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ABSTRACT

Objectives To estimate the prevalence of overweight/
obesity among adolescents and evaluate the associated
factors in this group in Changchun City in northeastern
China.

Methods A cross-sectional study of 1955 adolescents
aged 11-18 years was conducted in Changchun City
using stratified cluster sampling. Parents and caregivers
of children completed the questionnaires as requested
without objection. The questionnaire included demographic
characteristics and anthropometric parameters. Univariate
and multivariate logistic regression analyses were
performed to analyse the relationship between overweight/
obesity and related factors.

Results In total, the prevalence of overweight was 12.7%
(male 17.4%; female 10.1%) and of obesity was 4.9%
(male 8.8%; female 3.1%) in Changchun, Jilin Province.
The prevalence of overweight and obesity was higher

in boys than in girls (p<0.001). Multivariate logistic
regression showed that overweight and obesity were
significantly associated with male sex (OR=1.91, 95%

Cl 1.48 to 2.47), eating fresh fruits more than 2 days per
week (OR=1.41, 95% Cl 1.09 to 1.84) and eating quickly
(OR=1.37, 95% CI 1.06 to 1.78). Students who were not
picky (OR=0.69, 95% CI 0.53 to 0.90) were less likely

to be overweight, and adolescents whose father was
overweight or obese (0R=0.67, 95% Cl 0.52 to 0.86) or
whose mother was overweight or obese (OR=0.72, 95% Cl
0.52 t0 0.99) were less likely to be overweight.
Conclusion The prevalence of overweight and obesity
among adolescents in Changchun has been high in recent
years, and the prevalence was higher among boys than
among girls. Sex, dietary habits (weekly frequency of fruit
consumption, picky eating and slowness in eating) and
parental weight were important factors for overweight
and obesity in adolescents. Further research should be
conducted on the health of adolescents in China, and
further intervention measures should be implemented to
reduce the prevalence of overweight/obesity.

INTRODUCTION

The prevalence of obesity has increased
dramatically among children, adolescents and
adults worldwide in recent decades.' Overall,
the global proportion of adolescents with

Strengths and limitations of this study

» In this cross-sectional study, participants were ran-
domly selected from rural and urban areas by strat-
ified cluster sampling.

» Weight category was defined using age-specific
and sex-specific body mass index cut-off points
specifically developed for the Chinese adolescent
population.

» The influence of confounding factors on the results
was effectively controlled by the multivariate logistic
regression method.

» Missing data from childhood measurements were
handled with a mean imputation technique.

» The content of the questionnaire was mostly re-
called by the parents or guardians and there might
be information bias in this survey.

obesity has increased significantly from just
4% in 1975 to just over 18% in 2016.* There
is compelling evidence revealing a signifi-
cantly higher proportion of overweight or
obese adolescents in recent years, which has
reached alarming levels. Recently, scholars
have conducted many studies on over-
weight and obesity. Overweight and obesity
are predisposing factors for many chronic
diseases, such as type 2 diabetes, cardiovas-
cular diseases, respiratory diseases, musculo-
skeletal disorders and various types of cancer.”
Rong et al' found an association of adolescent
obesity with non-alcoholic fatty liver disease
(NAFLD) and revealed that the incidence
of NAFLD increased with increasing body
weight. Lisan et aP compared patients with
obesity and severe obstructive sleep apnoea
(OSA) with and without prescription of posi-
tive airway pressure (PAP) therapy and found
that participants with PAP prescriptions had
a higher body mass index (BMI) than partic-
ipants not prescribed PAP. It has been esti-
mated that overweight and obesity are the
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fifth leading cause of death worldwide, accounting for
nearly 3.4 million deaths annually.® In addition, obesity is
considered a risk factor for the development of chronic
kidney disease.” In this context, the American Medical
Association classified obesity as a disease to get physicians
to pay more attention to the condition.

In China, the largest developing country, nearly one-
third of adolescents were overweight or obese in 2016,
and the prevalence rate of obesity increased from 0.10%
in 1976 to 8.50% in 2016. Sun et al’ found that the preva-
lence of obesity and of overweight and obesity combined
was 8.1% and 19.2%, respectively, among children and
adolescents aged 7-18. Zhang et al'’ reported that the
prevalence rates of overweight and obesity among primary
school children were 15.2% and 11.7%, respectively, in
Jiangsu Province. Therefore, it is of key importance to
understand the risk factors for overweight and obesity to
prevent adolescents from developing the disease.

We investigated the physical condition of adolescents
aged 11-18 years from six middle schools in Chang-
chun, which is the capital of Jilin Province. The aims of
the current study were to determine the prevalence of
overweight and obesity and to analyse various associated
factors among adolescents with overweight and obesity in
Changchun, Jilin.

METHODS

Subjects

A cross-sectional survey was conducted in Changchun
City, the capital of Jilin Province in northeastern China.
The study sample comprised middle and high school
students from six middle schools (three in urban areas
and three in rural areas), selected randomly using strati-
fied cluster sampling. Overall, 1955 students aged 11-18
years were included in this cross-sectional survey; subjects
with overweight/obesity due to known metabolic and
endocrine diseases were excluded. Students were also
excluded if they had mental or physical impairments
severe enough to cause abnormal behaviours, including
congenital disease, intellectual disability and psychiatric
disorder."" We used the Strengthening the Reporting of
Observational Studies in Epidemiology checklist in this
study.

