
What factors may contribute to sex differences in childhood
obesity prevalence in China?

Vivian HC Wang1, Jungwon Min2, Hong Xue3, Shufa Du4, Fei Xu5,6, Huijun Wang7 and
Youfa Wang2,8,*
1The Robert F. Wagner Graduate School of Public Service, New York University, New York, NY, USA: 2Systems-
oriented Global Childhood Obesity Intervention Program, Fisher Institute of Health and Well-being, College of
Health, Ball State University, Muncie, IN, USA: 3Department of Health Behavior and Policy, School of Medicine,
Virginia Commonwealth University, Richmond, VA, USA: 4Carolina Population Center, University of North Carolina,
Chapel Hill, NC, USA: 5Nanjing Municipal Center for Disease Control and Prevention, Nanjing, People’s Republic
of China: 6Department of Epidemiology and Biostatistics, School of Public Health, Nanjing Medical University,
Nanjing, People’s Republic of China: 7National Institute for Nutrition and Health, Chinese Center for Disease Control
and Prevention, Beijing, People’s Republic of China: 8Department of Nutrition and Health Sciences, College of
Health, Ball State University, Office: HP 302, Muncie, IN 47306, USA

Submitted 6 June 2017: Final revision received 18 January 2018: Accepted 25 January 2018: First published online 26 February 2018

Abstract
Objective: Previous studies in China showed large sex differences in childhood
overweight and obesity (OW/OB) rates. However, limited research has examined
the cause of these sex differences. The present study aimed to examine individual
and parental/familial factors associated with sex differences in childhood OW/OB
rates in China.
Design: Variables associated with child weight status, beliefs and behaviours, and
obesity-related parenting practices were selected to examine their sex differences
and association with a sex difference in child OW/OB outcomes using logistic
regression analysis.
Setting: Cross-sectional data analysis using the 2011 China Health and Nutrition Survey.
Subjects: Children aged 6–17 years (n 1544) and their parents.
Results: Overall child OW/OB prevalence was 16·8%. Adolescent boys (AB;
12–17 years) were about twice as likely to be overweight/obese as adolescent girls
(AG; 15·5 v. 8·4%, P< 0·05). AB more likely had energy intake exceeding
recommendations, self-perceived underweight, underestimated their body
weight and were satisfied with their physical activity level than AG. AG more
likely practised weight-loss management through diet and self-perceived
overweight than AB. Mothers more likely identified AG’s weight accurately but
underestimated AB’s weight. Stronger associations with risk of childhood OW/OB
were found in boys than girls in dieting to lose weight (OR= 6·7 in boys v. 2·6 in
girls) and combined maternal and child perception of the child’s overweight
(OR= 35·4 in boys v. 14·2 in girls).
Conclusions: Large sex differences in childhood obesity may be related to the sex
disparities in weight-related beliefs and behaviours among children and their
parents in China.
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Over the past three decades, the prevalence of overweight
and obesity (OW/OB) has increased steadily worldwide,
including in China. At present, over 40% of adults
worldwide are overweight or obese(1). Recently, the WHO
called for an international effort to end the global child-
hood obesity epidemic(2). Whereas childhood OW/OB in
some developed countries such as the USA is reported to
have stabilized since in recent years(3), in developing
countries the prevalence of childhood OW/OB has

increased more rapidly, including China(4). The study by
Sun et al. showed a steady increase of approximately one
percentage point rate annually based on a national sur-
vey(5). A nationally representative school-based survey
showed a higher prevalence of childhood obesity among
populations of higher socio-economic status (SES) in an
urban area, compared with populations of lower SES in
a rural area, for both boys (13·0 v. 1·3%) and girls
(6·8 v. 0·8%)(6).
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Lifestyle in China has been redefined through rapid
economic developments with the influx of wealth and
resources, affecting dietary patterns, means of transportation,
and social norms and values. The risk factors for developing
obesity as a result of socio-economic change are similar in
many developing countries. While these socio-economic
risks are commonly observed in overweight and obese
populations among many developing countries, research has
shown a unique pattern of large sex differences in childhood
OW/OB rates in China, but not in other developing coun-
tries. Specifically, Chinese boys are almost twice as likely as
girls to be overweight or obese. In 2010, a large nationally
representative survey of school-aged children reported that
19·0% of boys and 10·9% of girls were overweight or
obese(7).

