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Objective: To investigate the prevalence and associated factors of childhood overweight/ 
obesity in the Shunyi district of Beijing, China.
Methods: This study adopted a cross-sectional survey and included 10,855 children aged 6– 
18 years in the Shunyi district of Beijing, China. Analyses were stratified by age group (6–8, 
9–11, 12–14, and 15–18 years).
Results: The prevalence of overweight and obesity among children aged 6–18 years was 
high with 17.62% and 29.05% in boys, 17.57% and 18.04% in girls, respectively. Both boys 
and girls aged 9–11 years had the highest rate of obesity in comparison with the other age 
groups, though the differences in children aged 9–11 years and 12–14 years were not 
statistically significant. Compared with age 6–8 years, age 9–11 years (OR=1.59, 95% CI 
1.41–1.79, P<0.01) and 12–14 years (OR=1.26, 95% CI 1.48–1.73, P<0.01) were indepen-
dently positively associated with obesity. Importantly, in all subjects, the percentages of 
being physically active (exercise time ≥120 minutes/week) were lower in children aged 9–11 
years in comparison to children in other age groups. This phenomenon remained when this 
comparison was performed respectively in the normal-weight, overweight, and obesity 
groups. Even after adjustment for other potential confounders, the probability of being 
physically active (exercise time ≥120 minutes/week) was lower in children aged 9–11 
years (OR=0.86, 95% CI 0.78–0.94, P<0.01), but higher in children aged 12–14 years 
(OR=1.91, 95% CI 1.69–2.17, P<0.01) and aged 15–18 years (OR=2.22, 95% CI 1.85– 
2.66, P<0.01), when compared with children aged 6–8 years.
Conclusion: Children aged 9–11 years had a higher prevalence of obesity, but a lower 
percentage of being physically active. Targeted intervention programs in this key group are 
needed to address this problem in China.
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Introduction
Childhood overweight and obesity have reached an alarming level that mandates 
urgent action. According to the data collected from the China Health and Nutrition 
Survey (CHNS), the prevalence of overweight and obesity among children 
increased rapidly between 1997–2011, from 6.5% to 15.5% in boys and from 
4.6% to 10.4% in girls, respectively.1 It is widely known that childhood overweight 
and obesity are associated with a variety of adverse consequences, including 
comorbidities in pulmonary, cardiovascular, gastrointestinal, renal, endocrine, der-
matologic, orthopedic, neurologic, etc.2–4 It is worth noting that with the increased 
prevalence of childhood overweight and obesity, the associated comorbidities have 
also increased.4 Based on a multiyear data file of the National Hospital Discharge 
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Survey in the USA, from 1979–1981 to 1997–1999, obe-
sity-associated annual hospital costs increased more than 
threefold.5 Many factors contribute to the development of 
childhood obesity, which can be divided into two groups, 
unmodifiable factors (eg, genetic factor, endocrine disor-
ders) and modifiable factors (eg, parental determinants, 
individual lifestyle, socioeconomic status). It is thus 
imperative to make a comprehensive view of the risk 
factors to assist with performing effective intervention 
and prevention strategies for overweight and obesity 
among children.

Previous studies have suggested that the prevalence of 
childhood overweight and obesity could be varied in dif-
ferent age span. In Egypt, Abdelkarim showed that chil-
dren aged 9–11 years had a higher prevalence of 
overweight than those aged 6–8 years old.6 Similarly, in 
the USA, Ogden et al reported a significant decrease in the 
obesity rate in children aged 2–5 years old compared with 
children aged 6–11 years and 12–19 years old.7 Up to now, 
in China, several studies have examined the prevalence of 
childhood overweight and obesity in some provinces and 
cities, such as Harbin,8 Jiangsu,9,10 Shandong,11–13 

Guangdong,14 etc. Beijing is the capital and one of the 
most urbanized cities in China. However, only a few stu-
dies have investigated the prevalence of childhood over-
weight and obesity, especially in different periods of 
childhood. Shan et al studied in a total of 21,198 children 
aged 2–18 years in Beijing found that over 20% of chil-
dren in Beijing were overweight or obese.15 Additionally, 
they also reported that physical inactivity was one of the 
key contributors to the increasing prevalence levels of 
childhood overweight and obesity.15 There is a plethora 
of evidence assessing the association between physical 
activity and overweight/obesity in different age groups in 
childhood.16–18 However, evidence in the same study 
population is also lacking to determine if the association 
between physical activity and overweight/obesity varies in 
different age groups in childhood.

With these issues in mind, the objectives of the present 
study were: (1) to estimate the prevalence of childhood 
overweight/obesity, especially in different periods of child-
hood; (2) to assess the contributing factors associated with 
overweight/obesity; (3) to explore the association between 
physical activity and overweight/obesity in different age 
groups in childhood. In our study, overweight was defined 
as BMI >85th but ≤95th, whereas obesity was defined as 
BMI >95th, which according to age- and sex-specific BMI 
cut-off points proposed by the Working Group for Obesity 

in China (WGOC).19 We found that children aged 9–11 
years had a higher prevalence of obesity, but a lower 
percentage of being physically active. Our results may be 
important for taking more targeted and flexible interven-
tion strategies for childhood overweight and obesity in the 
future.

