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Abstract

Background: Overweight/obesity is a serious public health problem that affects a large part of the world population across
all age and racial/ethnic groups. However, there has not been a meta-analysis of the prevalence of childhood and
adolescent overweight/obesity in China during the past 30 years.

Methods: The China National Knowledge Infrastructure and Wanfang DATA, MEDLINE, EMBASE and Cumulative Index to
Nursing and Allied Health Literature were searched for relevant studies published between January 1970 and June 2012.
The prevalence of overweight/obesity over time was pooled using Stata/SE, version 9. Summary statistics (odds ratios, ORs)
were used to compare sex-specific and urban-rural preponderance of overweight/obesity using Review Manager.

Results: After screening 1326 papers, we included 35 papers (41 studies), most of medium quality. The prevalence of
overweight/obesity increased from 1.8% (95% confidence interval [CI], 0.4%–3.1%) and 0.4% (95% CI, 20.1% to 20.8%)
respectively in 1981–1985 to 13.1% (95% CI, 11.2%–15.0%) and 7.5% (95% CI, 6.6%–8.4%) respectively in 2006–2010. The
average annual increase was 8.3% and 12.4% respectively. Boys were more likely to be overweight/obese than girls (OR,
1.36; 95% CI, 1.24–1.49 and OR, 1.68; 95% CI, 1.52–1.86 respectively). The prevalence of overweight/obesity was higher in
urban areas than in rural areas (OR, 1.66; 95% CI, 1.54–1.79 and OR, 1.97; 95% CI, 1.68–2.30 respectively). For age-specific
subgroup analyses, both overweight and obesity increased more rapidly in the toddler stage than in other developmental
stages. Sensitivity analyses showed that sample-size differences, study quality, overweight/obesity criteria and geographical
distribution affected overweight/obesity prevalence.

Conclusions: Toddlers and urban boys were at particularly high risk; the prevalence in these groups increased more rapidly
than in their counterparts. Public health prevention strategies are urgently needed to modify health behaviors of children
and adolescents and control overweight/obesity in China.
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Introduction

Overweight/obesity is a serious public health problem that

affects a large part of the world population across all age, gender

and racial/ethnic groups [1]. Overweight/obesity in the pediatric

population has attracted much attention because childhood and

adolescence are critical developmental periods during which

individuals establish the foundations for their future health.

Moreover, overweight/obesity in this age group could carry over

to adulthood [2]. Childhood and adolescence is a brief, yet critical,

window of opportunity for the prevention of the overweight/

obesity epidemic.

Overweight/obesity in children and adolescents can cause

developmental problems, such as poor cognitive function [3],

psychological disorders [4], and altered timing of puberty [5], and

may be accompanied by cardiovascular risk factors and metabolic

syndrome [6]. Overweight/obesity during childhood and adoles-

cence is also a risk factor for adult insulin resistance [7], diabetes

mellitus [8], hypertension [9], coronary heart disease and stroke

[10,11], and even mortality [12].

With ongoing, rapid urbanization and industrialization, many

developing countries are facing a significant and rapidly growing

epidemic of overweight/obesity in children and adolescents [13].

In China, recent, rapid economic growth has been associated with

an increasing incidence of childhood and adolescent overweight/

obesity [14]. A growing interest in monitoring overweight/obesity

has led to a number of studies, including a few national surveys,

which have investigated the prevalence of these conditions in

Chinese children and adolescents [15]. These studies provide

updated health information for the development of effective

programs and strategies to prevent and control overweight/

obesity. However, there has been no summary or critical appraisal

of the body of literature on the prevalence of childhood and
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adolescent overweight/obesity in China published during the past

30 years. Prior reviews on this topic have been limited by a focus

on a certain national survey [16,17]. It is difficult to predict trends

in overweight and obesity in Chinese children and adolescents

because of the insufficient and non-representative samples in

national surveys, the findings of which may not be applicable to

the entire population. Therefore, we extended this review to a

larger number of studies and national surveys, carried out a meta-

analysis of the prevalence of overweight and obesity from infancy

to adolescence in China and described the secular trends in this

prevalence from 1981 to 2010 and the trends in the prevalence

categorized by place of residence (urban-rural) and gender.

Methods

This systematic review and meta-analysis was conducted

according to the guidelines for the Meta-analysis of Observational

Studies in Epidemiology [18] and the Preferred Reporting Items

for Systematic Reviews and Meta-analyses (PRISMA) statement.

Study selection criteria
Studies were required to conform to the following criteria: (i) a

sample that included children and adolescents (ages, 0–18 years),

(ii) cohort and cross-sectional design, (iii) original studies that

presented the prevalence of overweight/obesity and (iv) study

setting in China. Studies that defined overweight/obesity catego-

ries according to body mass index (BMI) were included. BMI was

calculated by dividing body weight (kg) by the square of the height

(m2). The Centers for Disease Control and Prevention (CDC,

USA) [19], International Obesity Task Force (IOTF) [20] and

Working Group for Obesity in China (WGOC) [21] have

separately published BMI reference standards for children and

adolescents, and overweight was defined as BMI .85th percentile

but #95th percentile, related to gender and age, whereas obesity

was defined as BMI .95th percentile. Studies that classified

overweight/obesity according to the deviation from the ideal

weight-for-height recommended by the World Health Organiza-

tion (WHO) were also included. In these studies, the ratio of

weight (W) to ideal weight (IW) was calculated; overweight was

defined as W/IW .1.1, and obesity, as W/IW .1.2 [22].

Data sources and search strategies
Five electronic bibliographic databases, the Chinese journal full-

text database of the China National Knowledge Infrastructure

(CNKI), and the databases of Wanfang DATA, MEDLINE,

EMBASE and Cumulative Index to Nursing and Allied Health

Literature (CINAHL), were searched systematically for studies

published between January 1970 and June 2012. The following

terms, adapted for each database, were used for the searches:

‘incidence’ OR ‘frequency’ OR ‘prevalence’ OR ‘epidemiology’

AND ‘obesity’ OR ‘overweight’ OR ‘body mass index’ OR ‘BMI’

OR ‘weight gain’ AND ‘China’ OR ‘Chinese’ AND ‘infant’,

‘childhood’, ‘children’, ‘toddler’, ‘adolescence’, ‘adolescents’,

‘youth’, ‘teen’ and ‘teenager’ (Appendix S1). No restrictions on

language were applied. Searching of gray literature and hand

searching were not performed. If the data in the original

publication lacked sufficient detail, the study authors were

contacted for additional information.

Screening and data-extraction form
Titles and abstracts were examined for inclusion by two

independent reviewers (ZB Yu and JH Chu) on the basis of pre-

defined inclusion criteria, and disagreements were resolved by

consensus or referred to a third reviewer (SP Han), if necessary.

For articles with relevant citations or with titles/abstracts with

insufficient information for deciding on inclusion/exclusion, the

full text was retrieved and evaluated. The following study

characteristics were extracted from the articles: publication year,

study time period, study design, representativeness of target

population, sample selection, sample size, response rate, reasons

for nonresponse, data source, data collection, description of

obesity/overweight/sex/age/urban and rural, prevalence recall

periods, study objectives, criteria for obesity or overweight and raw

figures that allowed calculation of obesity/overweight prevalence.

An independent reviewer (C Zhu) confirmed all data entries.

Missing raw data were requested from authors by email.

Assessment of study quality
To assess the quality of the included studies, we created a

specific checklist (Appendix S2) based on the methodological

criteria proposed by Leboeuf-Yde and Lauritsen for the assessment

of prevalence studies, with relevant revisions [23]. In brief, we

assessed the quality of all included studies on the basis of the

following: study design, representativeness of target population,

sample selection, sample size, response rate, reasons for nonre-

sponse, data source and study objectives, data collection,

description of obesity/overweight/sex/age/urban and rural and

prevalence recall periods. Study quality was scored on a scale of 0

to 19, and studies were classified as high (.14), medium (11–14) or

low (,11) quality [23].