A good understanding of the factors that contribute to
the sex differences will help guide intervention efforts. Sex
differences in genetic expression and sex-specific physical
outcomes are self-evident, but the sex differences in
acquired behaviours and perceptions vary across cultures
and their influence on childhood obesity remains unclear.
Research has shown that girls naturally require less energy
intake than boys on a biological level(8). On a behavioural
level, girls report being more attentive to food and its
effects on health and weight control(9). On a psychological
level related to body image, girls self-perceive as over-
weight more often than do boys, including Chinese
children(10,11).

Previous research from China indicates that childhood
weight perception, body image and parenting differ by
child sex(11–13). Chinese parents also perceive their chil-
dren’s weight differently by child sex(12). While no studies
have systematically investigated the risk factors to explain
the sex differences in OW/OB rates among children in
China, using recently collected nationwide survey data we
comprehensively examined sex differences in OW/OB
rates by comparing childhood weight-related behaviours
and beliefs, and maternal perception of child weight status
and related behaviours, between boys and girls while
considering sociodemographic characteristics.

Methods

Overview of study design
We used the data from the China Health and Nutrition
Survey (CHNS) to examine risk factors that might help
explain the sex differences in childhood OW/OB-related
measures with a cross-sectional study design, using the
most recent data from 2011. The CHNS is a multipurpose
longitudinal survey conducted since 1989 and now covers
nine provinces and three megacities in China. Although
the CHNS is not designed to be nationally representative, it
covers areas that account for approximately 45% of Chi-
na’s total population varying substantially in geography,
economic development, public resources and health

indicators. The 4400 sampled households with a total of
26 000 individuals were selected based on income level
and random selection of urban and rural communities and
rural villages in each county. The questionnaire focused
on examining various socio-economic factors and people’s
health and nutritional status in China. All participants,
including children and their mothers, were required to
provide a written informed consent for their participation
before they could proceed with the study. More detailed
information about the CHNS is provided elsewhere(14).

For the present study, we selected variables using a
conceptual framework we developed based on the Diet-
ary Guidelines for Americans’ Socio-ecological Framework
for Nutrition and Physical Activity Decisions(15). The fra-
mework describes children’s environment with three
levels, each of which suggests varied influences on deci-
sions around food intake and physical activity: individual,
parental and familial levels. Factors on the individual level
include weight-related behaviours, beliefs and biology.
Parental and familial level include SES, parental weight
status, and parental perception of the child’s weight status
and weight-related behaviours. The selected variables
were incorporated to explore the sex differences in
childhood obesity rates in China. The present study was
approved by the University at Buffalo Institutional Review
Board.

Study subjects
Children aged 6 to 17 years (n 1544) and their mothers
were included in the current study. A total of 2374 children
aged 6–17 years were surveyed for the year 2011 and 35%
of the children were eliminated due to missing and
implausible values for sex, weight, height and total energy
intake. The missing values may be due to the following
reasons: (i) participants were unavailable on the physical
examination day; or (ii) the person doing data entry could
not recognize the figures that health workers/interviewers
recorded. We also eliminated outliers based on the ranges
of plus or minus three standard deviations from the means
of weight, height and total energy intake. Mothers repre-
sented parents to answer selected family-related ques-
tions, including those on parental perceptions of child’s
weight-related behaviours and beliefs.

Measures and key study variables

Classification of childhood overweight, obesity and central
obesity
We assessed child weight status and BMI Z-score. In
CHNS, anthropometrics of the subjects were measured by
trained health workers. BMI was calculated and used to
classify children’s weight status as normal weight, over-
weight or obese using the 2000 International Obesity Task
Force BMI cut-off points(16). Sex- and age-specific BMI
Z-scores were calculated using the US Centers for Disease
Control and Prevention growth chart as a comparison(17).
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Such data specifically for the population in China that
allow calculation of BMI Z-scores were not available at the
time of data analysis.