Methods
Study Population
Data for this study were obtained from a cross-sectional 
survey on students’ constitution and health that was car-
ried out in the Shunyi district of Beijing, China. The 
survey covered nine primary schools and five secondary 
schools. All participants answered a self-reported ques-
tionnaire and underwent physical examinations. 
Participants who did not complete the questions in the 
questionnaires, or did not sign the informed consent were 
excluded from the study. After these exclusions, a total of 
10,855 students (5500 boys and 5355 girls) aged 6–18 
years (4179 aged 6–8 years, 3382 aged 9–11 years, 2341 
aged 12–14 years, 953 aged 15–18 years) were recruited in 
this study. The study was performed according to the 
Helsinki Declaration and was approved by the ethics com-
mittee of Beijing Children’s Hospital, Capital Medical 
University. All subjects voluntarily joined this study were 
informed about the interview process and underwent 
a verbal and written informed consent process. Written 
informed consent was received from all children and 
their parents before they participating in the study.

Anthropometric Measurements and 
Definitions
Body weight and height of all children and their parents 
were measured by well-trained health staff by using the 
same type of apparatus and following the same proce-
dures. Briefly, body weight was measured using a scale 
(Tanita HA 503, Tanita Corporation, Tokyo, Japan) to the 
nearest 0.1 kg with subjects wearing lightweight clothing. 
Height was measured with a portable Seca 213 stadiometer 
(Seca GmbH, Hamburg, Germany) to the nearest 0.1 cm 
with subjects in standing position, wearing no shoes. Two 
measurements were obtained and the average was used for 
the analysis (a third measurement was obtained if the first 
two measurements were more than 0.2 kg or 0.2 cm, for 
body weight and height, respectively, and the closest two 
were averaged for analysis). Body mass index (BMI) was 
calculated as the weight in kilograms divided by the height 
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in meters squared (kg/m2). For children, overweight was 
defined as BMI >85th but ≤95th, whereas obesity was 
defined as BMI >95th, which according to age- and sex- 
specific BMI cut-off points recommended by the 
WGOC.19 For parents, obesity was defined as the BMI ≥  
28 kg/m2.20

Questionnaire
Self-reported questionnaires collected information on par-
ental determinants, individual lifestyle, and socioeconomic 
status was filled out by parents. It included questions about 
the children’s age, gender, parent’s BMI (obesity vs not 
obesity),20 parent’s education level (primary school vs 
high school vs university degree vs graduate degree),21 

mother’s glucose level during pregnancy (high vs normal), 
infant breast feeding (yes vs no), birth weight (≥4 kg vs 
<4 kg), household income (<10 ten thousand yuan/year vs 
10–20 ten thousand yuan/year vs 20–30 ten thousand 
yuan/year vs >30 ten thousand yuan/year), siblings (yes 
vs no), frequency of breakfast (<4 times/weeks vs ≥4 
times/week),22 having breakfast at home (yes vs no), hav-
ing dinner with parents (yes vs no), frequency of restaurant 
(<3 times/weeks vs ≥3 times/week), watching TV (<2 
hours/day vs ≥2 hours/day),23 frequency of exercise 
(never vs 1–3 times/week vs 4–6 times/week vs 
every day),24 exercise time (<90 minutes/week, 90–120 
minutes/week, 120–150 minutes/week, ≥ 150 minutes/ 
week), and sleep duration (<9 hours/day vs ≥9 hours/ 
day).25 Mother’s high glucose levels during pregnancy 
were referred to those who were diagnosed as gestational 
diabetes mellitus during pregnancy. All questionnaires 
were checked for completeness at the time of collection 
to ensure high-quality data.

Statistical Analyses
All values were expressed as percentages, and compari-
sons were assessed by the χ2 test. Bivariate regression 
analysis, where a binary variable (either overweight and 
normal or obesity and normal weight) was used as the 
dependent variable and the potential contributing factors 
were used as independent variables was used to assess the 
associations between overweight/obesity and the potential 
contributing factors. The odds ratios (Ors) and the 95% 
confidence intervals (CIs) were obtained with forwarding 
stepwise regression. Univariate and multivariate logistic 
regression analyses were performed to estimate the asso-
ciation between different age groups and exercise time. In 
our analysis, children aged 6–8 years were the reference 

