
were 0.06%, 0.04%, 0.01%, and 0.02% for urban boys,
urban girls, rural boys, and rural girls, respectively. By
2019, these rates had increased to 7.69%, 3.16%, 6.38%,
and 2.85%, indicating increases of 128.09 times, 76.00
times, 502.59 times, and 171.02 times over the 34-year
period, respectively [Figure 2].

Using a polynomial regression function prediction model,
it was projected that the prevalence of overweight and
obesity among children and adolescents would continue
to rise. By 2025 and 2030, the prevalence of overweight
and obesity is estimated to reach 26.88% and 32.67%,
respectively, with the prevalence of obesity reaching
6.89% in 2025 and 8.78% in 2030. The prevalence of
overweight and obesity for urban and rural boys is pro-
jected to reach the same level of 35.76 % approximately in
2027, after which the rural boys will overtake the urban
boys. Furthermore, it is estimated that by 2030, the prev-
alence of overweight and obesity in urban boys and rural
boys will reach 38.43% and 40.82%, respectively, and
the prevalence of obesity will reach 12.36% and 12.19%,
respectively. Similar trends can be observed among girls
in urban and rural areas. The prevalence of overweight
and obesity is projected to reach the same level (20.86%)
by 2025, with the prevalence of obesity reaching the same
level (4.86%) approximately in 2028, after which rural
girls will surpass urban girls. By 2030, it is estimated that
the prevalence of overweight and obesity among urban
girls and rural girls will be 24.61% and 26.76 %, respec-
tively. The prevalence of obesity is expected to reach
5.23% among urban girls and 5.32% among rural girls.

From 2014 to 2019, there was a slight decrease in the
prevalence of overweight and obesity among urban boys
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Figure 2: Prevalence and projection of overweight and obesity (A), obesity alone (B)
among children and adolescents aged 7—18 years in China from 1985 to 2019, by urban/
rural areas, and sex. Dotted line indicates the year in which the same prevalence reached.

and girls aged 7-9 years old. The prevalence of obesity
among urban girls followed a similar pattern [Figure 3].
Among children and adolescents aged 10-12 years, they
were the main contributors to the high prevalence of
overweight and obesity between 1985 and 2019. In terms
of obesity, the main contributing group shifted from
children and adolescents aged 6-9 years to 10-12 years
among urban boys and girls in 2019. However, among
rural boys and girls, the main contributor group remained
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Figure 3: Prevalence and projection of overweight and obesity (A), obesity alone (B)
among children and adolescents aged 7—18 years in China from 1985 to 2019, by urban/
rural areas, sex, and age groups.

7-9 years old. This indicates that the gap in the prevalence
of obesity between different age groups will gradually
widen. The prevalence of overweight and obesity was
found to be similar by using both the IOTF criteria and
Chinese criteria. However, the prevalence of obesity was
much lower when using the IOTF criteria compared with
the Chinese criteria, but with similar projection patterns
[Supplementary Figure 2, http:/links.lww.com/CM9/C2].

Discussion

This study observed a continuous increase in the prev-
alence of overweight and obesity among children and
adolescents from 1985 to 2019. Notably, there was an
inflection point in 2000, after which the growth rate of
overweight and obesity slowed down. Moreover, from
2014 to 2019, there was a slight decline in the prevalence
of overweight and obesity among urban boys and girls
aged 7-9 years. Projections indicate that the prevalence
of overweight and obesity among rural children and
adolescents will surpass that of their urban counterparts
by 2027, marking a reversal in the trend. It is worth
noting that the prevalence of overweight and obesity was
more concentrated among children and adolescents in
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the younger age group, and those aged 10-12 years have
emerged as a new focal point of concern.