Children’s weight-related behaviours, beliefs and perception
We identified six variables to represent weight-related
behaviours, beliefs and perception: (i) total energy intake
based on the average of 24 h dietary recalls conducted on
three consecutive days (two weekdays and one weekend
day). All individuals aged 12 years or older provided the
dietary recall data by themselves. Mothers or caregivers of
children who fed or took care of children younger than
12 years provided the data for them. Food models and food
pictures were also used to help participants estimate the
amount of food consumed. In addition to the individual
dietary recalls, the health workers measured all food items
in inventories and compared individual recalls against the
inventories. More details on the approach for comparison
can be found in a related article(18). The individual total
energy intake was compared with the sex- and age-specific
2013 Chinese Dietary Recommended Intake(19);
(ii) frequency of sugar-sweetened beverage intake was
asked as ‘almost every day’, ‘3–4 times a week’, ‘once
or twice a week’, ‘once or twice a month’ and ‘no more than
once a month’. In the present study we consolidated the
categories as often (≥3 drinks/week) and less often
(≤2 drinks/week); (iii) sedentary activity was indicated by
the daily average number of hours spent watching
television (TV) for most of the study subjects who respon-
ded to the survey question. For comparisons, we categor-
ized daily TV time into: <1h, 1–2 h and ≥2 h;
(iv) daily sleep duration was classified using ≥9h as the cut-
off point(20); (v) weight management was assessed through
diet control in the previous year to ‘gain weight’, ‘lose
weight’ or ‘do nothing’; and (vi) children were asked
whether they thought they were ‘underweight’, ‘normal
weight’ or ‘overweight’ to report their self-perception of
weight status.

Maternal weight status and perceptions of their children
Due to some survey questions asking only the mother,
to be consistent, maternal data were representative
of the parental level in the present study. Maternal
weight status was classified using Chinese BMI cut-off
points for overweight (≥24 and <28 kg/m2) and obesity
(≥28 kg/m2)(21).

Mothers were asked to choose: (i) whether they per-
ceived their child’s weight status as underweight, normal
weight or overweight; (ii) whether they were involved in
their child’s weight control-related behaviors as encoura-
ging the child’s weight change through diet or not; and
(iii) whether they perceived their child’s physical activity
level as ‘too little’, ‘too much’ or ‘just the right amount’.

To examine the effect of child weight status on child
and maternal perception of the child’s weight, we
included variables comparing their individual perceptions

(i.e. ‘consistent’, ‘underestimated’ and ‘overestimated’) and
child–mother paired perception (i.e. ‘overweight by both’,
‘non-overweight by both’ and ‘disagreed with each other’)
with the child’s actual weight status.

Socio-economic status and residence area
The SES included parental education level and household
income. Completion of secondary education for parents
was used as a cut-off point: education up to high school v.
college or higher degree. Household income level was
categorized in tertiles: low, medium or high income.
Urban/rural residence area, which is known to be asso-
ciated with the level of access to food and physical
activity, was also considered(14).

Statistical analysis
First, we compared the children’s BMI Z-score and weight
status between girls and boys stratified by child age group,
maternal education and weight status, household income
and urban/rural residence. Then, we examined sex dif-
ferences in children’s weight-related behaviours, including
energy intake, sugar-sweetened beverage consumption,
diet control to manage weight, daily sleep duration and
daily TV viewing time. Next, we examined sex differences
in children’s self-perceived weight, maternal perception of
her child’s weight and the comparison of the perceptions
with the children’s actual body weight using weight status
established by the 2000 International Obesity Task Force
BMI cut-off points. The t test and the χ2 test were used to
assess sex differences and displayed with means and SD or
percentage.