category and were compared with children aged 9–11 
years, 12–14 years, and children aged 15–18 years. 
Multiple variables as potential confounders were adjusted 
in a series of models. Model 1 was adjusted for gender and 
body weight (normal, overweight, obesity). Model 2 was 
additionally adjusted for other potential confounders 
including father BMI (obesity or not obesity), father’s 
education (primary school, high school, university degree 
or graduate degree), mother BMI (obesity or not obesity), 
mother’s education (primary school, high school, univer-
sity degree or graduate degree), mother’s glucose level 
during pregnancy (high or normal), infant breastfeeding 
(yes or no), birth weight ≥4 kg (yes or no), household 
income (<10 ten thousand yuan/year or 10–20 ten thou-
sand yuan/year or 20–30 ten thousand yuan/year or >30 
ten thousand yuan/year) and siblings (yes or no). Model 3 
was additionally adjusted lifestyle confounders, including 
frequency of breakfast (<4 times/weeks or ≥4 times/week), 
having breakfast at home (yes or no), having dinner with 
parents (yes or no), frequency of restaurant (<3 times/ 
weeks or ≥3 times/week), watching TV (<2 hours/day or 
≥2 hours/day) and sleep duration (<9 hours/day or ≥9 
hours/day). All statistical analyses were performed with 
the SPSS version 20.0 for Windows (SPSS Inc, Chicago, 
IL, USA) and graphs were plotted using GraphPad Prism 
version 7.0 (San Diego, CA). P<0.05 was considered to 
indicate statistical significance.

Results
Baseline Characteristics of Study 
Participants
Overall, 10,855 children (6381 normal weight, 1910 over-
weight, 2564 obesity) aged 6–18 years were screened. The 
baseline demographic characteristics and information 
about parental determinants, socioeconomic status, and 
individual lifestyle behaviors for the enrolled participants 
in normal weight, overweight, and obesity groups were 
summarized in Table 1. Children in overweight and obe-
sity groups had significantly higher percentages of chil-
dren aged 9–11 years and 12–14 years, but a lower 
percentage of children aged 6–8 years as compared to 
those in the normal-weight group (P<0.05). The percen-
tages of boys, father obesity, mother obesity, birth weight 
≥4 kg, and exercise time <90 minutes/week were signifi-
cantly higher in the overweight group, and even higher in 
the obesity group when compared with those in the nor-
mal-weight group (P all <0.05). Additionally, subjects in 
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Table 1 Characteristics of the Participants by Weight Status

Characteristics Total 
(n=10,855)

Weight Status P-value*

Normal Weight 
(n=6381)

Overweight 
(n=1910)

Obesity 
(n=2564)

Pa Pb Pc

Age (years) <0.01 <0.01 <0.01
6–8 4179 (38.5%) 2721 (42.6%) 580 (30.4%) 878 (34.2%)

9–11 3382 (31.2%) 1775 (27.8%) 670 (35.1%) 937 (36.5%)

12–14 2341 (21.6%) 1270 (19.9%) 478 (25.0%) 593 (23.1%)
15–18 953 (8.8%) 615 (9.6%) 182 (9.5%) 156 (6.1%)

Sex <0.01 <0.01 <0.01
Boy 5500 (50.7%) 2933 (46.0%) 969 (50.7%) 1598 (62.3%)

Girl 5355 (49.3%) 3448 (54.0%) 941 (49.3%) 966 (37.7%)

Father obesity <0.01 <0.01 <0.01
Yes 2474 (22.8%) 1123 (17.6%) 474 (24.8%) 877 (34.2%)

No 8381 (77.2%) 5258 (82.4%) 1436 (75.2%) 1687 (65.8%)

Father’s education <0.01 <0.01 0.39

Primary school 79 (0.7%) 52 (0.8%) 11 (0.6%) 16 (0.6%)
High School 4505 (41.5%) 2538(39.8%) 853 (44.7%) 1114 (43.4%)

University Degree 5766 (53.1%) 3469 (54.4%) 961 (50.3%) 1336 (52.1%)

Graduated Degree 505 (4.7%) 322 (5.0%) 85 (4.5%) 98 (3.8%)

Mother obesity <0.01 <0.01 <0.01
Yes 917 (8.4%) 350 (5.5%) 195 (10.2%) 372 (14.5%)

No 9938 (91.6%) 6031 (94.5%) 1715 (89.8%) 2192 (85.5%)

Mother’s education <0.01 <0.01 0.43

Primary school 111 (1.0%) 63 (1.0%) 20 (1.0%) 28 (1.1%)

High School 4220 (38.9%) 2395 (37.6%) 806 (42.2%) 1019 (39.8%)
University Degree 6191 (57.0%) 3690 (57.8%) 1043 (54.6%) 1458 (56.9%)

Graduate Degree 333 (3.1%) 233 (3.7%) 41 (2.1%) 59 (2.3%)

Mother’s glucose level during 
pregnancy

0.21 <0.01 <0.01

High 852 (7.8%) 476 (7.5%) 125 (6.5%) 251 (9.8%)
Normal 10,003 (92.2%) 5905 (92.5%) 1785 (93.5%) 2313 (90.2%)