Statistical analysis
To permit comparison, studies that categorized data by

residence (urban and rural) as well as by sex were tabulated

separately. Studies were also tabulated by year of fieldwork.

Because of insufficient numbers of studies for individual years,

studies were grouped into six 5-year periods, 1981–1985, 1986–

1990, 1991–1995, 1996–2000, 2001–2005 and 2006–2010. Date

of fieldwork is a more reliable indicator of time trends than date of

publication, which is variably delayed. Therefore, studies for

which dates of fieldwork could not be ascertained were excluded

from the time trend analysis. We calculated the prevalence of

overweight/obesity over time, sex and residence (urban or rural) in

terms of proportions and 95% confidence interval (CI) for each

study, and pooled the data to derive a pooled proportion and 95%

CI using Stata/SE, version 9 (Stata Corp., College Station, Texas,

USA). Summary statistics (odds ratios, ORs) were used to compare

sex-specific and urban-rural preponderance of overweight/obesity

using Review Manager, version 5.1.7 (Nordic Cochrane Center,

Copenhagen, Denmark). The chi-square test was used to analyze

heterogeneity across studies. A random-effects model was used to

account for possible heterogeneity between studies; a fixed-effects

model was used in the absence of heterogeneity [24]. P-

values,0.05 were considered significant. First, we assessed the

prevalence of overweight/obesity in children and adolescents aged

0–18 years. Second, subgroup analyses were performed for the

following growth and developmental stages: infancy, age,1 year;

toddler, 1–3 years; pre-school, 4–6 years; school, 7–13 years; and

adolescence, 14–18 years. Sensitivity analysis was performed to

determine whether differences in sample size, study quality,

diagnostic criteria for obesity/overweight and geographical

distribution affected study conclusions. Publication bias was

assessed by inspection of funnel plots, and formal testing for

funnel plot asymmetry was performed using the Begg test and

Egger test [25], which was carried out using Stata/SE.
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Results

Literature search and study quality
A search of five electronic databases identified 1,326 papers,

1291 of which were excluded owing to the reasons listed in

Figure 1. Thus, 35 papers (41 studies) were included in the meta-

analysis [26–60], including four national surveys (12 papers) [26–

37] and 23 regional papers [38–40]. Among the included papers,

one national survey (China Health and Nutrition Survey, CHNS)

has been conducted successively in 1989, 1991, 1993, 1997, 2000,

2004, 2006, their data can be obtained from the website http://

www.cpc.unc.edu/projects/china/data/data.html. One paper

[29] described the successive national survey included seven

studies of CHNS in 1989, 1991, 1993, 1997, 2000, 2004, 2006.

The other 34 papers described the corresponding 34 studies. Thus,

35 papers correspond with 41 studies in the meta-analysis. The

prevalence of overweight/obesity, general information and study

designs of the four national surveys, National Survey on

Childhood Obesity (NSCO), Chinese National Survey on Students

Constitution and Health (CNSSCH), Chinese National Nutrition

and Health Survey (CNNHS) and CHNS, have been described in

greater detail in Appendix S3. Three regional studies (Beijing City,

Urumqi City and Shandong Province) from the sixth CNSSCH in

2010 were included [38–40]. In addition, 20 papers (20 studies)

were included from regional surveys on overweight/obesity in

children and adolescents [41–60]. Descriptive information for

each study is presented in Table S1.

The quality of each paper based on 10 items is summarized in

Appendix S4. NSCO and CNSSCH received scores of 15 and 16,

respectively, and were considered to be of high methodological

quality. CHNS and CNNHS received scores of 12 and 14,

respectively, and were considered to be of medium methodological

quality. Three regional studies from the sixth CNSSCH in 2010

received scores of 11–14, and were considered to be of medium

methodological quality. Of the 20 papers from regional surveys on

childhood overweight/obesity, six received scores of 11–14 and

were considered to be of medium methodological quality;

14 papers received scores of #10 and were considered to be of

low methodological quality. The PRISMA statement see Checklist

S1.

Meta-analysis of overweight/obesity prevalence in
Chinese children and adolescents

Thirty-seven studies assessed the prevalence of overweight in a

total of 2,016,361 Chinese children and adolescents (Table 1). A

pooled analysis based on years of fieldwork categorized in five-year

periods demonstrated an increase in overweight over time

(Table 1). The prevalence of overweight increased from 1.8%

(95% CI, 0.4%–3.1%) in all subjects, 1.6% (95% CI, 0.4%–2.7%)

in boys and 2.0% (95% CI, 0.5%–3.6%) in girls in 1981–1985 to

13.1% (95% CI, 11.2%–15.0%) in all subjects, 15.4% (95% CI,

13.3%–17.5%) in boys and 10.7% (95% CI, 8.8%–12.6%) in girls

in 2006–2010. These values represent 7.3-fold, 9.6-fold and 5.4-

fold increases, respectively since 1981–1985, with average annual

increase rates of 8.3%, 9.5% and 6.9%, respectively.

Figure 1. Flow chart of article screening and selection process.
doi:10.1371/journal.pone.0051949.g001
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Forty-one studies assessed the prevalence of obesity in a total of

2,225,347 Chinese children and adolescents (Table 2). A pooled

analysis based on years of fieldwork divided into five-year periods

demonstrated an increase in obesity over time (Table 2). The

prevalence of obesity increased from 0.4% (95% CI, 20.1% to

20.8%) in all subjects, 0.4% (95% CI, 20.0% to 0.8%) in boys

and 0.3% (95% CI, 20.2% to 0.8%) in girls in 1981–1985 to 7.5%

(95% CI, 6.6%–8.4%) in all subjects, 9.3% (95% CI, 8.3%–

10.4%) in boys and 5.3% (95% CI, 4.5%–6.2%) in girls in 2006–

2010. These values represent 18.8-fold, 23.3-fold and 17.7-fold

increases, respectively, since 1981–1985, with average annual

increase rates of 12.4%, 13.4% and 12.2%, respectively.

Further pooled analysis of the prevalence of overweight and

obesity in Chinese children and adolescents, categorized according

to years of fieldwork demonstrated an increase in overweight and

obesity over time. The prevalence of both conditions increased

from 2.1% (95% CI, 0.3%–4.0%) in all subjects, 1.9% (95% CI,

0.4%–3.5%) in boys and 2.4% (95% CI, 0.4%–4.4%) in girls in

1981–1985 to 20.7% (95% CI, 18.2%–23.1%) in all subjects,

25.0% (95% CI, 22.3%–27.7%) in boys and 16.2% (95% CI,

13.7%–18.6%) in girls in 2006–2010. These values represent 9.9-

fold, 13.2-fold and 6.8-fold increases, respectively, since 1981–

1985, with average annual increase rates of 12.1%, 13.8% and

10.0%, respectively.

Gender differences
A comparative meta-analysis of the 37 studies that assessed the

prevalence of overweight showed that boys were more likely to be

overweight than girls (OR, 1.36; 95% CI, 1.24–1.49; P,0.00001).

Time trend analyses based on years of fieldwork showed that the

OR of being overweight for boys compared with girls gradually

increased from 0.76 (95% CI, 0.73–0.79) in 1981–1985 to 1.53

(95% CI, 1.36–1.52) in 2006–2010 (Figure 2).

Moreover, a comparative meta-analysis of the 41 studies that

assessed the prevalence of obesity showed that boys were more

likely to be obese than girls (OR, 1.68; 95% CI, 1.52–1.86;

P,0.00001). Time trend analyses based on years of fieldwork

showed that the OR of being obese for boys compared with girls

gradually increased from 1.11 (95% CI, 0.76–1.62) in 1981–1985

to 1.86 (95% CI, 1.57–2.21) in 2006–2010 (Figure 3).