The prevalence of overweight and obesity among Chinese
children and adolescents is currently experiencing a rapid
and continuous increase. These findings are in line with
previous studies!'*!5! and have been extended to encom-
pass a nationally representative sample in 2019. The rapid
growth of childhood obesity has long-term consequences,
as it contributes to a cumulative population of obesity
in adulthood. This, in turn, has significant implications
for population health, human capital, and the healthcare
burden in China. It was estimated that the losses due to
overweight and obesity in China would reach 1.9-3.1%
of the gross domestic product from 2020 to 2035.["%
Additionally, the issue of overweight and obesity appears
to have been further exacerbated by the impact of the
coronavirus disease 2019 (COVID-19) pandemic and
the subsequent national lockdown.!?*?3! While China
has implemented a series of new policies to prevent and
control childhood and adolescent obesity since 2014, it
is crucial to urgently validate the effectiveness of their
implementation through the generation of new datasets
and further studies.

The present study found that the APC in the prevalence
of overweight and obesity among urban boys and girls in
China started to slow down in 2000. The identified inflec-
tion point shows a slowdown in the spread of overweight
and obesity issues and chronic public health challenges,
potentially influenced by pivotal events or policy execution
in certain years. This observation in urban areas served
as an indication of the possible effectiveness of policies
that were rolled out around the year 2000, such as the
notice of “Further Strengthening the Management of the
Prevention and Control of Common Diseases among
Students in 19997, the “Chinese National Survey on
Students Constitution and Health Monitoring Network
Work Program (Trail)” in 1999,12%1 and the implementa-
tion of the “Student Milk Drinking Program™ in 2000.[2¢)
However, this phenomenon was not observed among
rural boys and girls, suggesting that the previous policies
primarily benefited children and adolescents in urban
areas, with limited impact in rural areas.

Since then, to curb the continuous growth of overweight
and obesity among children and adolescents, China has
also introduced a series of policies to control obesity
among children and adolescents, such as the “China Food
and Nutrition Development Program (2014-2020)” in
2014,1%”) the “Healthy China 2030” planning outline in
2016,/?81 the “Implementation Program for Prevention
and Control of Childhood and Adolescent Obesity” in
2020, and the “Outline of China’s Child Development
Program (2021-2030)” in 2021.5% These policies might
have contributed to the decline in the prevalence of over-
weight and obesity among urban boys and girls aged 7-9
years from 2014 to 2019. Evidence has suggested that
policy interventions are sustainable and cost-effective
measures for addressing obesity.[>!! Nevertheless, there is
still a need for research focusing on childhood and ado-
lescent obesity at the policy level, as studies in this area
remain limited according to the Socio-Ecological Model
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(SEM).3?! It is still necessary to increase relevant periodic
policy research to evaluate the effects of relevant policies
and to make timely policy adjustments for health equity.

The rapid increase in overweight and obesity in rural
areas is leading to a future scenario of “urban-rural
reversal”. This shift could be attributed to rapid economic
development, which has narrowed the gap between urban
and rural areas. Urban children and adolescents have easier
access to high-energy foods and lack physical activity,
both of which are major risk factors for overweight and
obesity. However, with socioeconomic development,
rural children and adolescents may face similar risks.['*!
In high-income countries, such as the United States,!33-3*!
the United Kingdom,3’! and Australia,*®! rural children
and adolescents have been at higher risk of overweight
and obesity compared with their urban counterparts.
Moreover, since 2000, average BMI has stabilized, often
at high levels, in many high-income countries, while
continuing to rise in low- and middle-income countries.!®!
The prevalence of overweight and obesity among urban
children and adolescents in developing countries, includ-
ing China, is higher than that in rural areas. However, the
gap between urban and rural areas is gradually narrowing
until some or all areas reach the levels seen in developed
countries.'¥ For example, Beijing and Shandong in
eastern China have already witnessed the reversal of the
“urban-rural gap” in overweight and obesity among
children and adolescents.l?”) Over time, children and
adolescents in economically underdeveloped rural regions
of China may experience higher levels of overweight and
obesity. Therefore, there is an urgent need to adjust obesi-
ty-related policies and increase investment in the health of
rural children and adolescents.