Infant breast feeding 0.47 <0.05 0.33
Yes 7969 (73.4%) 4727 (74.1%) 1399 (73.2%) 1843 (71.9%)

No 2886 (26.6%) 1654 (25.9%) 511 (26.8%) 721 (28.1%)

Birth weight ≥4 kg <0.01 <0.01 <0.01
Yes 1490 (13.7%) 763 (12.0%) 275 (14.4%) 452 (17.6%)

No 9365 (86.3%) 5618 (88.0%) 1635 (85.6%) 2112 (82.4%)

Household income (ten 
thousand yuan/year)

0.07 <0.01 <0.05

<10 3861 (35.6%) 2212 (34.7%) 722 (37.8%) 927 (36.2%)

10–20 4225 (38.9%) 2463 (38.6%) 713 (37.3%) 1049 (40.9%)

20–30 1747 (16.1%) 1072 (16.8%) 291 (15.2%) 384 (15.0%)
>30 1022 (9.4%) 634 (9.9%) 184 (9.6%) 204 (8.0%)

Siblings 1 <0.01 <0.01
Yes 3545 (32.7%) 2167 (34.0%) 649 (34.0%) 729 (28.4%)

No 7310 (67.3%) 4214 (66.0%) 1261 (66.0%) 1835 (71.6%)

(Continued)
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the obesity group had significantly higher percentages of 
high mother’s glucose level during pregnancy, low house-
hold income, having breakfast <4 times/week, watching 
TV ≥2 hours/day, less frequency, and less time of exercise, 
but lower percentages of infant breastfeeding, having sib-
lings and sleep duration ≥9 hours/day in comparison than 
those in the normal weight (P all <0.05).

Prevalence of Overweight and Obesity 
Among Children
Figure 1 shows the prevalence of overweight and obesity 
among Chinese children aged 6–18 years in Beijing. 

According to the WGOC criteria, the overall prevalence 
of overweight was 17.62% in boys and 17.57% in girls. 
Subgroup analyses by age showed that the prevalence of 
overweight among children aged 9–11 years, 12–14 years, 
and 15–18 years were significantly higher than those aged 
6–8 years as shown in Figure 1A (P all <0.05). No sig-
nificant difference was found in the prevalence of over-
weight between boys and girls, not only in the total 
subjects, but also in subjects in different age groups 
(P all >0.05). As depicted in Figure 1B, the overall pre-
valence of obesity was 29.05% in boys and 18.04% in 
girls. Further evaluating the obesity rate in different age 

Table 1 (Continued). 

Characteristics Total 
(n=10,855)

Weight Status P-value*

Normal Weight 
(n=6381)

Overweight 
(n=1910)

Obesity 
(n=2564)

Pa Pb Pc

Frequency of breakfast <0.01 <0.01 0.88

<4 times/week 936 (8.6%) 494 (7.7%) 187 (9.8%) 255 (9.9%)

≥4 times/week 9919 (91.4%) 5887 (92.3%) 1723 (90.2%) 2309 (90.1%)

Having breakfast at home <0.05 0.61 0.15

Yes 8396 (77.3%) 4969 (77.9%) 1443 (75.5%) 1984 (77.4%)
No 2459 (22.7%) 1412 (22.1%) 467 (24.5%) 580 (22.6%)

Having dinner with parents 0.33 0.93 0.49
Yes 7774 (71.6%) 4584 (71.8%) 1351 (70.7%) 1839 (71.7%)

No 3081 (28.4%) 1797 (28.2%) 559 (29.3%) 725 (28.3%)

Frequency of restaurant 0.91 0.67 0.65

<3 times/month 5229 (48.2%) 3080 (48.3%) 925 (48.4%) 1224 (47.7%)
≥3 times/month 5626 (51.8%) 3301 (51.7%) 985 (51.6%) 1340 (52.3%)

Watching TV 0.17 <0.05 0.53
<2 hours/day 9628 (88.7%) 5701 (89.3%) 1684 (88.2%) 2243 (87.5%)

≥2 hours/day 1227 (11.3%) 680 (10.7%) 226 (11.8%) 321 (12.5%)

Frequency of exercise 0.13 <0.01 <0.01
Never 1173 (10.8%) 588 (9.2%) 198 (10.4%) 387 (15.1%)

1–3 times/week 5273 (48.6%) 3036 (47.6%) 925 (48.4%) 1312 (51.2%)
4–6 times/week 2165 (19.9%) 1312 (20.6%) 398 (20.8%) 455 (17.7%)

Everyday 2244 (20.7%) 1445 (22.6%) 389 (20.4%) 410 (16.0%)

Exercise time <0.01 <0.01 <0.01
<90 minutes/week 3409 (31.4%) 1828 (28.6%) 630 (33.0%) 951 (37.1%)

90–120 minutes/week 2875 (26.5%) 1705 (26.7%) 511 (26.8%) 659 (25.7%)
120–150 minutes/week 1731 (15.9%) 1059 (16.6%) 276 (14.5%) 396 (15.4%)