Finally, using separate logistic regression models, we
estimated sex differences in the association between OW/
OB and each of the risk factors found to vary by child sex in
the earlier analyses of child weight-related behaviors and
beliefs and maternal weight status and perception of child
weight with marginally statistical significance (P<0·1) after
adjusting for obesity-related sociodemographics. OR and
95% CI were reported.

Data management and analyses were conducted using
the statistical software packages Stata version 15 and SAS
version 9.3.

Results

Subjects’ characteristics
Of the 1544 children aged 6–17 years, about half were girls
and 40·9% were adolescents (n 631; aged 12–17 years).
Age distributions were similar for girls and boys. More
boys than girls (33·5 v. 29·5%, P= 0·013) lived in the rural
area. Fifteen per cent of the mothers had a bachelor’s or
higher degree. The median monthly household income
was 35 549 RMB (Renminbi, or Chinese Yuan), equivalent
to roughly $US 5356.51 (1 RMB= $UD 0·15 as of 2017).
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Sex differences in child BMI Z-score and
overweight/obesity rates
Mean BMI Z-score was 0·18 (SD 1·46) for boys and −0·11
(SD 1·25) for girls. One in six children was overweight or
obese (OW/OB) and about 5% were obese. Boys had
higher BMI Z-scores and prevalence of OW/OB using the
International Obesity Task Force definition (19·5 v. 14·0%)
than girls (all P< 0·01; Table 1).

Sex differences in BMI Z-score and OW/OB varied by
individual, parental and familial characteristics. Adolescent
boys (12–17 years) were about twice as likely to be OW/
OB as girls (15·5 v. 8·4%), which was not observed among
the younger children aged 6–11 years. Among those
children who lived in urban areas and whose mothers
were OW/OB, boys had significantly higher OW/OB rate
than girls. Yet, children who lived in rural areas and children
with non-OW/OB mothers did not have significant sex dif-
ference in child weight status. Regarding SES, boys were
more likely than girls to be OW/OB if their mothers held up
to a high-school degree, but the likelihood of being OW/OB
was not significantly different for both girls and boys if their
mothers had a college degree or higher.

Sex differences in child weight-related behaviours,
and maternal/child perception of child weight
status and obesity-related behaviours
Table 2 shows sex differences in individual dietary and
weight-related behaviours. There were sex differences in

some behaviours, but inconsistent by age group. Overall,
about one in three children exceeded the energy intake
recommended by the Chinese standard; adolescent boys
were more likely than adolescent girls to consume energy
higher than recommended (39·5 v. 30·0%, P= 0·01) and
young boys were more likely than young girls to drink
sugar-sweetened beverages (24·7 v. 19·1%, P= 0·05).

On the other hand, adolescent girls were less likely to
sleep for ≥9 h daily (31·9 v. 40·9%, P= 0·02) but three
times more likely to modify their diet for weight loss than
boys (14·9 v. 4·1%). Less than 10% of children watched TV
for ≥2 h/d and no sex difference was shown in daily TV
viewing time regardless of age.

Children’s and their mothers’ perception of child weight
status and children’s weight-related behaviors are com-
pared by sex in Table 3. Adolescents and their mothers
had significant sex differences in perceptions of adoles-
cent weight status. Adolescent boys were about twice
more likely to self-perceive underweight (23·3 v. 12·8%)
and underestimate their body weight (23·9 v. 9·4%) than
girls, while girls were more likely to overestimate their
weight than boys (29·6 v. 11·0%). We observed a similar
sex difference in maternal perception of the child weight
status. Boys’ mothers were more likely to perceive
underweight (23·3 v. 13·8%) and underestimate the
child’s weight status (24·4 v. 10·3%) than girls’ mothers,
while girls’ mothers were more likely to have a correct
perception of the child’s weight status than boys’ mothers

Table 1 Sex differences in BMI Z-score and combined prevalence of childhood overweight and obesity (OW/OB) in
Chinese children (n 1544) by age group, socio-economic status and maternal weight status: the 2011 China Health and
Nutrition Survey (CHNS)