Data collection

The study was carried out by the First Hospital of Jilin
University in April 2016. The investigation received
informed consent from students and parents. The project
was named ‘Effect and mechanism of weight loss on upper
airway collapsibility in obese patients with Obstructive
Sleep Apnea Syndrome (OSAS)’ and studied the associa-
tions of overweight, obesity and related factors with sleep-
related breathing disorders and snoring in adolescents.
In this database, we focused on the relevant indicators of
overweight and obesity in adolescents and analysed the
risk factors for obesity in adolescents. The interviewers
from the First Hospital of Jilin University helped the

parents or guardians to complete the questionnaire and
provided the data. The questionnaire included demo-
graphic characteristics (age, sex, area, dietary habits,
sleep, exercise, highest parental education, birth history,
BMI classification, paternal weight and maternal weight),
anthropometric parameters (weight, height) and the
Paediatric Sleep Questionnaire-Sleep-Related Breathing
Disorder (PSQ-SRBD). Data about sleep duration and
dietary habits (frequency of fresh fruits consumption,
frequency of dessert consumption, frequency of break-
fast consumption, frequency of fast food consumption,
slowness in eating, picky eating) were selected from the
PSQ-SRBD scale according to various reports'*™* about
adolescent obesity.

Key variables

BMI is used here as an indicator of overweight and
obesity in adolescents and adults. Weight category was
defined using age-specific and sex-specific BMI cut-off
points specifically developed for the Chinese adolescent
population.'”” We used the 85th and 95th percentiles to
define overweight and obesity in adolescents. Therefore,
BMI values of 24 and 28 were used as cut-off points for
overweight and obesity, both for boys and girls aged 18
years, which were consistent with Chinese adults. In our
study, parental overweight was divided into two groups:
normal (BMI <24) and overweight or obese (BMI
>24)."*1% Parents and caregivers provided information on
adolescents’ weight (to the nearest 1 kg) and height (to
the nearest 1 cm). Overall, children were classified by age
into three groups (<13 years, 13-15 years, >15 years), by
region into two groups (urban, rural) and by sex into two
groups (male, female). Participants who slept less than 8
hours over 3 days a week were classified as ‘sleep <8 hours’,
and those who slept more than 10 hours over 3 days a
week were defined as ‘sleep >10 hours’."” Birth history
was divided into three groups: preterm birth (infants
born alive before 37 weeks of pregnancy), full-term birth
(infants born alive after 37 completed weeks to less than
42 completed weeks) and post-term birth (infants born
alive at 42 completed weeks or after).'® Parental educa-
tional level was divided into four groups: primary school
or lower (including those who had never attended school
and those with elementary schooling only), junior high
school, senior high school (including those with 3 years
of secondary vocational schooling) and university or
above."” According to the content of the questionnaire,
we classified participants’ eating habits. According to the
Food Guide Pagoda," fruit intake should be 200-350 g/
day and sugar intake should be no more than 50 g/day,
so we used eating ‘fresh fruits more than two days per
week (350 g/d)’, ‘dessert more than two days per week’,
‘breakfast more than two days per week’ and ‘fast food
more than two days per week’ as cut-offs. Participants who
were classified as ‘picky eating’ were defined as adoles-
cents who had selectivity for a particular kind of food.”
‘Slowness in eating’ was defined as adolescents with
higher masticatory performance and who ate slowly.”!
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Overweight Obesity
PR (%) P value PR (%) P value

=]

Variables

Male 837 17.4 (14.9-20.3) <0.001 8.8 (6.9-11.2) <0.001

Area

Rural 783 12 (9.8-14.5) 5.8 (4.3-7.8)

<13 168 19.3 (13.9-26.1) 0.008 5.1 (2.5-10.3) 0.816

>15 500 15.5 (12.5-19.0) 5.2 (3.4-7.7)

Full-term birth 1621 14.2 (12.5-16.0) 0.014 6.0 (4.9-7.4) 0.285

Post-term birth 71 10.1 (4.9-19.8) 3.1(0.8-11.7)

Yes 1259 12.2 (10.5-14.2) 0.029 4.8 (3.7-6.2) 0.02

Dessert <2 times/week

No 938 14.3 (12.1-16.7) 6.0 (4.6-7.9)

Yes 1478 13.9 (12.2-15.8) 0.185 5.8 (4.7-7.3) 0.491

Fast food <2 times/week

No 1561 13.9 (12.3-15.8) 5.7 (4.6-7.1)

Yes 1174 16.5 (13.8-19.7) 0.004 6.2 (4.5-8.5) 0.496

Picky eating

No 692 11.1 (8.9-13.7) 4.0 (2.7-5.9)

Never 451 15.9 (12.7-19.6) 0.194 4.2 (2.6-6.7) 0.315

Often 896 12.8 (10.7-15.2) 5.8 (4.4-7.7)