Urban-rural differences
Thirteen studies reported the prevalence of overweight/obesity

among a total of 897,820 children and adolescents in urban and

rural areas (Tables S2 and S3). In 2006–2010, the prevalence of

overweight was 12.3% (95% CI, 8.1%–16.5%) in urban areas and

7.7% (95% CI, 6.5%–8.9%) in rural areas; these values were 2.3

and 2.1 times higher respectively than those in 1991–1995. The

average annual increase rate was 5.6% and 5.2%, respectively

(Table S2). In 2006–2010, the prevalence of obesity was 8.1%

(95% CI, 5.4%–10.8%) in urban areas and 4.6% (95% CI, 3.7%–

5.5%) in rural areas; these values were 2.8 and 3.5 times higher

respectively than those in 1991–1995. The average annual

increase rate was 7.1% and 8.8%, respectively (Table S3). With

the exception of the prevalence of obesity in 1996–2000, in which

there were no urban-rural differences (OR, 1.51; 95% CI, 0.71–

3.22; P = 0.29), the prevalence of overweight/obesity in all other

five-year periods from 1991–1995 to 2006–2010 was higher in

urban areas than in rural areas (Figure S1, total OR for

overweight, 1.66; 95% CI, 1.54–1.79; P,0.00001 and Figure

S2, total OR for obesity, 1.97; 95% CI, 1.68–2.30; P,0.00001).

T
a

b
le

1
.

C
o

n
t.

A
u

th
o

r,
y

e
a

r
T

im
e

p
e

ri
o

d
S

a
m

p
le

si
z

e
(n

)
O

v
e

rw
e

ig
h

t
(n

)
O

v
e

rw
e

ig
h

t,
P

re
v

a
le

n
ce

,
%

(9
5

%
C

I)

(y
e

a
rs

)
B

o
y

s
G

ir
ls

T
o

ta
l

B
o

y
s

G
ir

ls
T

o
ta

l
B

o
y

s
G

ir
ls

T
o

ta
l

W
an

g
et

a
l.

2
0

1
1

(5
3

)
2

0
0

6
5

0
6

2
4

9
2

2
9

9
8

4
8

7
1

6
7

5
1

5
4

6
1

7
.2

%
(1

6
.2

%
,

1
8

.2
%

)
1

3
.7

%
(1

2
.8

%
,

1
4

.7
%

)
1

5
.5

%
(1

4
.8

%
,

1
6

.2
%

)

N
T

FC
O

C
.

2
0

0
8

(2
8

)
2

0
0

6
4

5
1

3
9

3
9

6
2

7
8

4
7

6
6

1
0

0
3

4
6

7
5

0
1

6
7

8
4

2
2

.2
%

(2
1

.8
%

,
2

2
.6

%
)

1
7

.0
%

(1
6

.7
%

,
1

7
.4

%
)

1
9

.8
%

(1
9

.5
%

,
2

0
.1

%
)

W
u

et
a

l.
2

0
0

8
(5

4
)

2
0

0
7

2
2

0
9

1
9

3
1

4
1

4
0

2
7

2
1

3
2

4
0

4
1

2
.3

%
(1

0
.9

%
,

1
3

.7
%

)
6

.8
%

(5
.7

%
,

8
.0

%
)

9
.8

%
(8

.9
%

,
1

0
.7

%
)

Z
h

an
g

(b
)

et
a

l.
2

0
1

2
(5

8
)

2
0

0
8

4
4

1
4

8
4

1
4

5
7

8
5

6
0

5
8

3
0

7
4

8
8

9
1

3
1

9
6

1
8

.8
%

(1
8

.5
%

,
1

9
.2

%
)

1
1

.8
%

(1
1

.5
%

,
1

2
.1

%
)

1
5

.4
%

(1
5

.2
%

,
1

5
.7

%
)

M
a

et
a

l.
2

0
1

1
(6

0
)

2
0

0
8

–
2

0
0

9
4

4
9

8
4

1
5

5
8

6
5

3
4

8
8

4
6

2
9

5
0

1
0

.8
%

(9
.9

%
,

1
1

.8
%

)
1

1
.1

%
(1

0
.2

%
,

1
2

.1
%

)
1

1
.0

%
(1

0
.3

%
,

1
1

.6
%

)

C
h

an
g

et
a

l.
2

0
1

2
(5

5
)

2
0

0
9

7
3

5
6

6
6

3
8

1
3

9
9

4
8

7
2

5
8

6
1

4
5

8
1

1
.9

%
(1

1
.1

%
,

1
2

.6
%

)
8

.8
%

(8
.1

%
,

9
.5

%
)

1
0

.4
%

(9
.9

%
,

1
0

.9
%

)

C
ao

et
a

l.
2

0
1

2
(5

6
)

2
0

0
9

4
4

2
1

1
4

4
7

6
3

8
8

9
7

4
6

4
6

7
3

8
2

9
1

0
2

9
6

1
4

.6
%

(1
4

.3
%

,
1

5
.0

%
)

8
.6

%
(8

.3
%

,
8

.8
%

)
1

1
.6

%
(1

1
.4

%
,

1
1

.8
%

)

A
n

d
e

g
io

rg
is

h
et

a
l.

2
0

1
2

(5
7

)
2

0
1

0
1

5
5

9
1

5
8

1
3

1
4

0
2

3
4

1
6

0
3

9
4

1
5

.0
%

(1
3

.2
%

,
1

6
.8

%
)

1
0

.1
%

(8
.6

%
,

1
1

.6
%

)
1

2
.5

%
(1

1
.4

%
,

1
3

.7
%

)

W
an

g
et

a
l.2

0
1

2
(3

8
)

2
0

1
0

6
0

0
6

0
0

1
2

0
0

8
3

6
6

1
4

9
1

3
.8

%
(1

1
.1

%
,

1
6

.6
%

)
1

1
.0

%
(8

.5
%

,
1

3
.5

%
)

1
2

.4
%

(1
0

.6
%

,
1

4
.3

%
)

Li
u

et
a

l.2
0

1
2

(3
9

)
2

0
1

0
1

2
0

0
1

2
0

0
2

4
0

0
1

8
0

8
4

2
6

4
1

5
.0

%
(1

3
.0

%
,

1
7

.0
%

)
7

.0
%

(5
.6

%
,

8
.4

%
)

1
1

.0
%

(9
.7

%
,

1
2

.3
%

)

Z
h

an
g

(a
)

et
a

l.2
0

1
2

(4
0

)
2

0
1

0
3

7
8

3
3

7
9

4
7

5
7

7
6

5
6

4
5

4
1

1
1

0
1

7
.3

%
(1

6
.1

%
,

1
8

.5
%

)
1

2
.0

%
(1

0
.9

%
,

1
3

.0
%

)
1

4
.6

%
(1

3
.9

%
,

1
5

.4
%

)

S
u

b
-t

o
ta

l
1

7
2

9
8

1
1

6
2

9
6

2
3

3
5

9
4

3
3

0
5

6
4

1
9

6
7

9
5

0
2

4
3

1
5

.4
%

(1
3

.3
%

,
1

7
.5

%
)

1
0

.7
%

(8
.8

%
,

1
2

.6
%

)
1

3
.1

%
(1

1
.2

%
,

1
5

.0
%

)

O
v

e
ra

ll
1

0
2

4
7

1
0

9
9

1
6

5
1

2
0

1
6

3
6

1
8

5
4

5
2

6
4

3
5

6
1

4
9

8
0

8
1

1
.5

%
(9

.9
%

,
1

3
.1

%
)

8
.3

%
(7

.2
%

,
9

.3
%

)
9

.9
%

(8
.6

%
,

1
1

.3
%

)

d
o

i:1
0

.1
3

7
1

/j
o

u
rn

al
.p

o
n

e
.0

0
5

1
9

4
9

.t
0

0
1

Pediatric Overweight/Obesity in China

PLOS ONE | www.plosone.org 5 December 2012 | Volume 7 | Issue 12 | e51949



T
a

b
le

2
.