BMI Z-score† OW/OB‡

Boys Girls Boys Girls

n§ Mean SD Mean SD P║ % % P║

All 1544 0·18 1·46 −0·11 1·25 <0·001 19·5 14·0 <0·01
Age group
6–11 years 913 0·33 1·60 −0·04 1·38 <0·001 22·3 17·7 0·086
12–17 years 631 −0·04 1·19 −0·20 1·01 0·05 15·5 8·4 <0·01

Maternal weight status¶
Underweight 58 −0·40 1·75 −0·76 1·35 0·38 12·0 12·1 0·98
Normal weight 704 0·04 1·40 −0·14 1·27 0·07 16·5 13·9 0·33
Overweight or obese 427 0·56 1·45 0·20 1·17 <0·01 26·9 17·8 0·02

Maternal education
Up to high school degree 1029 0·11 1·48 −0·14 1·24 <0·01 18·3 13·1 0·02
College or higher 189 0·73 1·15 0·34 1·26 0·02 30·4 23·7 0·29

Household income tertiles
Low 528 0·10 1·50 −0·25 1·26 <0·01 18·9 11·2 0·01
Medium 503 0·07 1·44 −0·19 1·17 0·02 15·8 10·9 0·10
High 484 0·34 1·40 0·14 1·27 0·09 23·2 20·4 0·45

Urban/rural residence
Urban 572 0·34 1·39 0·01 1·17 <0·01 24·0 15·1 <0·01
Rural 972 0·10 1·48 −0·18 1·30 <0·01 17·2 13·2 0·08

†Sex- and age-specific BMI Z-scores were calculated using the US Centers for Disease Control and Prevention growth charts(17).
‡OW/OB is the combined prevalence of overweight and obesity, based on the 2000 International Obesity Task Force BMI cut-off
points(16).
§The sample size differs by variable due to missing data.
║P value indicates the sex difference by the χ2 test or t test; significant P values are indicated in bold.
¶Maternal weight status is based on the Chinese BMI cut-off points for overweight (≥24 and <28 kg/m2) and obese status (≥28 kg/m2) in
adults(21).
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(72·4 v. 67·4%). Additionally, adolescent girls were more
likely than adolescent boys to self-perceive and to be
perceived by their mothers as overweight (11·6 v. 6·6%,
P< 0·01). We found no sex differences in these trends
described above among the younger children.

Sex differences in the associations of individual,
parental and familial factors with the risk of
childhood overweight/obesity
We present sex-specific OR for the association of each risk
factor with childhood OW/OB and the sex difference in the

Table 2 Sex differences in weight-related behaviours of Chinese children (n 1544)† by age group: the 2011 China Health and Nutrition
Survey (CHNS)

Aged 6–11 years Aged 12–17 years

All (%) Boys (%) Girls (%) P‡ All (%) Boys (%) Girls (%) P‡

Total energy intake (n 1477)
Exceeded DRI recommendation§ 30·4 31·3 29·5 0·55 34·9 39·5 30·0 0·01

Sugar-sweetened beverage consumption (n 1377)
Often (≥3 drinks/week) 22·0 24·7 19·1 0·05 27·9 30·6 25·0 0·14
Less often (≤2 drinks/week) 78·0 75·3 80·9 72·1 69·4 75·0

Television time (daily; n 1430)
<1h 27·5 27·3 27·6 0·97 48·3 49·7 46·9 0·70
1–2 h 63·2 63·6 63·0 46·2 44·5 48·0
≥2h 9·3 9·1 9·4 5·5 5·8 5·1

Daily sleep duration (n 1525)
<9h 19·9 21·6 18·2 0·19 63·5 59·1 68·1 0·02
≥9h 80·1 78·4 81·8 36·5 40·9 31·9

Diet change to manage weight in the previous year (n 1497)
Nothing 91·2 91·1 91·3 0·994 86·1 90·9 81·1 <0·001
To lose weight 5·6 5·7 5·5 9·4 4·1 14·9
To gain weight 3·2 3·2 3·2 4·5 5·0 4·0

DRI, Dietary Recommended Intake.
†The sample size differs by variable due to missing data.
‡P value indicates the sex difference by the χ2 test; significant P values are indicated in bold.
§DRI for daily energy intake is sex- and age-specific, based on the Chinese DRIs Handbook, 2013 version(19).