Primary school or lower 95 8.0 (3.8-15.8) 0.196 8.0 (3.8-15.8) 0.724

Senior high school 468 15.8 (12.7-19.5) 6.0 (4.1-8.8)

Sleep (hours/night)

8-10 861 13.3(11.1-15.8) 5.6 (4.2-7.5)
Continued
Duan R, et al. BMJ Open 2020;10:¢036820. doi:10.1136/bmjopen-2020-036820 3



Open access

I

Table 1 Continued

Overweight Obesity
Variables n PR (%) P value PR (%) P value
Paternal weight
Normal 827 15.4 (13.1-18.1) 0.018 7.6 (6.0-9.8) 0.002
Ow or ob 998 11.6 (9.6-13.7) 3.8 (2.7-5.4)
Maternal weight
Normal 1099 14.8 (13.0-16.8) 0.006 5.6 (4.4-7.0) 0.807
Ow or ob 726 8.5 (6.1-11.7) 5.8 (3.9-8.7)

Ob, obese; Ow, overweight; PR, prevalence rate.

Groups were formed according to the number of exer-
cise days (aerobic, strength training or both for at least
30 min a day), including never (participate in sports <1
day per week), sometimes (participate in sports 2—-3 days
per week) and often (participate in sports 24 days per
week) .22 %

Statistical analysis

Data input was performed using EpiData V.3.1, and statis-
tical analysis was performed using SPSS V.24.0. Frequency
distributions are used to characterise subjects, and
percentage data are used to report prevalence. The rela-
tionship between each factor and the adolescents’” weight
status was reflected by ¥ tests and univariate and multi-
variate logistic regression. In univariate analysis, when
p<0.10, significant correlation factors were included
in a forward stepwise multivariate logistic regression to
exclude confounding factors. In all analyses, a two-tailed
p value <0.05 was considered statistically significant. Since
the database was manually collated, some variables in the
database had missing values, which resulted in waste and
bias of data resources. The missing value was numeric,
and the data were approximately normally distributed.
The mean interpolation method was adopted in this
study. Therefore, we used the ‘replace missing value’
function in SPSS V.24.0 and selected the ‘mean of nearby
points’ method to interpolate the missing values.

Patient and public involvement

The interviewers from the First Hospital of Jilin University
helped parents or guardians complete the questionnaire
and provided the data. The adolescents were not involved
in the design, recruitment or conduct of the study.

RESULTS

On the basis of the inclusion and exclusion criteria, we
chose 1955 adolescents from Changchun, and of these
adolescents 1825 were finally analysed in this study. Partic-
ipants with missing BMI values were excluded from the
study. Since the survey was already completed, we were
unable to verify the source of data errors, so we deleted
data with missing BMI values. According to the analysis
of the frequency distribution, we found that there were

837 boys and 988 girls included; the median age of the
students was 15.30 years, ranging from 11 to 18 years. Of
these subjects, 42.9% were from rural regions and 57.1%
were from urban regions, and most of the subjects were
Han Chinese, accounting for 98.2%, with only a few
participants with minority ethnicities.

According to the worldwide BMI classification, the
overall prevalence of overweight was 12.7% (male 17.4%;
female 10.1%) and the prevalence of obesity was 4.9%
(male 8.8%; female 3.1%) in Changchun City, Jilin Prov-
ince (table 1). Overweight and obesity rates were both
higher in boys than in girls (p<0.001). A higher preva-
lence of overweight was found in subjects whose ages
ranged from 11 to 12 years, and the prevalence of obesity
was higher in the 13-15 years age group (p=0.008). Chil-
dren from urban areas showed a significantly higher
proportion of overweight. Full-term birth subjects had a
higher prevalence of overweight than others (p=0.014).
In addition, students who ate fruits more than twice a
week (p=0.029), ate slowly (p=0.004) and were picky
(p=0.028) had a higher prevalence of overweight in the
study. Paternal weight (p=0.018) and maternal weight
(p=0.006) also had an effect on children’s weight.

To facilitate regression analysis, we divided the partici-
pants into two groups: underweight/normal weight and
overweight/obese. Table 2 shows the univariate analysis
of correlates of overweight and obesity in adolescents.
As impressively demonstrated in this table, the following
factors all showed significant differences between the
two groups: sex, age, birth history, frequency of eating
fruits, eating habits (slowness in eating, picky eating) and
parental weights (p<0.05). According to the results, we
added all these significant factors to a forward stepwise
multivariate logistic regression model.