It is evident that the status of overweight and obesity in
younger children tends to accumulate and persist as they
transition into older age groups. Research has shown
that approximately 80% of adolescents aged 10-14
years and 50% of children aged 6-9 years with obesity
maintain this status into adulthood.*! In addition, the
onset of puberty, typically occurring between the ages of
10 years and 12 years, has been found to be associated
with obesity in previous studies.’*! Moreover, a review
has also suggested that prevention programs yield the
best outcomes when targeting younger children, spe-
cifically those below the age of 12 years.l*’l Moreover,
the inflection point analysis conducted in different age
groups in this study found that the age group of 10-12
years old may contribute the most to the slowing down
of overweight and obesity prevalence. Considering the
significance, necessity, and feasibility, the findings of this
study further underscore the need to take proactive and
timely interventions to prevent overweight and obesity in
younger children. It is crucial to initiate interventions as
early as possible to mitigate the long-term consequences
and health risks associated with obesity throughout ado-
lescence and into adulthood.

This study does have certain limitations that should be
acknowledged. Specifically, the IOTF criteria utilized in
this research were found to be less sensitive in identify-
ing obesity in Chinese children and adolescents."®! This
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equivalence to the adult cutoff points for overweight and
obesity contributes to a higher threshold for obesity detec-
tion. As a result, there is a possibility that the prevalence
and projection of obesity in this population might have
been underestimated in children and adolescents. How-
ever, it is worth noting that the IOTF criteria were highly
specific in identifying populations with obesity who are in
urgent need of interventions. This specificity could prove
valuable in optimizing and prioritizing health resources and
interventions to target those most in need.

In conclusion, the prevalence of overweight and obesity
in Chinese children and adolescents exhibited a consistent
upward trend from 1985 to 2019. Moreover, it is antici-
pated that a complete reversal in the prevalence between
urban and rural areas will occur by 2027, indicating that
the prevalence of overweight and obesity in rural areas
is expected to surpass that in urban areas. This calls for
urgent measures to reduce health disparities and increase
investments, particularly in terms of policy initiatives
aimed at addressing the health needs of rural children
and adolescents. Furthermore, interventions targeted at
younger children and adolescents remain a crucial focal
point. It is essential to continuously push the boundaries
of obesity prevention and control efforts to effectively
combat this public health concern.

Acknowledgments

We thank the participants in each cycle of Chinese
National Survey on Students’ Constitution and Health for
their commitment to and involvement in the study, and
the dedicated team of research staff and ancillary staff for
their assistance in collecting and processing the data.

Funding

This study was supported by grants from the Natural
Science Foundation of Beijing (Nos. 7222247 to YS,
7222244 to YD) and National Natural Science Founda-
tion of China (Nos. 82273654 to YS, 82103865 to YD).

Conflicts of interest

None.

References

1. Kumar S, Kelly AS. Review of childhood obesity: From epide-

miology, etiology, and comorbidities to clinical assessment and

treatment. Mayo Clin Proc 2017;92:251-265. doi: 10.1016/j.may-
ocp.2016.09.017.

. Pandita A, Sharma D, Pandita D, Pawar S, Tariq M, Kaul A. Child-
hood obesity: Prevention is better than cure. Diabetes Metab Syndr
Obes 2016;9:83-89. doi: 10.2147/dms0.590783.

. Di Cesare M, Sori¢ M, Bovet P, Miranda JJ, Bhutta Z, Stevens GA,
et al. The epidemiological burden of obesity in childhood: A world-
wide epidemic requiring urgent action. BMC Med 2019;17:212.
doi: 10.1186/s12916-019-1449-8.

. World Obesity Atlas 2023. UK: World Obesity Federation, 2023.
Available from: https:/s3-eu-west-1.amazonaws.com/wof-files/World_
Obesity_Atlas_2023_Report.pdf. [Last accessed on 2023 July 20].