Table 3 Sex differences in children’s and maternal perception of the child’s weight status and related behaviours among Chinese children
(n 1544) by age group: the 2011 China Health and Nutrition Survey (CHNS)

Aged 6–11 years Aged 12–17 years

All (%) Boys (%) Girls (%) P† All (%) Boys (%) Girls (%) P†

Self-perception of body weight (n 1468)
Underweight 22·3 22·9 21·6 0·212 18·2 23·3 12·8 <0·001
Normal weight 66·2 63·9 68·7 63·6 64·1 63·0
Overweight 11·5 13·2 9·7 18·2 12·6 24·2

Child self-perception v. actual body weight (n 1468)
Consistent 61·6 63·4 59·6 0·26 63·1 65·1 60·9 <0·001
Underestimated 25·3 25·2 25·4 16·9 23·9 9·4
Overestimated 13·1 11·4 15·0 20·0 11·0 29·6

Maternal perception of the child’s weight (n 1147)
Underweight 28·6 28·1 29·2 0·39 18·8 23·3 13·8 0·01
Normal weight 59·5 58·3 60·7 70·6 68·2 73·3
Overweight 11·9 13·6 10·1 10·6 8·5 12·9

Maternal perception v. child’s actual body weight (n 1147)
Consistent 60·4 60·1 60·7 0·97 69·8 67·4 72·4 <0·001
Underestimated 29·2 29·6 28·8 17·8 24·4 10·3
Overestimated 10·4 10·3 10·5 12·4 8·2 17·2

Self- and maternal perception of the child’s body weight (n 1097)
Overweight by both 8·8 11·0 6·5 0·11 8·9 6·6 11·6 <0·01
Non-overweight by both 84·5 83·2 86·0 80·3 85·6 74·2
Disagreed with each other 6·7 5·8 7·5 10·8 7·8 14·2

Maternal perception of child’s physical activity level (n 1083)
Too little 39·2 39·7 38·6 0·77 45·6 43·9 47·5 0·21
Too much 7·4 8·0 6·8 3·9 5·3 2·3
Just the right amount 53·4 52·3 54·6 50·5 50·8 50·2

Maternal encouragement to manage weight through diet change
(n 1150)
No 71·1 67·9 74·3 0·07 79·2 79·5 78·9 0·22
Yes 28·9 32·1 25·7 20·8 20·5 21·1

†P value indicates the sex difference by the χ2 test; significant P values are indicated in bold.
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association indicated by sex ratio in Table 4. After adjusting for
child age, maternal education and weight status, household
income and urban/rural residence, boys’ and girls’ diet change
to manage weight and their maternal weight perception of the
child were significant risk factors of childhood OW/OB.

Comparing the effect sizes, boys had a stronger associa-
tion between risk factors and childhood OW/OB than girls,
including diet change to manage weight (OR= 6·74 v. 2·60),
self-perceived overweight (OR=11·68 v. 9·29), perceived
overweight by the mother (OR= 18·18 v. 9·64), self- and
maternal perception of child’s overweight (OR=35·39 v.
14·16) and maternal encouragement to change diet through
weight management (OR= 2·09 v. 1·52). We found a sig-
nificant interaction between sex and several individual and
familial risk factors associated with childhood OW/OB: diet
change to manage weight, child’s self-perception of body
weight and combined maternal and child perception of the
child’s overweight.

Discussion

Using nationwide survey data in China to explore sex
differences in factors associated with childhood OW/OB,
we found that adolescent boys were more likely to be

OW/OB, exhibit behaviors and perceptions susceptible to
weight gain, and more often be underestimated in their
weight status by their mothers than girls. After adjusting
for child age, maternal education and weight status,
household income and urban/rural residence, we found
that the influence of adverse behaviours and perceptions
on childhood OW/OB was stronger in boys than girls.