Table 3 shows the results of logistic regression models
comparing the prevalence of the potential risk factors: sex,
age, birth history, frequency of eating fruits, dietary habits
(slowness in eating, picky eating) and parental weight.
In this forward stepwise multivariate logistic regression
model, boys were more likely to be overweight and obese
than girls (OR=1.91, 95% CI 1.48 to 2.50). Students aged
13-15 years (OR=0.63, 95% CI0.42 to 0.96) were less likely
to be overweight than those aged 11-12 years. Compared
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Table 2 Univariate analysis of correlates of overweight and
obesity in adolescents in Changchun

Variables P value OR 95% Cl
Sex

Female <0.001 1

Male 2.13 1.66 to 2.72
Area

Urban 0.256 1

Rural 1.15 0.90to 1.47
Age

<13 0.070 1

13-15 0.041 0.67 0.45to0 0.98

>15 0.339 0.81 0.53t0 1.24
Birth history

Full-term birth 0.008 1

Preterm birth 0.004 0.40 0.21t0 0.74

Post-term birth 0.209 0.63 0.31t0 1.29
Fresh fruits <2 times/week

Yes 0.003 1

No 1.46 1.13t0 1.87
Dessert <2 times/week

Yes 1.197 1

No 117 0.92 to 1.49
Breakfast <2 times/week

Yes 0.15 1

No 0.79 0.57 to 1.09
Fast food <2 times/week

Yes 0.135 1

No 1.32 0.92 to 1.91
Slowness in eating

Yes 0.007 1

No 0.71 0.56 to 0.91
Picky eating

Yes 0.004 1

No 0.69 0.53 t0 0.88
Exercise

Never 0.74 1

Sometimes 0.502 0.89 0.64 to 1.25

Often 0.484 0.90 0.67 to 1.21
Highest parental education

Primary school or lower 0.411 1

Junior high school 0.594 1.18 0.65t0 2.14

Senior high school 0.229 1.45 0.79to0 2.68

University or above 0.58 1.19 0.64 to 2.21
Sleep (hours/night)

<8 0.964 1

8-10 0.952 0.99 0.78 to 1.27

>10 0.805 1.08 0.60 to 1.94

Continued

Table 2 Continued

Variables P value OR 95% Cl
Paternal weight

Normal 0.001 1

Ow or ob 0.64 0.51 10 0.83
Maternal weight

Normal 0.011 1

Ow or ob 0.67 0.49 to 0.91

Ob, obese; Ow, overweight.

with full-term birth, preterm birth (OR=0.45, 95% CI 0.24
to 0.85) was associated with normal weight. Participants
who ate fruits more than twice a week (OR=1.41, 95% CI
1.09 to 1.84) were more likely to be overweight or obese.
Moreover, the prevalence of overweight was higher in
students who ate quickly (OR=1.37, 95% CI 1.06 to 1.78)
than those who ate slowly. Compared with picky eaters,
students who were not picky (OR=0.69, 95% CI 0.53 to
0.90) were less likely to be overweight.

DISCUSSION

To describe the epidemiology of overweight and obesity
in Changchun City and analyse the influencing factors in
adolescents, we conducted this survey of middle school
students aged 11-18 years from urban and rural areas. We
found that sex, dietary habits and parental weight had a
significant impact on children’s weight.

Based on the data, we found that the prevalence of
overweight was 12.7% (male 17.4%; female 10.1%) and
of obesity was 4.9% (male 8.8%; female 3.1%) among
adolescents in Changchun City, Jilin Province. However,
in recent studies, the overall prevalence of obesity in
school-aged children in Xi’an was 4.11%, and the rate of
overweight was 6.6% among Nanjing adolescents; these
rates were both lower than the corresponding rates in
Changchun. This difference may be caused by sample size,
sex and age of the studied population.* ** In addition,
demographic distribution and environmental factors are
probable factors.”® The economy in northeastern China
is less developed than in the east and south of China to
some extent.”’ Rates of overweight and obesity in rural
areas were also higher in the north than in the south.”
Depending on the season, people in the north might eat
high-energy foods to combat the cold, which is referred to
‘energy balance related behaviors’.* * In our data, boys
were more often obese than girls, in general, which was in
agreement with previous Chinese reports.”*™* A Swedish
report” predicted that there was an alarming increase in
the prevalence of overweight and obesity among adoles-
cent boys, which was consistent with our finding. On the
one hand, in traditional Chinese culture, the preference
for boys may be the reason for the differences in diet, and
the elderly believe that fat boys are more powerful than
thin boys. On the other hand, well-groomed and fit girls
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Table 3 Multivariate regression analysis of correlates of overweight and obesity in adolescents in Changchun

Variables P value g

SE OR 95% Cl

Sex

Female

Male <0.001 0.65
Age

<13

13-15 0.030

>15 0.121
Birth history

Full-term birth

Preterm birth

Post-term birth
Fresh fruits <2 times/week

—-0.46
-0.35

0.014
0.337

-0.80
-0.36

Yes

No 0.010 0.35
Slowness in eating

Yes

No 0.016 0.32
Picky eating

Yes

No 0.007

Paternal weight

-0.37

Normal

Ow or ob 0.002 -0.41

Maternal weight
Normal
Ow or ob

0.049 -0.32

0.13 1.91 1.48 to 2.50

0.42 to 0.96
0.45t01.10

0.21 0.63
0.23 0.70

0.33 0.45
0.37 0.70

0.24 10 0.85
0.34to 1.45

1.09 to 1.84

0.14 1.41

1.06 to 1.78

0.13 1.37

0.14 0.69

0.53 to 0.90

0.51t0 0.83

0.13 0.67

0.17 0.72 0.53 to 0.99

Ob, obese; Ow, overweight.

are more favoured by Chinese society.”*® Girls also tend
to be more concerned about their weight than boys.