≥150 minutes/week 2840 (26.2%) 1789 (28.0%) 493 (25.8%) 558 (21.8%)

Sleep duration <0.01 <0.01 0.49
<9 hours/day 7741 (71.3%) 4455 (69.8%) 1413 (74.0%) 1873 (73.0%)

≥9 hours/day 3114 (28.7%) 1926 (30.2%) 497 (26.0%) 691 (27.0%)

Notes: *Results from the chi-square test. Pa referred to the comparison between normal weight and overweight. Pb referred to the comparison between normal weight and 
obesity. Pc referred to the comparison between overweight and obesity. Statistically significant (P < 0.05) were marked in bold.
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groups, we noticed that children aged 9–11 years have the 
highest obesity rate, though the differences in obesity rate 
between children aged 9–11 years and children aged 12– 
14 years were not statistically significant. Additionally, we 
found a much higher prevalence of obesity among boys 
than among girls not only for all children but also for 
children in different age groups (P all <0.05).

Factors Associated with Childhood 
Overweight and Obesity
Figure 2 depicts the individual factors associated with the 
prevalence of overweight and obesity among children and 
adolescents. In the multivariate logistic regression analyses, 
men (OR=1.116, 95% CI 1.240–1.378), age (9–11 years 
OR=1.524, 95% CI 1.738–1.981, 12–14 years OR=1.447, 
95% CI 1.725–2.055, 15–18 years OR=1.064, 95% CI 
1.375–1.777), father obesity (OR=1.537, 95% CI 1.857– 
2.243, P<0.01), mother obesity (OR=1.333, 95% CI 
1.510–1.711), birth weight ≥4 kg (OR=1.026, 95% CI 
1.195–1.391), and exercise time (90–120 minutes/week 
OR=0.722, 95% CI 0.843–0.985, 120–150 minutes/week 
OR=0.665, 95% CI 0.786–0.930) were independently asso-
ciated with overweight (P all <0.05) (Figure 2A). As shown 
in Figure 2B, men (OR=1.931, 95% CI 1.748–2.133), age 
(9–11 years OR=1.589, 95% CI 1.413–1.788, 12–14 years 
OR=1.261, 95% CI 1.478–1.733), father obesity 
(OR=2.078, 95% CI 2.317–2.585), mother obesity 
(OR=2.293, 95% CI 2.703–3.188), having siblings 
(OR=0.703, 95% CI 0.783–0.872), high mother’s glucose 
level during pregnancy (OR=1.095, 95% CI 1.299–1.543), 

birth weight ≥4 kg (OR=1.471, 95% CI 1.285–1.684), hav-
ing dinner with parents (OR=0.864, 95% CI 0.768–0.971), 
frequency of exercise (1–3 times/week OR=0.526, 95% CI 
0.429–0.646, 4–6 times/week OR=0.642, 95% CI 0.525– 
0.785, everyday OR=0.760, 95% CI 0.645–0.896), exercise 
time (90–120 minutes/week OR=0.777, 95% CI 0.667– 
0.906, ≥150 minutes/week OR=0.833, 95% CI 0.728– 
0.952) were independently associated with obesity (P all 
<0.05) (Figure 2B). Overall, men, older age, father obesity, 
mother obesity, birth weight ≥4 kg, and physically inactive 
were risk factors for overweight and obesity. Mother’s high 
glucose level during pregnancy was a risk factor for obesity 
while having siblings and having dinner with parents were 
protective factors for obesity.

Association Between Exercise Time and 
Age Among Children
As mentioned above, children aged 9–11 years had a high 
prevalence of overweight/obesity, and exercise time was 
one of the shared factors independently associated with 
childhood overweight/obesity, we further explored the dis-
tribution and percentages of exercise time by weight 
groups in children aged 9–11 years. As shown in 
Figure 3, compared with children in the normal weight 
group, exercise time <90 minutes/week was increased in 
the overweight group, and even gradually increased in the 
obesity group. In contrast, compared with children in the 
normal weight group, exercise time ≥150 minutes/week 
was decreased in the overweight group, and even gradu-
ally decreased in the obesity group (P<0.05) (Figure 3).

Figure 1 The percentage of overweight and obesity (by age group) for boys and girls. aP<0.05 compared with boys; bP<0.05 compared with children aged 6–8 years; cP<0.05 
compared with children aged 9–11 years; dP<0.05 compared with children aged 12–14 years; eP<0.05 compared with children aged 15–18 years.
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Figure 2 Logistic regression analysis of risk factors for overweight/obesity. Multivariate odds ratios (OR) and 95% confidence interval (CI) from bivariate regression models 
were used in the analysis. Variables including age, sex, father obesity, father’s education, mother obesity, mother’s education, mother’s glucose level during pregnancy, infant 
breastfeeding, birth weight ≥4 kg, household income (ten thousand yuan/year), siblings, frequency of breakfast, having breakfast at home, having dinner with parents, 
frequency of restaurant, watching TV, frequency of exercise, exercise time and sleep duration were entered in the model.
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Additionally, after further explored the distribution and 
percentages of exercise time by age groups, we found that 
in all subjects, the percentages of being physically active 
(exercise time ≥120 minutes/week) were lower in children 
aged 9–11 years in comparison to children in other age 
groups (Figure 4A). This phenomenon remained when this 
comparison was performed respectively in the normal- 
weight, overweight, and obesity groups (Figure 4B–D).