In our study, the sex difference in OW/OB rate was
significant in the adolescent group, but not in the younger
group. Both boys and girls experience significant physical
and psychological changes in adolescence, during which
their self-identity and body begin to mature(22). The ado-
lescents’ behaviours and perceptions are often reflective of
their values that are shaped by their increasing under-
standing of the world throughout puberty, and generally
differ by sex. For example, girls are more likely to be more
‘cooperative and prosocial’ and consequently to pursue
social approval(23). On the other hand, boys are more
likely oriented by ‘status-oriented goals’, which tend to
cultivate ‘aggressive, self-promoting behavior’(23). As
shown in our findings, the sex differences in adolescent
weight-related beliefs and behaviours were significant and
consistent with those reported in other China-based
studies(11,24,25). For example, a study on Chinese teen-
agers(11) reported that non-overweight girls were more

Table 4 Association of individual and familial risk factors with childhood overweight/obesity (OW/OB) in Chinese children (n 1544)†: the
2011 China Health and Nutrition Survey

OW/OB

Boys Girls

OR 95% CI OR 95% CI Sex ratio (boys:girls)

Total energy intake
Exceed DRI recommendation‡ 1·52 0·98, 2·37 1·44 0·87, 2·38 1·06
At or below DRI recommendation Ref. Ref.

Sugar-sweetened beverage consumption
Often (≥3 drinks/week) 1·48 0·91, 2·40 1·35 0·76, 2·41 1·10
Less often (≤2 drinks/week) Ref. Ref.

Diet change to manage weight
Tried to lose weight 6·74 3·18, 14·28 2·60 1·32, 5·13 2·59*
Others Ref. Ref.

Daily sleep duration
<9 h 1·34 0·84, 2·12 1·56 0·90, 2·71 0·86
≥9 h Ref. Ref.

Self-perception of body weight
Overweight 11·68 6·46, 21·14 9·29 4·94, 17·45 1·26*
Underweight 0·25 0·10, 0·60 0·06 0·01, 0·46
Normal weight Ref. Ref.

Maternal perception of child’s weight
Overweight 18·18 9·25, 35·71 9·64 4·99, 18·61 1·89
Underweight 0·27 0·12, 0·61 0·09 0·02, 0·37
Normal weight Ref. Ref.

Self- and maternal perception of the child’s body weight
Perceived as overweight by both 35·39 15·06, 83·20 14·16 6·72, 29·86 2·50*
Others Ref. Ref.

Maternal encouragement to manage weight through diet change
Yes 2·09 1·33, 3·27 1·52 0·90, 2·55 1·38
No Ref. Ref.

DRI, Dietary Recommended Intake; Ref., reference category.
*P< 0·05, indicating significant interactions between sex and each of the risk factors on the risk of OW/OB in logistic regression analysis.
†Logistic regression models were fit separately for boys and girls and each of the eight variables having marginally significant sex difference (P< 0·1) from
Tables 2 and 3 after adjusting for child age, maternal education and weight status, household income and urban/rural residence area.
‡DRI for daily energy intake is sex- and age-specific, based on the Chinese DRIs Handbook, 2013 version(19).
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likely than boys to self-perceive as overweight while
normal-to-overweight boys were more likely than girls to
self-perceive as overweight. Girls who self-perceived as
overweight were more likely to experience mental distress
symptoms than boys(25). The preferences of girls for
thinness and boys for muscular features likely relate to the
modelling of specific body images portrayed by Chinese
mass media(24,26,27). Obesity intervention programmes
should consider sex differences in Chinese environmental
cues to prevent biased weight-related beliefs and beha-
viours among boys and girls.