Su
m

m
ar

y
o

f
st

u
d

ie
s

re
p

o
rt

in
g

th
e

p
re

va
le

n
ce

o
f

o
b

e
si

ty
in

C
h

in
e

se
ch

ild
re

n
an

d
ad

o
le

sc
e

n
ts

ag
e

d
0

–
1

8
ye

ar
s.

A
u

th
o

r,
y

e
a

r
T

im
e

p
e

ri
o

d
S

a
m

p
le

si
z

e
(n

)
O

b
e

si
ty

(n
)

O
b

e
si

ty
,

P
re

v
a

le
n

ce
,

%
(9

5
%

C
I)

(y
e

a
rs

)
B

o
y

s
G

ir
ls

T
o

ta
l

B
o

y
s

G
ir

ls
T

o
ta

l
B

o
y

s
G

ir
ls

T
o

ta
l

1
9

8
1

–
1

9
8

5

C
h

e
n

.1
9

8
6

(3
0

)
1

9
8

2
5

3
3

4
4

7
9

3
1

0
1

2
7

9
4

1
3

0
.2

%
(0

.1
%

,
0

.3
%

)
0

.1
%

(0
.0

%
,

0
.2

%
)

0
.1

%
(0

.1
%

,
0

.2
%

)

C
N

SS
C

H
1

9
8

7
(3

3
)

1
9

8
5

2
0

5
1

0
0

2
0

4
8

4
6

4
0

9
9

4
6

1
2

3
6

1
1

8
6

2
4

2
2

0
.6

%
(0

.6
%

,
0

.6
%

)
0

.6
%

(0
.5

%
,

0
.6

%
)

0
.6

%
(0

.6
%

,
0

.6
%

)

S
u

b
-t

o
ta

l
2

1
0

4
3

4
2

0
9

6
3

9
4

2
0

0
7

3
1

2
4

5
1

1
9

0
2

4
3

5
0

.4
%

(2
0

.0
%

,
0

.8
%

)
0

.3
%

(2
0

.2
%

,
0

.8
%

)
0

.4
%

(2
0

.1
%

,
0

.8
%

)

1
9

8
6

–
1

9
9

0

D
in

g
et

a
l.

1
9

8
8

(4
1

)
1

9
8

6
4

4
1

7
4

5
0

3
8

9
2

0
1

7
3

1
1

2
2

8
5

3
.9

%
(3

.3
%

,
4

.5
%

)
2

.5
%

(2
.0

%
,

2
.9

%
)

3
.2

%
(2

.8
%

,
3

.6
%

)

D
in

g
et

a
l.

1
9

8
9

(2
6

)
1

9
8

6
7

1
4

2
0

6
6

6
0

9
1

3
8

0
2

9
5

7
6

4
9

0
1

0
6

6
0

.8
%

(0
.7

%
,

0
.9

%
)

0
.7

%
(0

.7
%

,
0

.8
%

)
0

.8
%

(0
.7

%
,

0
.8

%
)

S
u

b
-t

o
ta

l
7

5
8

3
7

7
1

1
1

2
1

4
6

9
4

9
7

4
9

6
0

2
1

3
5

1
2

.3
%

(2
0

.7
%

,
5

.4
%

)
1

.6
%

(2
0

.1
%

,
3

.3
%

)
2

.0
%

(2
0

.4
%

,
4

.4
%

)

1
9

9
1

–
1

9
9

5

C
H

N
S

1
9

9
1

(2
9

)
1

9
9

1
1

3
3

3
1

2
4

8
2

5
8

1
1

7
1

8
3

5
1

.3
%

(0
.7

%
,

1
.9

%
)

1
.4

%
(0

.8
%

,
2

.1
%

)
1

.4
%

(0
.9

%
,

1
.8

%
)

C
N

SS
C

H
1

9
9

3
(3

4
)

1
9

9
1

7
0

6
0

8
7

0
0

4
7

1
4

0
6

5
5

1
6

7
5

1
0

9
7

2
7

7
2

2
.4

%
(2

.3
%

,
2

.5
%

)
1

.6
%

(1
.5

%
,

1
.7

%
)

2
.0

%
(1

.9
%

,
2

.0
%

)

G
e

.1
9

9
5

(3
1

)
1

9
9

2
1

3
2

5
1

1
1

9
8

7
2

5
2

3
8

2
3

4
1

9
9

4
3

3
1

.8
%

(1
.5

%
,

2
.0

%
)

1
.7

%
(1

.4
%

,
1

.9
%

)
1

.7
%

(1
.6

%
,

1
.9

%
)

C
H

N
S

1
9

9
3

(2
9

)
1

9
9

3
1

2
4

8
1

1
4

4
2

3
9

2
2

0
2

1
4

1
1

.6
%

(0
.9

%
,

2
.3

%
)

1
.8

%
(1

.1
%

,
2

.6
%

)
1

.7
%

(1
.2

%
,

2
.2

%
)

C
N

SS
C

H
1

9
9

7
(3

5
)

1
9

9
5

1
0

3
9

6
0

1
0

4
6

7
6

2
0

8
6

3
6

3
9

1
9

2
1

9
8

6
1

1
7

3
.8

%
(3

.7
%

,
3

.9
%

)
2

.1
%

(2
.0

%
,

2
.2

%
)

2
.9

%
(2

.9
%

,
3

.0
%

)

S
u

b
-t

o
ta

l
1

9
0

4
0

0
1

8
9

1
0

2
3

7
9

5
0

2
5

8
6

5
3

5
3

3
9

3
9

8
2

.2
%

(1
.3

%
,

3
.1

%
)

1
.7

%
(1

.4
%

,
2

.1
%

)
2

.0
%

(1
.4

%
,

2
.6

%
)

1
9

9
6

–
2

0
0

0

C
H

N
S

1
9

9
7

(2
9

)
1

9
9

7
1

2
6

9
1

1
2

0
2

3
8

9
2

6
1

2
3

8
2

.0
%

(1
.3

%
,

2
.8

%
)

1
.1

%
(0

.5
%

,
1

.7
%

)
1

.6
%

(1
.1

%
,

2
.1

%
)

C
H

N
S

2
0

0
0

(2
9

)
2

0
0

0
1

2
1

6
1

0
7

4
2

2
9

0
2

3
1

4
3

7
1

.9
%

(1
.1

%
,

2
.7

%
)

1
.3

%
(0

.6
%

,
2

.0
%

)
1

.6
%

(1
.1

%
,

2
.1

%
)

C
N

SS
C

H
2

0
0

2
(3

6
)

2
0

0
0

1
1

1
8

5
3

1
1

1
9

1
9

2
2

3
7

7
2

7
3

4
8

3
8

4
2

1
1

1
9

0
6

.6
%

(6
.4

%
,

6
.7

%
)

3
.4

%
(3

.3
%

,
3

.5
%

)
5

.0
%

(4
.9

%
,

5
.1

%
)

Z
u

o
et

a
l.

2
0

0
0

(4
2

)
1

9
9

7
2

1
0

8
1

8
9

9
4

0
0

7
1

9
2

8
0

2
7

2
9

.1
%

(7
.9

%
,

1
0

.3
%

)
4

.2
%

(3
.3

%
,

5
.1

%
)

6
.8

%
(6

.0
%

,
7

.6
%

)

H
u

i
et

a
l.