. Park MH, Falconer C, Viner RM, Kinra S. The impact of childhood
obesity on morbidity and mortality in adulthood: A systematic
review. Obes Rev 2012;13:985-1000. doi: 10.1111/5.1467-789X.
2012.01015.x.


https://s3-eu-west-1.amazonaws.com/wof-files/World_Obesity_Atlas_2023_Report.pdf
https://s3-eu-west-1.amazonaws.com/wof-files/World_Obesity_Atlas_2023_Report.pdf

Chinese Medical Journal 2025;138(3)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Comprehensive implementation plan on maternal, infant and

young child nutrition. Geneva: World Health Organization, 2014.
Available from: https://www.who.int/publications/i/item/WHO-
NMH-NHD-14.1. [Last accessed on 2023 July 20].

. Luo D, Song Y. Socio-economic inequalities in child growth:

Identifying orientation and forward-looking layout. Lancet Reg
Health West Pac 2022;21:100412. doi: 10.1016/j.lanwpc.2022.
100412.

. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in

body-mass index, underweight, overweight, and obesity from 1975
to 2016: A pooled analysis of 2416 population-based measurement
studies in 128-9 million children, adolescents, and adults. Lancet
2017;390:2627-2642. doi: 10.1016/s0140-6736(17)32129-3.

. Song Y, Ma ], Wang HJ, Wang Z, Hu P, Zhang B, et al. Secular

trends of obesity prevalence in Chinese children from 1985 to
2010: Urban-rural disparity. Obesity (Silver Spring) 2015;23:448—
453. doi: 10.1002/0by.20938.

Jaacks LM, Slining MM, Popkin BM. Recent trends in the preva-
lence of under- and overweight among adolescent girls in low- and
middle-income countries. Pediatr Obes 2015;10:428-435. doi:
10.1111/jpo.12000.

NCD Risk Factor Collaboration. Diminishing benefits of urban
living for children and adolescents’ growth and development.
Nature 2023;615:874-883. doi: 10.1038/s41586-023-05772-8.
Song Y, Wang HJ, Dong B, Ma J, Wang Z, Agardh A. 25-year trends
in gender disparity for obesity and overweight by using WHO and
IOTF definitions among Chinese school-aged children: A multiple
cross-sectional study. BMJ Open 2016;6:e011904. doi: 10.1136/
bmjopen-2016-011904.

Sun H, Ma Y, Han D, Pan CW, Xu Y. Prevalence and trends in
obesity among China’s children and adolescents, 1985-2010. PLoS
One 2014;9:¢105469. doi: 10.1371/journal.pone.0105469.

DongY, Jan C,Ma Y, Dong B, Zou Z, Yang Y, et al. Economic devel-
opment and the nutritional status of Chinese school-aged children
and adolescents from 1995 to 2014: An analysis of five successive
national surveys. Lancet Diabetes Endocrinol 2019;7:288-299.
doi: 10.1016/s2213-8587(19)30075-0.

Song Y, Agardh A, Ma J, Li L, Lei Y, Stafford RS, ef al. National
trends in stunting, thinness and overweight among Chinese school-
aged children, 1985-2014. Int J Obes (Lond) 2019;43:402-411.
doi: 10.1038/s41366-018-0129-7.

Cole TJ, Lobstein T. Extended international (IOTF) body mass
index cut-offs for thinness, overweight and obesity. Pediatr Obes
2012;7:284-294. doi: 10.1111/j.2047-6310.2012.00064.x.

Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permuta-
tion tests for joinpoint regression with applications to
cancer rates. Stat Med 2000;19:335-351. doi: 10.1002/(sici)1097-
0258(20000215)19:3<335::aid-sim336>3.0.c0;2-z.

National Health Commission of the People’s Republic of China.
Screening for overweight and obesity among school-age children
and adolescents. Beijing: National Health Commission of the Peo-
ple’s Republic of China; 2018: 1-3.

World Obesity Federation. World Obesity Atlas 2023. Available from:
https://www.worldobesity.org/resources/resource-library/world-
obesity-atlas-2023. [Last accessed on March 13, 2024].

Jebeile H, Kelly AS, O’Malley G, Baur LA. Obesity in children and
adolescents: Epidemiology, causes, assessment, and management.
Lancet Diabetes Endocrinol 2022;10:351-365. doi: 10.1016/
$2213-8587(22)00047-x.