We also found that adolescents who were picky, ate
more fruits in general and ate quickly were more likely to
be overweight or obese according to our survey. In recent
reports,” ** a greater fruit intake was a protective factor
against overweight, which was opposite to our results.
Fructose, which is ubiquitously found in fruit and sugar-
sweetened beverages, is one of the factors contributing
to the rising rates of obesity.”’ * High intake of fructose
may reduce the abundance of the bacterial species Fubac-
terium eligens, reduce metabolism of monosaccharide and
lose the ability to consume large amounts of fat.*' The
fructose intake threshold for adolescents is currently
averaged at 75 g/day. If teenagers get too much fruc-
tose without consuming glycogen in time, fructose will
be converted into fats at a higher rate.* * Based on the
results of our study, it was reasonable to speculate that
the children were already full in addition to the excessive
intake of fruits with high sugar content. Moreover, the
heavy study task in China makes children fail to consume

extra energy through exercise, leading to the possibility
of being overweight. For obese children, parents believe
they can control their weight by increasing fruit intake.
This may also have contributed to the fact that the chil-
dren in our cross-sectional study who ate more fruits were
more likely to be overweight. However, given our inconsis-
tent results with previous findings,”” ** whether the reason
is due to different classifications needs further research.
According to a recent study,” food preference was
an independent risk factor for overweight among chil-
dren. It is known that children who had selectivity for
a particular kind of food would prefer more fast food,
snacks and sugary beverage® and fewer fruits and vege-
tables.*® However, the frequency of dessert and fast food
consumption had no significant effect in our study,
perhaps because the data were provided by parents or
guardians who provided an inaccurate account of how
often their children ate sweets and fast food. Currently,
several studies have considered that food intake is a
primary factor that determines body weight.*™ Li e
al’® concluded that excessive intake of cooking oil might
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be one of the risk factors for overweight. According to a
previous study in Tianjin,*” overweight students preferred
significantly more sweet food and take-out food than
their counterparts with normal weight. The result might
be influenced by many elements, such as peer influence,
food price, convenience, online influence and so on,
based on a recent report.”’ To reduce the prevalence
of overweight and obesity, a series of interventions have
been implemented, such as controlling television time
and increasing sports time.

In our research, we found that if fathers and mothers
were overweight, adolescents were less likely to be over-
weight, which was inconsistent with previous conclu-
sions.”’™* Studies’ *® have found that higher BMI in
fathers increased the risk of overweight/obesity among
boys and girls. However, these findings were not consis-
tent across studies. In a previous study, the researchers
found that the relationship between parents’ and chil-
dren’s BMI did not exist when longitudinal analyses of
changes in BMI over 4 years were performed.’® This may
explain why a short period of periodic surveys alone does
not fully demonstrate a parent—child link to obesity, and
we still need long-term research to further explore the
relationship between the two factors. Berge et af’ found
that overweight or obese parents were more likely to
adopt a strict dietary restriction to prevent adolescent
obesity. Moreover, children’s growing environment and
living habits will also affect their own obesity levels,
which will have an impact on our results.”’ Further
prospective studies that assess both energy expenditure
and energy intake in children are more likely to clarify
this concept.

Some potential limitations exist in this cross-sectional
study. The content of the questionnaire was mostly
recalled by the parents or guardians and there might be
information bias in this survey. In addition, we set the
classification standard of eating fruit frequency as ‘eating
fruit 2 days a week’ combined with the questionnaire data
recalled by the parents or guardians, which may not be
appropriate. Further studies considering different classi-
fications and a quantitative measurement are required.

CONCLUSIONS

In summary, in this cross-sectional study, we found that
the prevalence of overweight and obesity among adoles-
cents in Changchun, Jilin Province was high. Sex, age,
birth history, dietary habits and parental weight were
important factors for overweight and obesity in adoles-
cents. Therefore, reasonable lifestyle and effective weight
control are necessary to prevent overweight and obesity in
adolescents. There are still several limitations to this study,
and we need to obtain more accurate information and
perform more specific analysis. Further research should
be conducted on the health of adolescents in China, and
further intervention measures should be implemented to
reduce the prevalence of overweight and obesity.

Acknowledgements The authors would like to thank all those who helped with
the investigation and the participants.

Contributors RD, CK and HY conceived the study and participated in the design
of the study. HY, JJ and XL collected the data. RD carried out the measurements,
analysed the data and drafted the manuscript. XY and BZ participated in the
coordination of the study and interpreted the data. WB and YL revised the
manuscript. All authors have approved the final article.

Funding This study was supported by the National Key Research and Development
Program (2016YFC1300100) and the National Natural Science Foundation of China
(grant number: 81970081, 81300062).