2
0

0
3

(4
3

)
1

9
9

9
2

4
2

8
2

1
4

6
4

5
7

4
1

1
1

3
3

1
4

4
4

.6
%

(3
.7

%
,

5
.4

%
)

1
.5

%
(1

.0
%

,
2

.1
%

)
3

.1
%

(2
.6

%
,

3
.7

%
)

D
in

g
et

a
l.

1
9

9
8

(2
7

)
1

9
9

6
1

1
0

9
9

3
9

7
5

2
0

2
0

8
5

1
3

2
4

1
8

1
8

5
8

4
2

7
6

2
.2

%
(2

.1
%

,
2

.3
%

)
1

.9
%

(1
.8

%
,

2
.0

%
)

2
.0

%
(2

.0
%

,
2

.1
%

)

C
h

e
n

et
a

l.
2

0
0

2
(4

4
)

2
0

0
0

1
7

4
6

1
6

1
1

3
3

5
7

1
3

9
9

8
2

3
7

8
.0

%
(6

.7
%

,
9

.2
%

)
6

.1
%

(4
.9

%
,

7
.3

%
)

7
.1

%
(6

.2
%

,
7

.9
%

)

S
u

b
-t

o
ta

l
2

3
1

6
1

3
2

1
7

2
8

9
4

4
8

9
0

2
1

0
2

5
7

5
9

3
7

1
6

1
9

4
4

.9
%

(2
.6

%
,

7
.1

%
)

2
.7

%
(1

.8
%

,
3

.5
%

)
3

.9
%

(2
.3

%
,

5
.4

%
)

2
0

0
1

–
2

0
0

5

X
ia

n
g

et
a

l.
2

0
0

5
(4

9
)

2
0

0
4

1
2

0
3

9
1

1
2

5
3

2
3

2
9

2
6

0
1

2
6

3
8

6
4

5
.0

%
(4

.6
%

,
5

.4
%

)
2

.3
%

(2
.1

%
,

2
.6

%
)

3
.7

%
(3

.5
%

,
4

.0
%

)

Sh
an

et
a

l.
2

0
1

0
(5

0
)

2
0

0
4

1
0

6
0

2
1

0
5

9
6

2
1

1
9

8
8

4
6

3
4

2
1

1
8

8
8

.0
%

(7
.5

%
,

8
.5

%
)

3
.2

%
(2

.9
%

,
3

.6
%

)
5

.6
%

(5
.3

%
,

5
.9

%
)

C
H

N
S

2
0

0
4

(2
9

)
2

0
0

4
7

7
0

6
9

3
1

4
6

3
2

3
2

3
4

6
3

.0
%

(1
.8

%
,

4
.2

%
)

3
.3

%
(2

.0
%

,
4

.7
%

)
3

.1
%

(2
.2

%
,

4
.0

%
)

C
N

SS
C

H
2

0
0

7
(3

7
)

2
0

0
5

1
1

7
5

7
0

1
1

6
5

8
3

2
3

4
1

5
3

1
0

5
4

4
5

1
2

9
1

5
6

7
3

9
.0

%
(8

.8
%

,
9

.1
%

)
4

.4
%

(4
.3

%
,

4
.5

%
)

6
.7

%
(6

.6
%

,
6

.8
%

)

Li
et

a
l.

2
0

0
5

(3
2

)
2

0
0

2
3

6
5

7
0

3
3

2
5

7
6

9
8

2
7

8
4

8
6

1
2

1
4

6
0

2
.3

%
(2

.2
%

,
2

.5
%

)
1

.8
%

(1
.7

%
,

2
.0

%
)

2
.1

%
(2

.0
%

,
2

.2
%

)

Li
et

a
l.

2
0

0
7

(4
5

)
2

0
0

1
2

8
4

8
2

8
4

0
5

6
8

8
1

3
2

4
8

1
8

0
4

.6
%

(3
.9

%
,

5
.4

%
)

1
.7

%
(1

.2
%

,
2

.2
%

)
3

.2
%

(2
.7

%
,

3
.6

%
)

Z
h

an
g

(b
)

et
a

l.
2

0
1

2
(5

8
)

2
0

0
3

3
5

9
8

2
3

4
4

4
9

7
0

4
3

1
1

9
1

4
7

0
6

2
6

2
0

5
.3

%
(5

.1
%

,
5

.6
%

)
2

.0
%

(1
.9

%
,

2
.2

%
)

3
.7

%
(3

.6
%

,
3

.9
%

)

K
o

et
a

l.
2

0
0

8
(5

9
)

2
0

0
3

–
2

0
0

4
9

7
3

1
1

0
4

2
0

7
7

5
4

4
1

9
5

5
.5

%
(4

.1
%

,
7

.0
%

)
3

.7
%

(2
.6

%
,

4
.8

%
)

4
.6

%
(3

.7
%

,
5

.5
%

)

Pediatric Overweight/Obesity in China

PLOS ONE | www.plosone.org 6 December 2012 | Volume 7 | Issue 12 | e51949



T
a

b
le

2
.

C
o

n
t.

A
u

th
o

r,
y

e
a

r
T

im
e

p
e

ri
o

d
S

a
m

p
le

si
z

e
(n

)
O

b
e

si
ty

(n
)

O
b

e
si

ty
,

P
re

v
a

le
n

ce
,

%
(9

5
%

C
I)

(y
e

a
rs

)
B

o
y

s
G

ir
ls

T
o

ta
l

B
o

y
s

G
ir

ls
T

o
ta

l
B

o
y

s
G

ir
ls

T
o

ta
l

W
e

i
et

a
l.

2
0

0
7

(4
8

)
2

0
0

1
3

0
0

8
4

2
7

9
4

6
5

8
0

3
0

1
6

2
1

1
1

7
7

2
7

9
8

5
.4

%
(5

.1
%

,
5

.6
%

)
4

.2
%

(4
.0

%
,

4
.4

%
)

4
.8

%
(4

.6
%

,
5

.0
%

)

W
an

g
et

a
l.

2
0

0
5

(4
6

)
2

0
0

2
9

3
7

7
9

4
1

7
3

1
7

0
5

2
1

2
2

7
.5

%
(5

.8
%

,
9

.2
%

)
6

.5
%

(4
.8

%
,

8
.3

%
)

7
.0

%
(5

.8
%

,
8

.3
%

)

Z
h

an
g

et
a

l.
2

0
0

3
(4

7
)

2
0

0
2

3
0

9
9

2
9

8
9

6
0

8
8

1
4

8
1

0
8

2
5

6
4

.8
%

(4
.0

%
,

5
.5

%
)

3
.6

%
(2

.9
%

,
4

.3
%

)
4

.2
%

(3
.7

%
,

4
.7

%
)

S
u

b
-t

o
ta

l
2

5
1

4
7

4
2

4
2

5
0

4
4

9
3

9
7

8
1

6
8

0
1

8
5

0
1

2
5

3
0

2
5

.5
%

(3
.7

%
,

7
.3

%
)

3
.3

%
(2

.5
%

,
4

.1
%

)
4

.4
%

(3
.2

%
,

5
.7

%
)

2
0

0
6

–
2

0
1

0

C
H

N
S

2
0

0
6

(2
9

)
2

0
0

6
6

2
6

5
4

8
1

1
7

4
3

3
2

5
5

8
5

.3
%

(3
.5

%
,

7
.0

%
)

4
.6

%
(2

.8
%

,
6

.3
%

)
4

.9
%

(3
.7

%
,

6
.2

%
)

W
an

g
et

a
l.

2
0

0
8

(5
1

)
2

0
0

6
9

4
6

7
8

8
5

3
1

8
3

2
0

8
9

2
5

6
5

1
4

5
7

9
.4

%
(8

.8
%

,
1

0
.0

%
)

6
.4

%
(5

.9
%

,
6

.9
%

)
8

.0
%

(7
.6

%
,

8
.3

%
)

Lv
et

a
l.