To further investigate the association between exercise 
time and age, the unconditional logistic regression analysis 
was performed, and all subjects were stratified into four 
sections according to age (6–8 years, 9–11 years, 12–14 
years, 15–18 years). As presented in Table 2, compared 
with subjects aged 6–8 years, the probability of being 
physically active (exercise time ≥120 minutes/week) was 
decreased by 26.8% in subjects aged 9–11 years, but 
increased by 36.2% and 85.1% in subjects aged 12–14 
years and 15–18 years, respectively (OR=0.732, 95% CI 
0.667–0.804 for 9–11 years; OR=1.362, 95% CI 1.230– 
1.508 for 12–14 years, OR=1.851, 95% CI 1.606–2.134 
for 15–18 years, respectively, P all <0.01). This phenom-
enon has still existed after adjustment for age and body 
weight in Model 1 (OR=0.753, 95% CI 0.685–0.828 for 9– 
11 years; OR=1.411, 95% CI 1.274–1.564 for 12–14 years, 
OR=1.884, 95% CI 1.633–2.173 for 15–18 years, respec-
tively, P all <0.01). After further adjusting father obesity, 
father’s education, mother obesity, mother’s education, 
mother’s glucose level during pregnancy, infant breast-
feeding, birth weight ≥4kg, household income (ten 

thousand yuan/year), and siblings in Model 2, the 
decreased probability of being physically active (exercise 
time ≥120 minutes/week) in subjects aged 9–11 years 
(OR=0.827, 95% CI 0.751–0.911, P<0.01) and the 
increased probabilities observed in subjects aged 12–14 
years and 15–18 years remained (OR=1.829, 95% CI 
1.633–2.050 for 12–14 years, OR=2.350, 95% CI 2.020– 
2.734 for 15–18 years, respectively, P all <0.01). Even 
after adjusting all variables in Model 3, this phenomenon 
was still preserved (OR=0.855, 95% CI 0.775–0.943 for 
9–11 years; OR=1.913, 95% CI 1.687–2.170 for 12–14 
years, OR=2.218, 95% CI 1.852–2.656 for 15–18 years, 
respectively, P all <0.01).

Discussion
Our study found that the prevalence of overweight and 
obesity among children in Beijing were 17.62% and 
29.05% in boys, 17.57% and 18.04% in girls, respectively. 
The prevalence of overweight and obesity in our study 
appeared to be much higher than that in developed coun-
tries. In a systematic analysis conducted by the Global 
Burden of Disease (GBD) 2013, the prevalence of over-
weight and obesity among children and adolescents in 
developed countries in 2013 was reported to be 23.8% in 
boys and 22.6% in girls.26 Comparing with other studies 
conducted in China, the prevalence of overweight and 
obesity estimated in our study also tended to be higher. 
Based on the data from the 2010 Chinese National Surveys 
on Students’ Constitution and Health (CNSSCH), the 

Figure 3 Distribution and percentages of exercise time by weight groups in children aged 9–11 years. * means P<0.05.
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prevalence of overweight and obesity among Chinese chil-
dren aged 7–18 years was 23.4% in boys and 14.5% in 
girls.27 Differences in ethnic and geographical factors 

could partly contribute to the higher prevalence of over-
weight and obesity observed in our study. Additionally, the 
prevalence of overweight and obesity estimated in our 

Table 2 Unconditional Logistic Regression Analysis of Exercise Time According to the Age Group

Exercise Time (Minutes/ 
Week)

Age Group

6–8 Years OR 
(95% CI)

9–11 Years OR 
(95% CI)

12–14 Years OR 
(95% CI)

15–18 Years OR 
(95% CI)

<120/≥120 2449/1730 2229/1153 1193/1148 413/540

Univariate 1.00 (reference) 0.732 (0.667–0.804) 1.362 (1.230–1.508) 1.851 (1.606–2.134)

P <0.01 <0.01 <0.01

Model 1 1.00 (reference) 0.753 (0.685–0.828) 1.411 (1.274–1.564) 1.884 (1.633–2.173)

P <0.01 <0.01 <0.01

Model 2 1.00 (reference) 0.827 (0.751–0.911) 1.829 (1.633 −2.050) 2.350 (2.020–2.734)