Wu AJ, Aris IM, Hivert MF, Rocchio C, Cocoros NM, Klompas
M, et al. Association of changes in obesity prevalence with the
COVID-19 pandemic in youth in Massachusetts. JAMA Pediatr
2022;176:198-201. doi: 10.1001/jamapediatrics.2021.5095.
Fernandez-Rio ], Cecchini JA, Mendez-Gimenez A, Carriedo A.
Weight changes during the COVID-19 home confinement. Effects
on psychosocial variables. Obes Res Clin Pract 2020;14:383-385.
doi: 10.1016/j.0rcp.2020.07.006.

Roh SM, Eun BW, Seo JY. Does coronavirus disease 2019 affect
body mass index of children and adolescents who visited a growth
clinic in South Korea?: A single-center study. Ann Pediatr Endo-
crinol Metab 2022;27:52-59. doi: 10.6065/apem.2142082.041.
Further strengthening the management of the prevention and control
of common diseases among students. China: Ministry of Educa-
tion of the People’s Republic of China MoHoC, State Food and
Drug Administration of China, 1999. Available from: http://www.
moe.gov.cn/s78/A17/twys_left/moe_943/moe_945/s3285/201001/
t20100128_81093.html. [Last accessed on 2023 July 20].

317

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

WWW.Cmj.org

Chinese national survey on students constitution and health mon-
itoring network work program (trail). Ministry of Education of
the People’s Republic of China, 1999. Available from: http://www.
moe.gov.cn/jyb_xxgk/gk_gbgg/moe_0/moe_8/moe_25/tnull_285.
html. [Last accessed on 2023 July 20].

Student milk drinking program. China: Ministry of Agriculture
of the People’s Republic of China MoEotPsRoC, 2000. Availa-
ble from: http:/news.foodmate.net/2020/12/580681.html. [Last
accessed on 2023 July 20].

China food and nutrition development program (2014-2020).
China: General Office of the State Council of the People’s Republic
of China, 2014. Available from: https://extranet.who.int/nutrition/
gina/en/node/23654. [Last accessed on 2023 July 20].

Healthy China 2030” planning outline. China: Central People’s
Government of the People’s Republic of China, 2016. Available
from: https://www.gov.cn/zhengce/2016-10/25/content_5124174.
htm. [Last accessed on 2023 July 20].

Implementation program for prevention and control of childhood
and adolescent obesity. China: National Health Commission of the
People’s Republic of China, 2020. Available from: https:/www.
gov.cn/zhengce/zhengceku/2020-10/24/content_5553848.htm.
[Last accessed on 2023 July 20].

Outline of china’s child development program (2021-2030) China:
Central People’s Government of the People’s Republic of China.
2021. Available from: https://www.gov.cn/xinwen/2021-09/27/
content_5639545.htm. [Last accessed on 2023]July 20].

Olstad DL, Teychenne M, Minaker LM, Taber DR, Raine KD,
Nykiforuk CI, ez al. Can policy ameliorate socioeconomic inequi-
ties in obesity and obesity-related behaviours? A systematic review
of the impact of universal policies on adults and children. Obes
Rev 2016;17:1198-1217. doi: 10.1111/0br.12457.

Pereira MMCE, Padez CMP, Nogueira HGDSM. Describing stud-
ies on childhood obesity determinants by Socio-Ecological Model
level: A scoping review to identify gaps and provide guidance
for future research. Int J Obes (Lond) 2019;43:1883-1890. doi:
10.1038/s41366-019-0411-3.

Davis AM, Bennett KJ, Befort C, Nollen N. Obesity and related
health behaviors among urban and rural children in the United
States: data from the National Health And Nutrition Examination
Survey 2003-2004 and 2005-2006. ] Pediatr Psychol 2011;36:669—
676. doi: 10.1093/jpepsy/jsq117.

Johnson JA 3rd, Johnson AM. Urban-rural differences in child-
hood and adolescent obesity in the United States: A systematic
review and meta-analysis. Child Obes 2015;11:233-241. doi:
10.1089/chi.2014.0085.