2
0

0
9

(5
2

)
2

0
0

6
3

1
2

3
2

8
9

3
6

0
1

6
2

8
4

1
0

3
3

8
7

9
.1

%
(8

.1
%

,
1

0
.1

%
)

3
.6

%
(2

.9
%

,
4

.2
%

)
6

.4
%

(5
.8

%
,

7
.1

%
)

W
u

et
a

l.
2

0
0

8
(5

4
)

2
0

0
7

2
2

0
9

1
9

3
1

4
1

4
0

2
0

7
9

9
3

0
6

9
.4

%
(8

.2
%

,
1

0
.6

%
)

5
.1

%
(4

.1
%

,
6

.1
%

)
7

.4
%

(6
.6

%
,

8
.2

%
)

Z
h

an
g

(b
)

et
a

l.
2

0
1

2
(5

8
)

2
0

0
8

4
4

1
4

8
4

1
4

5
7

8
5

6
0

5
2

9
0

9
1

0
0

8
3

9
1

7
6

.6
%

(6
.4

%
,

6
.8

%
)

2
.4

%
(2

.3
%

,
2

.6
%

)
4

.6
%

(4
.4

%
,

4
.7

%
)

C
h

an
g

et
a

l.
2

0
1

2
(5

5
)

2
0

0
9

7
3

5
6

6
6

3
8

1
3

9
9

4
3

6
2

2
9

2
6

5
4

4
.9

%
(4

.4
%

,
5

.4
%

)
4

.4
%

(3
.9

%
,

4
.9

%
)

4
.7

%
(4

.3
%

,
5

.0
%

)

C
ao

et
a

l.
2

0
1

2
(5

6
)

2
0

0
9

4
4

2
1

1
4

4
7

6
3

8
8

9
7

4
3

0
9

1
1

2
8

2
4

3
7

3
7

.0
%

(6
.8

%
,

7
.2

%
)

2
.9

%
(2

.7
%

,
3

.0
%

)
4

.9
%

(4
.8

%
,

5
.1

%
)

A
n

d
e

g
io

rg
is

h
et

a
l.

2
0

1
2

(5
7

)
2

0
1

0
1

5
5

9
1

5
8

1
3

1
4

0
3

0
6

1
8

7
4

9
3

1
9

.6
%

(1
7

.7
%

,
2

1
.6

%
)

1
1

.8
%

(1
0

.2
%

,
1

3
.4

%
)

1
5

.7
%

(1
4

.4
%

,
1

7
.0

%
)

W
an

g
et

a
l.2

0
1

2
(3

8
)

2
0

1
0

6
0

0
6

0
0

1
2

0
0

8
6

6
4

1
5

0
1

4
.3

%
(1

1
.5

%
,

1
7

.1
%

)
1

0
.7

%
(8

.2
%

,
1

3
.1

%
)

1
2

.5
%

(1
0

.6
%

,
1

4
.4

%
)

Li
u

et
a

l.2
0

1
2

(3
9

)
2

0
1

0
1

2
0

0
1

2
0

0
2

4
0

0
1

3
1

4
0

1
7

1
1

0
.9

%
(9

.2
%

,
1

2
.7

%
)

3
.3

%
(2

.3
%

,
4

.3
%

)
7

.1
%

(6
.1

%
,

8
.2

%
)

Z
h

an
g

(a
)

et
a

l.2
0

1
2

(4
0

)
2

0
1

0
3

7
8

3
3

7
9

4
7

5
7

7
5

9
9

2
7

0
8

6
9

1
5

.8
%

(1
4

.7
%

,
1

7
.0

%
)

7
.1

%
(6

.3
%

,
7

.9
%

)
1

1
.5

%
(1

0
.8

%
,

1
2

.2
%

)

W
an

g
et

a
l.

2
0

1
1

(5
3

)
2

0
0

6
5

0
6

2
4

9
2

2
9

9
8

4
3

5
4

2
0

3
5

5
7

7
.0

%
(6

.3
%

,
7

.7
%

)
4

.1
%

(3
.6

%
,

4
.7

%
)

5
.6

%
(5

.1
%

,
6

.0
%

)

N
T

FC
O

C
.

2
0

0
8

(2
8

)
2

0
0

6
4

5
1

3
9

3
9

6
2

7
8

4
7

6
6

4
0

0
4

2
0

8
6

6
0

9
0

8
.9

%
(8

.6
%

,
9

.1
%

)
5

.3
%

(5
.0

%
,

5
.5

%
)

7
.2

%
(7

.0
%

,
7

.4
%

)

M
a

et
a

l.
2

0
1

1
(6

0
)

2
0

0
8

–
2

0
0

9
4

4
9

8
4

1
5

5
8

6
5

3
2

7
8

2
4

8
5

2
6

6
.2

%
(5

.5
%

,
6

.9
%

)
6

.0
%

(5
.2

%
,

6
.7

%
)

6
.1

%
(5

.6
%

,
6

.6
%

)

S
u

b
-t

o
ta

l
1

7
2

9
8

1
1

6
2

9
6

2
3

3
5

9
4

3
1

3
5

3
6

6
4

7
2

2
0

0
0

8
9

.3
%

(8
.3

%
,

1
0

.4
%

)
5

.3
%

(4
.5

%
,

6
.2

%
)

7
.5

%
(6

.6
%

,
8

.4
%

)

O
v

e
ra

ll
1

1
3

2
7

3
9

1
0

9
2

6
0

8
2

2
2

5
3

4
7

4
8

4
5

3
2

6
2

3
5

7
4

6
8

8
5

.9
%

(5
.1

%
,

6
.6

%
)

3
.4

%
(3

.0
%

,
3

.8
%

)
4

.7
%

(4
.1

%
,

5
.3

%
)

d
o

i:1
0

.1
3

7
1

/j
o

u
rn

al
.p

o
n

e
.0

0
5

1
9

4
9

.t
0

0
2

Pediatric Overweight/Obesity in China

PLOS ONE | www.plosone.org 7 December 2012 | Volume 7 | Issue 12 | e51949



Figure 2. Forest plot of overweight in boys compared with girls (aged, 0–18 years).
doi:10.1371/journal.pone.0051949.g002
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Figure 3. Forest plot of obesity in boys compared with girls (aged 0–18 years).
doi:10.1371/journal.pone.0051949.g003
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Subgroup analysis
For subgroup analyses, the subjects were categorized according

to growth and developmental stages (infancy, toddler, pre-school

age, school age and adolescence; Table S4). The prevalence of

overweight increased from 8.3% (95% CI, 8.0% to 8.6%) in

infancy, 4.2% (95% CI, 4.0% to 4.3%) in toddler and 6.4% (95%

CI, 20.2% to 13.0%) in pre-school age in 1996–2000 to 19.7%

(95% CI, 19.0% to 20.5%) in infancy, 16.1% (95% CI, 9.6% to

22.6%) in toddler and 13.4% (95% CI, 9.2% to 17.7%) in pre-

school age in 2006–2010, with average annual increase rates of

9.0%, 14.4% and 7.7%, respectively. The prevalence of

overweight increased from 1.9% (95% CI, 1.2% to 2.6%) in

school age and 1.8% (95% CI, 20.1% to 3.7%) in adolescence in

1981–1985 to 11.4% (95% CI, 9.4% to 13.4%) in school age and

11.4% (95% CI, 10.2% to 12.6%) in adolescence in 2006–2010,

with average annual increase rates of 7.4% and 7.7%, respectively.