P <0.01 <0.01 <0.01

Model 3 1.00 (reference) 0.855 (0.775–0.943) 1.913 (1.687 −2.170) 2.218 (1.852–2.656)

P <0.01 <0.01 <0.01

Notes: Multivariate odds ratios (OR) and 95% confidence intervals (CI) from unconditional logistic regression models were used in the analysis. Model 1: adjusted for 
gender and body weight (normal, overweight, obesity). Model 2: adjusted for Model 1+ father obesity, father’s education, mother obesity, mother’s education, mother’s 
glucose level during pregnancy, infant breast feeding, birth weight ≥4 kg, household income (ten thousand yuan/year) and siblings. Model 3: adjusted for Model 2+ frequency 
of breakfast, having breakfast at home, having dinner with parents, frequency of restaurant, watching TV and sleep duration.

Figure 4 Distribution and percentages of exercise time by age and weight groups.
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study also higher than the previously reported data in 
Beijing, suggesting an increase in recent years. Based on 
our previously published data of 19,593 children aged 6– 
18 years from Beijing in 2004, the estimated prevalence of 
obesity was 12.34% in boys and 7.2% in girls, 
respectively.28 Similarity, Shan et al collected 19,517 chil-
dren aged 6–18 years from Beijing in 2004 found that, 
according to the WGOC reference, the estimated preva-
lence of obesity was 12.4% in boys and 7.1% in girls, 
respectively.15 In 2016, Ding et al recruited a total of 3249 
children aged 6–18 years from the Beijing Child and 
Adolescent Metabolic Syndrome (BCAMS) study and 
reported an estimated prevalence of obesity as 35.1%,29 

which was also lower than the data in our study. The 
alarmingly high prevalence of overweight and obesity 
revealed an urgent need for preventative interventions 
among Chinese children and adolescents.

Additionally, stratified analyses indicated that the pre-
valence of obesity among children and adolescents dif-
fered by gender and age. The prevalence of obesity was 
found higher among boys compared with girls, which was 
similar to the previous studies in other cities in 
China.1,9,30–33 Previous studies by Wang et al found that 
gender differences existed in various obesity-related genes 
in Chinese children, as rs6548238 (TMEM18) was asso-
ciated with four obesity-related indices in boys, but not in 
girls, while rs9939609 (FTO) showed a strong association 
only in girls.34 Besides, following the Chinese cultural 
value, girls usually pursue a slim shape and are more 
likely to control or lose weight compared to boys. This 
may further partly explain the gender difference in obesity 
prevalence. Additionally, our study also found that both in 
girls and boys, 9–11 years age group had a higher pre-
valence of obesity compared to the other age groups. 
Similarly, a study by Zhang et al on Shanghai children 
documented that the prevalence of overweight and obesity 
for both boys and girls peaked at 9–13 years.31 Shan et al 
collected 21,198 children aged 2–18 years old in Beijing 
reported that children aged 10–12 years had higher over-
weight and obesity rates compared with other age 
groups.15 In another study by Ji et al in Guangdong, 
children aged 9–11 years also had higher overweight and 
obesity rates compared with other age groups.14 Given the 
minimum age of onset for adolescence is 8 years for girls 
and 9 years for boys, the age of 9–11 is a critical period for 
the transition from childhood to adolescence. The particu-
lar biological and psychosocial changes may help explain 
why a bigger proportion of obesity is observed among 

children aged 9–11 years. These findings highlighted the 
importance for Chinese policymakers to pay particular 
attention to reducing the high overweight and obesity 
prevalence in 9–11 age group.

Overweight and obesity are the results of complex 
interactions of multiple factors that have gradually led to 
the imbalance between energy intake and energy 
expenditure.35 In the present study, parents’ obesity was 
an individual risk variable affecting childhood overweight 
and obesity. This finding is in line with the study of 
Whitaker et al among 7078 children aged 2–15 years in 
Europe,36 also, the study of Freeman et al among children 
aged 809 years in Australia,37 both of which showed 
a significant relationship between parents’ BMI and chil-
dren’s BMI. Similar results have been reported by 
Danielzik et al on German children, which found that 
parental overweight was the strongest independent risk 
factor of childhood overweight and obesity.38 Moreover, 
a 2-year follow-up study by Xu et al in Chinese school- 
aged children indicated that both maternal and paternal 
obesity was associated with a greater increase in their 
children’s BMI and waist circumstance.39 The influence 
of parental obesity on childhood overweight and obesity 
most likely result from a mixture of genetic and environ-
mental influences.40 Genetic factors are the primary cause 
of the association between parental and childhood over-
weight and obesity, but shared social and nutritional fac-
tors may also play a role. In the present study, birth weight 
≥4 kg was another individual shared risk variable affecting 
childhood overweight and obesity identified in the multi-
variate linear regression analysis. In support of our results, 
Yang et al studied a total number of 30,486 children and 
adolescents aged 6–17 years old found that children with 
birth weight ≥4 kg had a higher risk of abdominal obesity 
in all age groups, with the Ors ranging from 1.27 (95% CI: 
1.03–1.58) to 1.59 (95% CI: 1.29–1.97).41 Intrauterine 
environmental conditions, genetic and lifestyle factors 
may explain partial associations between birth weight 
and the prevalence of overweight and obesity.42 Our 
study also revealed that a high mother’s glucose level 
during pregnancy was an individual risk factor for obesity. 
In another multinational cross-sectional study of 4740 
children aged 9–11 years, maternal gestational diabetes 
mellitus was associated with increased odds of childhood 
obesity.43 However, after additional adjustment for mater-
nal BMI, this association was not significant for general 
obesity.43 Therefore, more studies in the future are needed 
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to confirm the association between the mother’s glucose 
level during pregnancy and childhood obesity.