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval The investigation was conducted by the First Hospital of Jilin
University in April 2016. The study was approved by the ethics committee of the
First Hospital of Jilin University (reference number: 2013-031).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access repository.
Extra data can be accessed via the Dryad Data Repository at http://datadryad.

org/ with the doi:10.5061/dryad.g1jwstgnw. Data referenced in this study are
available in the project titled 'Effect and mechanism of weight loss on upper airway
collapsibility in obese patients with 0SAS'. We selected a portion of the data from
the database, including body measurements of adolescents from six middle schools
in Changchun City. The data that support the findings of this study are available

on request from the corresponding author (HY). The data are not publicly available
because they contain information that could compromise research participants'
privacy or consent.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Haibo Yuan http://orcid.org/0000-0003-4178-1328

REFERENCES

1 Abarca-Gémez L, Abdeen ZA, Hamid ZA, et al. Worldwide trends in
body-mass index, underweight, overweight, and obesity from 1975
to 2016: a pooled analysis of 2416 population-based measurement
studies in 128-9 million children, adolescents, and adults. The Lancet
2017;390:2627-42.

2 World Health Organization. Global health observatory data
repository, 2017. Available: http://apps.who.int/gho/data/view.main.
BMIPLUS2C10-19v?lang=en [Accessed 29 Sep 2017].

3 Jiang Y, Wang J, Wu S, et al. Association between Take-Out food
consumption and obesity among Chinese university students: a
cross-sectional study. Int J Environ Res Public Health 2019;16:1071.

4 Rong Y, Chun-Yan N, Hong-Xin Z, et al. Association of adolescent
obesity with nonalcoholic fatty liver disease and related risk factors in
Xi 'an, China. Ann Hepatol 2018;17:85-91.

5 Lisan Q, Van Sloten T, Marques Vidal P, et al. Association of positive
airway pressure prescription with mortality in patients with obesity
and severe obstructive sleep apnea: the sleep heart health study.
JAMA Otolaryngol Head Neck Surg 2019;145:509.

6 Lai SH, Tsai YW, Chen YC, et al. Obesity, hyperhomocysteinaemia
and risk of chronic kidney disease: a population-based study. Family
Practice 2017;35.

7 Sabanayagam C, Wong TY, Liao J, et al. Body mass index and
preclinical kidney disease in Indian adults aged 40 years and above
without chronic kidney disease. Clin Exp Nephrol 2014;18:919-24.

8 Addo PNO, Nyarko KM, Sackey SO, et al. Prevalence of obesity
and overweight and associated factors among financial institution
workers in Accra Metropolis, Ghana: a cross sectional study. BMC
Res Notes 2015;8:599.

9 Sun H, Ma, Han D, et al. Prevalence and trends in obesity
among China's children and adolescents, 1985-2010. PLoS One
2014;9:e105469.

10 Zhang X, Zhang F, Yang J, et al. Prevalence of overweight and
obesity among primary school-aged children in Jiangsu Province,
China, 2014-2017. PLoS One 2018;13:e0202681.

Duan R, et al. BMJ Open 2020;10:€036820. doi:10.1136/bmjopen-2020-036820


http://datadryad.org/%20with%20the%20doi:10.5061/dryad.g1jwstqnw
http://datadryad.org/%20with%20the%20doi:10.5061/dryad.g1jwstqnw
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4178-1328
http://dx.doi.org/10.1016/S0140-6736(17)32129-3
http://apps.who.int/gho/data/view.main.BMIPLUS2C10-19v?lang=en
http://apps.who.int/gho/data/view.main.BMIPLUS2C10-19v?lang=en
http://dx.doi.org/10.3390/ijerph16061071
http://dx.doi.org/10.5604/01.3001.0010.7538
http://dx.doi.org/10.1001/jamaoto.2019.0281
http://dx.doi.org/10.1007/s10157-014-0945-6
http://dx.doi.org/10.1186/s13104-015-1590-1
http://dx.doi.org/10.1186/s13104-015-1590-1
http://dx.doi.org/10.1371/journal.pone.0105469
http://dx.doi.org/10.1371/journal.pone.0202681

11

12

MaY, Peng L, Kou C, et al. Associations of overweight, obesity and
related factors with sleep-related breathing disorders and snoring
in adolescents: a cross-sectional survey. Int J Environ Res Public
Health 2017;14:194.

Rangan A, Zheng M, Olsen NJ, et al. Shorter sleep duration is
associated with higher energy intake and an increase in BMI
z-score in young children predisposed to overweight. Int J Obes
2018;42:59-64.

Dello Russo M, Ahrens W, De Henauw S, et al. The impact of
adding sugars to milk and fruit on adiposity and diet quality

34

35

36

Li J, Lei J, Wen S, et al. Sex disparity and perception of obesity/
overweight by parents and grandparents. Paediatr Child Health
2014;19:e113-6.

Zhang J, Wang H, Wang Z, et al. Prevalence and stabilizing trends
in overweight and obesity among children and adolescents in China,
2011-2015. BMC Public Health 2018;18:571.

Zhai L, Dong Y, Bai Y, et al. Trends in obesity, overweight, and
malnutrition among children and adolescents in Shenyang, China in
2010 and 2014: a multiple cross-sectional study. BMC Public Health
2017;17:151.

in children: a cross-sectional and longitudinal analysis of the 37 You J, Choo J. Adolescent overweight and obesity: links to
identification and prevention of dietary- and Lifestyle-Induced socioeconomic status and fruit and vegetable intakes. Int J Environ
health effects in children and infants (IDEFICS) study. Nutrients Res Public Health 2016;13:307.