The prevalence of obesity increased from 1.7% (95% CI, 1.5%

to 1.8%) in infancy, 0.4% (95% CI, 0.4% to 0.5%) in toddler and

0.7% (95% CI, 0.6% to 0.8%) in pre-school age in 1986–1990 to

6.0% (95% CI, 5.1% to 6.9%) in infancy, 6.0% (95% CI, 3.0% to

8.9%) in toddler and 6.8% (95% CI, 4.8% to 8.8%) in pre-school

age in 2006–2010, with average annual increase rates of 6.5%,

14.5% and 12.0%, respectively. The prevalence of obesity

increased from 0.5% (95% CI, 0.0% to 0.9%) in school age and

0.3% (95% CI, 20.2% to 0.7%) in adolescence in 1981–1985 to

9.0% (95% CI, 6.8% to 11.2%) in school age and 7.9% (95% CI,

5.6% to 10.3%) in adolescence in 2006–2010, with average annual

increase rates of 12.3% and 14.0%, respectively. Both overweight

and obesity increased more rapidly in the toddler stage than in

other four stages (Tables 3 and S5).

Subgroup analyses were also performed for urban-rural and sex-

specific differences (Table S6). The results demonstrated that

urban boys were more likely to be overweight and obese than

urban girls, rural boys and rural girls, (total OR, 1.57; 95% CI,

1.55–1.60; P,0.00001; total OR, 2.07; 95% CI, 2.03–2.10;

P,0.00001; and total OR, 2.52; 95% CI, 2.47–2.56; P,0.00001,

respectively). The increase in the prevalence of overweight and

obesity was the fastest in urban boys. The prevalence increased

from 5.6% (95% CI, 5.1%–6.2%) for overweight, 3.3% (95% CI,

1.7%–5.0%) for obesity and 9.5% (95% CI, 7.4%–11.6%) for

overweight and obesity in 1991–1995 to 16.0% (95% CI, 9.8%–

22.1%) for overweight, 10.8% (95% CI, 4.4%–17.3%) for obesity

and 26.6% (95% CI, 13.9%–39.2%) for overweight and obesity in

2006–2010. The 2006–2010 values are 2.9, 3.3 and 2.8 times

higher than the corresponding values in 1991–1995, with an

average annual increase rate of 7.2%, 8.2% and 7.1%, respec-

tively.

Analysis of heterogeneity and publication bias
Heterogeneity (I2.50%) in pooled prevalence was high among

the studies on overweight/obesity in children and adolescents. In

2006–2010, the prevalence of overweight ranged from 8.3% to

16.4%, and that of obesity, from 4.9% to 15.7%. Sensitivity

analyses were performed (Appendix S5), and subgroups were

based on difference in sample size, study quality, diagnostic criteria

for overweight/obesity and geographical distribution. The results

showed that all four factors contributed to the heterogeneity

between the studies. Inspection of funnel plots did not reveal an

obvious effect of publication bias, and the Egger test for

publication bias was not statistically significant (P = 0.702 for

studies assessing overweight in boys compared with girls,

Appendix S6; P = 0.244 for studies assessing obesity in boys

compared with girls, Appendix S7).

Discussion

The present meta-analysis indicated that the prevalence of

overweight/obesity has increased significantly among both boys

and girls in China from 1981 to 2010. Similar trends were

observed from infancy to adolescence and in urban and rural

regions. Notably, the prevalence of overweight/obesity increased

more rapidly in toddlers than the other growth and developmental

stages. Additionally, the prevalence of overweight/obesity in-

creased the fastest in urban boys. Sensitivity analyses found that

difference in sample size, study quality, diagnostic criteria for

overweight/obesity and geographical distribution all contributed

Table 3. Subgroup analysis, by development stage, of the prevalence of overweight/obesity in Chinese children and adolescents
aged 0–18 years.

Infancy Toddlers Pre-school children School children Adolescents

Overweight

1981–1985 - - - 1.9% (1.2%, 2.6%) 1.8% (20.1%, 3.7%)

1991–1995 - - - 4.5% (3.4%, 5.6%) 3.5% (2.8%, 4.3%)

1996–2000 8.3% (8.0%, 8.6%) 4.2% (4.0%, 4.3%) 6.4% (20.2%, 13.0%) 8.7% (6.6%, 10.8%) 5.3% (2.4%, 8.2%)

2001–2005 - - 11.7% (10.5%, 12.9%) 14.2% (9.5%, 18.8%) 11.4% (7.5%, 15.3%)

2006–2010 19.7% (19.0%, 20.5%) 16.1% (9.6%, 22.6%) 13.4% (9.2%, 17.7%) 11.4% (9.4%, 13.4%) 11.4% (10.2%, 12.6%)

Total 17.1% (9.6%, 24.5%) 13.7% (3.9%, 23.5%) 11.3% (6.2%, 16.5%) 9.1% (7.4%, 10.9%) 8.0% (6.6%, 9.5%)

Obesity

1981–1985 - - - 0.5% (0.0%, 0.9%) 0.3% (20.2%, 0.7%)

1986–1990 1.7% (1.5%, 1.8%) 0.4% (0.4%, 0.5%) 0.7% (0.6%, 0.8%) - -

1991–1995 - - - 2.6% (2.0%, 3.2%) 1.3% (0.4%, 2.2%)

1996–2000 4.7% (4.5%, 5.0%) 1.4% (1.3%, 1.5%) 4.4% (20.6%, 9.5%) 2.9% (1.2%, 4.7%) 3.5% (0.9%, 6.2%)

2001–2005 4.5% (4.1%, 5.0%) 2.1% (1.9%, 2.3%) 5.3% (3.4%, 7.3%) 5.6% (3.7%, 7.6%) 4.2% (2.8%, 5.5%)

2006–2010 6.0% (5.1%, 6.9%) 6.0% (3.0%, 8.9%) 6.8% (4.8%, 8.8%) 9.0% (6.8%, 11.2%) 7.9% (5.6%, 10.3%)

Total 4.8% (2.9%, 6.7%) 3.8% (2.6%, 5.0%) 5.3% (3.9%, 6.7%) 5.0% (3.9%, 6.1%) 4.2% (3.4%, 5.1%)

doi:10.1371/journal.pone.0051949.t003
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to the heterogeneity between the studies. Funnel plots did not

reveal an obvious effect of publication bias.

Strengths and weaknesses
The problem of overweight/obesity in children and adolescents

has attracted the attention of many Chinese researchers [61], and

led to a number of epidemiological studies, including the four large

national surveys and 23 regional studies assessed in this meta-

analysis. National population-based surveys provide high quality

data but are expensive and time-consuming [62]. Our analysis of

these comprehensive studies describes the trend of overweight/

obesity in children and adolescents in China in the past three

decades and provides insightful data that can be used to inform

decisions regarding policy and guide future scientific inquiry and

experimentation.

Because of concerns about the quality of reporting in these

studies and the possibility of publication bias, we attempted to

detect publication bias by means of funnel plots and the Begg test.

No signs of publication bias could be discovered in the funnel plot,

and the results of the Begg test were not significant. This is the first

meta-analysis to describe the trend in overweight/obesity in

children and adolescents in China. The alarmingly rapid increase

in the rate of overweight/obesity in children and adolescents

warrants immediate intervention. Our results indicate that

intervention strategies need to target high-risk groups, which

include toddlers and urban boys.

This study has a number of potential limitations, and its findings

should be interpreted with some caution. Like most meta-analyses,

we pooled together studies conducted under different circum-

stances in different parts of China among different population

groups. Moreover, some of the studies were not originally intended

to report the prevalence of overweight/obesity in children and

adolescents. There was therefore considerable heterogeneity in the

studies combined. In addition, a specific limitation of our meta-

analysis is related to the difficulty of combining studies that used

four different diagnostic criteria to assess overweight/obesity. This

is directly related to the lack of consensus about the diagnostic

criteria for overweight/obesity. In order to evaluate the sources of

bias in the review, we performed subgroup analyses (Table S6).