Previous studies have shown that children with no 
siblings had a higher probability of being obese.44,45 In 
the present study, likewise, we found that children who 
had siblings were less obese after adjustment for various 
confounders in the whole study group. Some studies ver-
ified that the number of siblings may reduce the time, 
energy, and financial resources that parents spend with 
each child,46 and siblings may also decrease the food 
availability for each child, particularly for poor 
families.47 Furthermore, evidence has shown that siblings 
may increase physical activity and reduce sedentary beha-
vior than those without siblings.48 Our findings together 
with others suggest the beneficial effect of siblings in 
reducing childhood obesity risk. Additionally, in the pre-
sent study, we firstly found that children who had dinner 
with their parents were less obese after adjustment for 
various confounders in the whole study group. Parents 
play a vital role in the development of children’s eating 
behaviors by serving as providers (ie, bring food to the 
home), models (ie, show the child how to eat), and reg-
ulators of the food environment (ie, decide what to pur-
chase and serve).49 However, recently, parents spend more 
time working or commuting, and less time having dinner 
at home with their children. One consequence of these 
trends was that the parental supervision and control of 
children’s intake had decreased, with shifts away from 
meals to snacks and from at-home to away-from-home 
consumption.50

Physical exercise is one of the well-known variables 
associated with childhood overweight and obesity.51 

Extending the findings of previous studies, we have 
found that children aged 9–11 years have a lower percen-
tage of being physically active (exercise time ≥120 min-
utes) than children in other age groups. Further 
unconditional logistic regression analysis showed that 
compared with subjects aged 6–8 years, the probability 
of being physically active (exercise time ≥120 minutes) 
was lower in subjects aged 9–11 years, but higher in 
subjects aged 12–14 years and 15–18 years (P all <0.01). 
This phenomenon still existed even after adjustment for 
other confounding factors in Model 3 (OR=0.855, 95% CI 
0.775–0.943 for 9–11 years; OR=1.913, 95% CI 1.687– 
2.170 for 12–14 years, OR=2.218, 95% CI 1.852–2.656 
for 15–18 years, respectively, P all <0.01). In China, 
children aged 9–11 years were mostly in the fourth and 
fifth grades and under the pressure of entering the junior 

middle school from primary school. One explanation is 
that children spent more time on reading or doing home-
work, and thus the time spent on exercise was reduced. As 
children aged 9–11 years had a higher prevalence of obe-
sity, but a lower percentage of being physically active, we 
hypothesized that the reduction in physical activity levels 
in children aged 9–11 years contributes to the age-specific 
high prevalence of obesity, creating a vicious cycle. Our 
findings emphasize the importance of launching effective 
interventions that are designed for children with low levels 
of physical activity, especially for children aged 9–11 
years.

This study has several limitations. First, even though the 
study involved 14 schools, it does not provide 
a representative sample of Beijing, and cannot perfectly 
represent the general overweight/obesity prevalence in 
Beijing. Besides, our sample of school children was from 
only one city, the generalizability of our results may be low. 
Second, the validity and reliability of the questionnaire used 
in the present study were not examined here or in the 
existing studies. Third, all variables from the questionnaires 
were provided based on parental reports and may have recall 
bias and reporting bias, the magnitude of which may be 
different in different age groups. Fourth, this was a cross- 
sectional study, and may have recall bias. Besides, we could 
not make causal inferences due to the cross-sectional design. 
We are collecting follow-up data which would allow us to 
perform longitudinal studies in the future.

In conclusion, this study reported the high prevalence 
of overweight and obesity in children from Beijing. Sex, 
age, parental obesity, birth weight, and exercise time were 
shared factors individually associated with overweight and 
obesity, while siblings, mother’s glucose level during preg-
nancy, having dinner with parents, and frequency of exer-
cise were individually associated with obesity. Children 
aged 9–11 years had a higher prevalence of obesity, but 
a lower percentage of being physically active. Our findings 
could aid the clinical doctors to identify youth at risk of 
overweight and obesity, and have the potential to improve 
intervention strategies to combat the childhood obesity 
epidemic in China.
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