2018;10:1350. 38 Tohill BC, Seymour J, Serdula M, et al. What epidemiologic

14 Wang H, Zhai F. Programme and policy options for preventing studies tell us about the relationship between fruit and vegetable
obesity in China. Obesity Reviews 2013;14:134-40. consumption and body weight. Nutr Rev 2004;62:365-74.

15 Group of China Obesity Task Force. [Body mass index reference 39 QiX, Tester RF, Fructose TRF. Fructose, galactose and glucose - In
norm for screening overweight and obesity in Chinese children and health and disease. Clin Nutr ESPEN 2019;33:18-28.
adolescents]. Zhonghua Liu Xing Bing Xue Za Zhi 2004;25:97-102. 40 Choo VL, Viguiliouk E, Blanco Mejia S, et al. Food sources of

16 Zhou L, Zeng Q, Jin S, et al. The impact of changes in dietary fructose-containing sugars and glycaemic control: systematic
knowledge on adult overweight and obesity in China. PLoS One review and meta-analysis of controlled intervention studies. BMJ
2017;12:¢0179551. 2018;363:k4644. _ o ,

17 Wang R, Zhang P, Gao C, et al. Prevalence of overweight and obesity 41 Jones RB, Alderete TL, Kim JS, et al. High intake of dietary fructose
and some associated factors among adult residents of northeast in overweight/obese teenagers associated with depletion of
China: a cross-sectional study. BMJ Open 2016:6:6010828. Eubacterium and Streptococcus in gut microbiome. Gut Microbes

18 Slack E, Best KE, Rankin J, et al. Maternal obesity classes, preterm 2019;10:712-9. e ) .
and post-term birth: a retrospective analysis of 479,864 births in 42 Lustig RH. Fructose: it's "alcohol without the buzz". Adv Nutr
England. BMC Pregnancy Childbirth 2019;19:434. 2013;4:226-35. .

19 Wang S-S, Lay S, Yu H-N, et al. Dietary guidelines for Chinese 43 AIIer‘EEJG, Ab'et'e I, Astrup A, et al. Starches, sugars and obesity.
residents (2016): comments and comparisons. J Zhejiang Univ Sci B Nutrients 2011;3:341-69.
2016:17:649-56. 44 Xiong L-hua, Wang C-ling, Chen Z-qiu, et :_:zl. [Study 'on_food

20 Antoniou EE, Roefs A, Kremers SPJ, et al. Picky eating and child p;glference and dlletary behawor to ok:/er\./velght/obesny Iln school
;/g‘:%h; S?tzagt)gs :;jct)e;/elopment: a longitudinal study. J Hum Nutr Diet ;hlo%r;;uaanﬁijg(?nzsgggs)(lg e(azuaaggég(u)ézgésg;gmm studyl.

21 Oberle MM, Romero Willson S, Gross AC, et al. Relationships among 45 Sé%e%i;:l;rl:ﬂd- sAcfgi%?Ida;Ir(r:g bfatvﬁg?afg,gfspre;ers?gzle:égattlngmon
child eatiCng beohaviors and household food insecurity in youth with children and adolescents: agcrgss-sectionélpststljdy Nutriengls 9
opesity. ( hild Obes 2019;15:2987305. . ‘ 2020:12:640 ’ :

22 Ly, .Zha." ¥ ang X, etal. Deterrr.unzfmts of childhood overweight and 46 Ferreira RJ, Marques-Vidal PM. Prevalence and determinants of
obesity in China. Br J Nutr 2007;97:210-5. obesity in children in public schools of Sintra, Portugal. Obesity

23 Kelley GA, Ke_lley KS. Exercise and BMI z-score in overweigh.t 2008:16:497-500. ! ’
anq obese children and adolescgnts. protocql for a.systematlc 47 Andegiorgish AK, Wang J, Zhang X, et al. Prevalence of overweight,
;%\qzv‘éarég ?gévg/ork meta-analysis of randomised trials. BM.J Open obesity, and associated risk factors among school children and

;08 : e - L . . adolescents in Tianjin, China. Eur J Pediatr 2012;171:697-703.

24 XuF, LiJ, Ware BS’ et al. Associations of teley|3|on viewing time V\.”th 48 Liu J, Hay J, Faught BE, et al. Family eating and activity habits, diet
excess |b°d.y \vaegrghe}morg g;’b aHn ar;g] rltjlre;l g'ggésfrgggsg‘dems in quality and pre-adolescent overweight and obesity. Public Health
regional mainlan ina. Public Heal utr 2 i11:891-6. 2012:126:532—4.