Bann D, Johnson W, Li L, Kuh D, Hardy R. Socioeconomic ine-
qualities in childhood and adolescent body-mass index, weight,
and height from 1953 to 2015: An analysis of four longitudinal,
observational, British birth cohort studies. Lancet Public Health
2018;3:6194—€203. doi: 10.1016/s2468-2667(18)30045-8.

Booth ML, Wake M, Armstrong T, Chey T, Hesketh K, Mathur
S. The epidemiology of overweight and obesity among Austral-
ian children and adolescents, 1995-97. Aust N Z ] Public Health
2001;25:162-169. doi: 10.1111/5.1753-6405.2001.tb01840.x.
Zhang YX, Yan P, Chu ZH. Shifts in the distribution of body
mass index among children and adolescents in Shandong, China,
1985-2014. Int ] Cardiol 2016;203:126-127. doi: 10.1016/.
ijjcard.2015.10.164.

Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. Pre-
dicting obesity in young adulthood from childhood and parental
obesity. N Engl ] Med. 1997;337(13):869-873. doi: 10.1056/
NEJM199709253371301.

Reinehr T, Roth CL. Is there a causal relationship between obe-
sity and puberty? Lancet Child Adolesc Health 2019;3:44-54. doi:
10.1016/s2352-4642(18)30306-7.

Weihrauch-Blither S, Kromeyer-Hauschild K, Graf C, Widhalm
K, Korsten-Reck U, Jodicke B, et al. Current guidelines for
obesity prevention in childhood and adolescence. Obes Facts
2018;11:263-276. doi: 10.1159/000486512.

How to cite this article: Dang JJ, Liu YE, Cai S, Zhong PL, Shi D, Chen
7Y, Zhang YH, Dong YH, Ma J, Song Y. Secular trend and projection
of overweight and obesity among Chinese children and adolescents
aged 7-18 years from 1985 to 2019: Rural areas are becoming the
focus of investment. Chin Med ] 2025;138:311-317. doi: 10.1097/
CM9.0000000000003123


http://www.moe.gov.cn/s78/A17/twys_left/moe_943/moe_945/s3285/201001/t20100128_81093.html
http://www.moe.gov.cn/s78/A17/twys_left/moe_943/moe_945/s3285/201001/t20100128_81093.html
http://www.moe.gov.cn/s78/A17/twys_left/moe_943/moe_945/s3285/201001/t20100128_81093.html
http://www.moe.gov.cn/jyb_xxgk/gk_gbgg/moe_0/moe_8/moe_25/tnull_285.html
http://www.moe.gov.cn/jyb_xxgk/gk_gbgg/moe_0/moe_8/moe_25/tnull_285.html
http://www.moe.gov.cn/jyb_xxgk/gk_gbgg/moe_0/moe_8/moe_25/tnull_285.html
http://news.foodmate.net/2020/12/580681.html
https://extranet.who.int/nutrition/gina/en/node/23654
https://extranet.who.int/nutrition/gina/en/node/23654
https://www.gov.cn/zhengce/2016-10/25/content_5124174.htm
https://www.gov.cn/zhengce/2016-10/25/content_5124174.htm
https://www.gov.cn/zhengce/zhengceku/2020-10/24/content_5553848.htm
https://www.gov.cn/zhengce/zhengceku/2020-10/24/content_5553848.htm
https://www.gov.cn/xinwen/2021-09/27/content_5639545.htm
https://www.gov.cn/xinwen/2021-09/27/content_5639545.htm

	﻿Secular trend and projection of overweight and obesity among Chinese children and adolescents aged 7–18 years from 1985 to 2019: Rural areas are becoming the focus of investment
	﻿Introduction
	﻿Methods
	﻿Data sources
	﻿Overweight and obesity measurement and definition
	﻿Statistical analysis

	﻿Results
	﻿Sociodemographic characteristics of children and adolescents
	﻿Secular trends of overweight and obesity
	﻿Projection of overweight and obesity

	﻿Discussion
	﻿Acknowledgments
	﻿Funding
	﻿Conflicts of interest
	﻿References