The results showed that difference in sample size, study quality,

diagnostic criteria for overweight/obesity and geographical

distribution strongly influenced the prevalence of overweight and

obesity among Chinese children and adolescents, and these factors

may partially explain the between-studies heterogeneity.

The other variables tested did not further explain the

heterogeneity. A number of well-conducted studies were not

included in the pooled analysis, because they did not report

separate results for boys and girls or urban and rural populations.

The exclusion of these studies for these reasons may reduce the

effectiveness of the results of our meta-analysis.

Moreover, all the studies included in our meta-analysis were of

low or medium quality, except for the national surveys NSCO and

CNSSCH, which were of high methodological quality. Therefore,

an adequately powered, high-quality study is required to

investigate the prevalence of overweight and obesity among

Chinese children and adolescents.

Finally, various other factors may also have contributed to the

prevalence of overweight and obesity among Chinese children and

adolescents, such as demographic, behavioral, dietary, social and

economic factors. Hence, further studies should adjust for these

factors and analyze them at different levels.

Explaining the findings
During the past three decades, China has experienced rapid

socio-economic and nutritional transitions, which have led to a

more obesogenic environment (e.g., increase in energy intake and

decrease in physical activity) [63]. The traditional Chinese diet is

shifting toward a diet with high fat, high energy density and low

dietary fiber. Moreover, there has been a proliferation of fast food

restaurants and an increase in activities that lead to reduced

physical activity, such as watching television and playing computer

games [64]. Television viewing besides reducing physical activity

also promotes increased consumption of energy-rich foods through

incessant commercial advertisements [65]. It strongly emphasizes

on rote memorization and evaluates progress by a near-total

reliance on test scores in China’s education system, which lead to

more reading, examinations or/and home works for Chinese

children, less times for physical activities. These changes have

resulted in a rapid increase in the prevalence of overweight/

obesity in children and adolescents.

Sex differences in overweight/obesity were observed in the

present study. Boys showed a higher prevalence of overweight/

obesity than girls, which was consistent with the results of other

Chinese studies [66]. Some studies in Western countries have also

revealed that gender differences in the prevalence of overweight/

obesity were common among children and adolescents [67,68].

Boys and girls differ in body composition, patterns of weight gain,

hormone biology and susceptibility to certain social, ethnic,

genetic, and environmental factors, which led to the gender

differences [69]. These differences in overweight/obesity trends

may be related to the emerging social pressure of a preference for

thinness among girls. Moreover, the traditional, societal preference

for sons, particularly in rural areas, may mean that boys are likely

to enjoy more of the family’s resources [70]. The causes and

consequences of overweight/obesity differ between the sexes.

Thus, proposed interventions for these conditions should account

for these differences.

Urban children and adolescents showed a higher prevalence of

overweight/obesity than rural subjects, which was consistent with

the results of other Chinese studies [71]. Economic development

and changes in dietary patterns might explain these findings.

Socioeconomic status (SES) has been proven to influence the

prevalence of childhood overweight and obesity [72]. In China,

urban residents have a higher SES than rural residents. National

surveys have demonstrated a higher consumption of energy-dense,

animal-based foods in children with a high SES, and a tendency

for urban children to have a lower consumption of fruit and

vegetables [73]. Compared with rural families, urban families own

more televisions, video players and computers. It also seems

probable that the increased use of automobiles, instead of bicycling

or walking, in urban areas is a contributory factor [74]. Urban-

rural differences in developed countries contradict the present

results. The diet of high-SES groups in developed countries usually

contains more vegetables and fruit than that of their low-SES

peers. Thus, high-SES youths are less likely to be obese than their

lower-SES counterparts [75]. Moreover, in developed countries,

rural areas may offer limited opportunities for physical activity in

children and adolescents, unlike urban areas, which have an

abundance of parks and playgrounds [76]. Further subgroup

analyses showed that urban boys were more likely to be

overweight/obese than urban girls, rural boys and rural girls.

Considering the abovementioned urban-rural and sex differences,

urban boys face all the risk factors for overweight/obesity, making

them the highest-risk population in the prevention and control of

overweight/obesity.
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Implications for practice
In 2006–2010, the average annual prevalence of overweight,

obesity, and both overweight and obesity in Chinese children and

adolescents was lower than the corresponding prevalence for

children and adolescents in the United States (16.5%, 16.9% and

31.8%, respectively) for the same period [77]. However, the

average annual rates of increase in overweight and obesity from

1981 to 2010 were faster in China (6.9% and 12.8%, respectively)

than in the United States (3.6% and 3.8%, respectively).

In the last 10 years, the prevalence of obesity/overweight

among boys and girls has only slightly increased in the United

States, from 14.0% and 13.8% in 1999–2000 to 18.6% and 15.0%

in 2009–2010, giving average annual increase rates of 2.9% and

0.8% respectively [77]. In contrast, a rapid increase was seen in

China in the same time frame.

Between 1980 and 2000 in the United States, the prevalence of

overweight/obesity rapidly increased, which led to a growing

public awareness of the epidemic [78]. State-level childhood

obesity-prevention legislation intro duced since 2003 has achieved

great success in preventing overweight/obesity in children and

adolescents, and this may partially explain the slight increase in the

prevalence of obesity/overweight in the United States in the past

decade [79]. No such legislation yet exists in China; the Ministry of

Health has issued guidelines for the prevention and control of

overweight/obesity in Chinese children and adolescents, but these

are rarely adopted in clinical practice [80]. Therefore, a

requirement for the development of research policy and the

introduction of legislation to prevent childhood obesity exists in

China.

In the present study, overweight and obesity increased more

rapidly in toddlers than in other growth and developmental stages.

The toddler stage between 12 and 36 months of life is a critical

period (when the child is transitioning from the all-milk diet of an

infant to the family diet), and is also the period when children

acquire many self-feeding skills [81]. In China, the one-child

policy means that the child becomes the principal source of

affection for two families (the husband’s and the wife’s). The child

is spoiled and usually excessively fed because the parents worry too

much about the child’s growth and development [82]. Social and

environmental influences also impact maternal feeding practices

[83]. In China, many parents like to compare their baby’s weight

with those of other babies, mistakenly believing that heavier

toddlers are healthier toddlers [84]. With the rapid development of

the Chinese economy, parents have easier access to high fat, high

energy dense foods than in the past, which might partially explain

the rapid weight gain in toddlers. Toddlers learn from their

parents about what to eat and why [85]. Parental modeling of

eating habits can help shape children’s values and beliefs related to

food and eating behaviors [86]. Therefore, parents are given

nutrition education to help toddlers develop healthy eating skills,

which will improve the children’s overall health and development

and prevent obesity [87].

Conclusions

The prevalence of overweight/obesity increased significantly

among both boys and girls in China from 1981 to 2010. Similar

trends were observed from infancy to adolescence and in urban and

rural regions. Notably, the prevalence of overweight/obesity

increased more rapidly in toddlers than in infants, pre-school

children, school children and adolescents. Additionally, analysis of

urban-rural and sex differences showed that the prevalence of

overweight/obesity increased the fastest in urban boys. If this rapid

growth persists, the increasing prevalence of overweight/obesity will

be seriously detrimental to China’s healthcare resources and

produce significant increases in the economic costs of obesity and

obesity-related illnesses. Public health prevention strategies are

urgently needed to modify the health behaviors of children and

adolescents in order to reduce the prevalence of overweight and

obesity in China. Further national, population-based surveys on the

prevalence of overweight/obesity in children and adolescents are

required, and these should represent the entire population. Because

overweight/obesity is affected by many factors, such as demo-

graphic, behavioral, dietary, social and economic factors, these

factors should be analyzed and adjusted for in future surveys.
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