Coupled with children’s sex difference in self-perceived
weight, mothers’ weight status and perception of the
child’s weight also differed by child sex. More OW/OB
boys than OW/OB girls were likely to have OW/OB
mothers, but mothers being normal- or underweight were
not associated with the sex difference in childhood obe-
sity. Studies of both developing and developed countries
have identified parental obesity to be one of the risk fac-
tors for childhood obesity(28,29). Boys’ mothers were more
likely to underestimate their child’s weight status than girls’
mothers (24·4% of boys v. 10·3% of girls), while girls’
mothers were more likely to accurately identify their
child’s weight status than boys’ mothers (72·4% of girls v.
67·4% of boys). It is interesting to note that girls’ mothers
were more likely than boys’ mothers to be consistent with
their daughters in perceiving the child’s overweight
(11·6% of girls’ mothers v. 6·6% of boys’ mothers). Bauer
et al. suggest that parents are a critical source of modelling
in dietary intake behaviour for adolescent girls(30), which
could help explain the consistency in overweight per-
ception by the mothers and the daughters. Our results also
confirm the previous findings where parental obesity is
related to childhood obesity and that parenting is asso-
ciated with children’s behaviours and perceptions about
their own weight that differed by child sex.

In addition, we found that sex difference in the OW/OB
outcome was more prevalent among children with lower
SES (i.e. mothers with up to a high school degree and with
low household income) and those who lived in urban areas.
Higher SES in our study was associated with higher OW/OB
prevalence, but sex difference in childhood OW/OB was
significant only among the lower SES group. While obesity is
known to be associated with individual choices to consume
an energy-dense diet and decreased physical activity inde-
pendent of SES(31), parents of low SES may prefer sons to
daughters, be more likely to underestimate boys’ weight,
and provide more energy-dense foods to sons compared
with daughters. A study using school-based nationally
representative data also observed a similar trend in such sex
disparity by residence area. While rural areas in developed
countries are more likely to have OW/OB children than
urban areas(32,33), China and other developing Asian coun-
tries have higher childhood OW/OB rate in urban areas
along with rapid urbanization(34,35). The lifestyle and
environmental risks that come with urbanization include

increased access to high-fat and animal-based foods,
reduced air and water quality, and mental stress(36–38) that
are considered obesogenic factors. This urban–obesogenic
association aligns with our findings where behaviours that
promote excessive weight gain are more common in boys
than in girls. Further studies to examine the association of
economic stability and residence with values around and
perception towards sex differences would benefit urban
planning, to incorporate sex differences as a critical element
of healthy residence in urban areas.

To our knowledge, the present study was the first to
include diverse risk factors regarding individual, parental
and familial characteristics to examine the reasons for sex
differences in childhood obesity in China. We found that
boys had larger associations of self-motivation in weight
management and of self- and maternal perception of child
overweight with the risk of childhood obesity than girls.
Our results suggest that mothers are more inclined to
overlook OW/OB status in their sons than their daughters.
We could not verify the causal relationship of under-
perception of weight status and less motivation in weight
management with a higher risk of childhood obesity
among boys than girls in the present study due to the
cross-sectional design. A longitudinal study will help
confirm whether boys’ undesirable weight perception
and less attempt to manage healthy weight cause a sex
difference in follow-up childhood obesity.

The current study has some limitations. Given its cross-
sectional nature, we cannot infer causality. Also, several
key variables on energy balance, such as time spent on
physical activity, had substantial missing data, which pre-
vented an in-depth investigation of energy expenditure.
However, the study has several strengths. First, we used
data collected from a large nationwide survey, which
included nine provinces and three megacities. Specifically,
the data represent both rural and urban residents and
reflect urbanicity in China as one of the risk factors con-
tributing to childhood obesity. Second, we examined both
child and maternal perceptions on child weight status and
related behaviours for the comprehensive analysis of risk
factors in childhood obesity.

Conclusion

In conclusion, while sex difference is a result of genetic
variation, one’s acquired behaviours and perceptions, often
shaped by unique experiences at the individual, parental
and familial levels, these factors can be modified through
education and changes in external factors. Adolescence is a
critical period in developing healthful behaviours and values
that prevent childhood and likely adult obesity and related
health outcomes. Future childhood obesity prevention
efforts should consider the sex disparity in individual, par-
ental and familial factors through building healthy body
images among children and their parents.
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