25 ::n)gn\gnsgr;cgrZZ%L\A&E;jrl('_)r'?:ﬁv)zlz':]cecf]?:a”Zt:i%‘:;&frc’bes'ty 49 An R. Diet quality and physical activity in relation to childhood

- ’ : obesity. Int J Adolesc Med Health 2017;29
2012;171:389-94. ) . 50 Watts AW, Lovato CY, Barr SI, et al. A qualitative study exploring

26 HulL, Huang X, You C, et al. Prevalence of overweight, obesity, how school and community environments shape the food choices of
,"’:"kzggn(‘)':zl ;(?1673':3"22%(1 ggggzy-related risk factors in southern China. adolescents with overweight/obesity. Appetite 2015;95:360-7.

27 LiP Jiang R, Li L, et al. Prevalence and risk factors of metabolic o {\::;?n'?/sl’s::?]l:f gv-gr_\;vlég}ﬁa::d’%beets%, Ifr;;i:gsggsttlsotr;al
syndrome in school adolescents of northeast China. J Pediatr their adolescent offspring - The HUNT study. PLoS One
Endocrinol Metab 2014;27:525-32. PPE

28 ReynOk_iShlt(, Gél Dt; W‘Tel'tor(])EK’ etoég- P';evgacly%r;c%a?g r1|38k factors of 52 'ZFS 1A6V\)1V\'lee?t:§ ?\335 Masse LC. Parent-Adolescent patterns
overweight ana obesity in Lhina. Ubesity y1or1U-1a. of physical activity, sedentary behaviors and sleep among a

29 Zhuo Q, Wang Z, Piao J, et al. Geographic variation in the prevalence sarzp)I/e of overwe&ilght and orgese adolescents. J Fl?hys Ac?HeaIth
of overweight and economic status in Chinese adults. Br J Nutr 2015;12:1469-76.
2009;102:413-8. 53 Brennan L, Walkley J, Wilks R. Parent- and adolescent-reported

30 Jia P, Xue H, Zhang J, et al. Time trend and demographic and barriers to participation in an adolescent overweight and obesity
geographic disparities in childhood obesity prevalence in China— intervention. Obesity 2012;20:1319-24.

Evidence from twenty years of longitudinal data. Int J Environ Res 54 Jiang M-H, Yang Y, Guo X-F, et al. Association between child and
Public Health 2017;14:369. adolescent obesity and parental weight status: a cross-sectional

31 Jia P, Li M, Xue H, et al. School environment and policies, study from rural North China. J Int Med Res 2013;41:1326-32.
child eating behavior and overweight/obesity in urban China: 55 Shafaghi K, Shariff ZM, Taib MNM, et al. Parental body mass index is
tzrz)e1 gh‘il;jg?gdgobesity study in China megacities. Int J Obes associated with adolescent overweight and obesity in Mashhad, Iran.

;41:813-9. Asia Pac J Clin Nutr 2014;23:225-31.

32 Zhang Y, Zhao J, Chu Z, et al. Increasing prevalence of childhood 56 Maffeis C, Talamini G, Tato L. Influence of diet, physical activity and
overweight and obesity in a coastal province in China. Pediatr Obes parents’ obesity on children’s adiposity: a four-year longitudinal
2016;11:e22-6. study. Int J Obes 1998;22:758-64.

33 Eriksson M, Lingfors H, Golsater M. Trends in prevalence of thinness, 57 Berge JM, Meyer CS, Loth K, et al. Parent/Adolescent weight
overweight and obesity among Swedish children and adolescents status concordance and parent feeding practices. Pediatrics
between 2004 and 2015. Acta Paediatr 2018;107:1818-25. 2015;136:€591-8.

8 Duan R, et al. BMJ Open 2020;10:¢036820. doi:10.1136/bmjopen-2020-036820


http://dx.doi.org/10.3390/ijerph14020194
http://dx.doi.org/10.3390/ijerph14020194
http://dx.doi.org/10.1038/ijo.2017.216
http://dx.doi.org/10.3390/nu10101350
http://dx.doi.org/10.1111/obr.12106
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/15132858
http://dx.doi.org/10.1371/journal.pone.0179551
http://dx.doi.org/10.1136/bmjopen-2015-010828
http://dx.doi.org/10.1186/s12884-019-2585-z
http://dx.doi.org/10.1631/jzus.B1600341
http://dx.doi.org/10.1111/jhn.12322
http://dx.doi.org/10.1089/chi.2018.0333
http://dx.doi.org/10.1017/S0007114507280559
http://dx.doi.org/10.1136/bmjopen-2016-011258
http://dx.doi.org/10.1017/S1368980007001280
http://dx.doi.org/10.1007/s00431-011-1566-7
http://dx.doi.org/10.1371/journal.pone.0183934
http://dx.doi.org/10.1515/jpem-2013-0336
http://dx.doi.org/10.1515/jpem-2013-0336
http://dx.doi.org/10.1038/oby.2007.527
http://dx.doi.org/10.1017/S0007114508184732
http://dx.doi.org/10.3390/ijerph14040369
http://dx.doi.org/10.3390/ijerph14040369
http://dx.doi.org/10.1038/ijo.2017.2
http://dx.doi.org/10.1111/ijpo.12070
http://dx.doi.org/10.1111/apa.14356
http://dx.doi.org/10.1093/pch/19.7.e113
http://dx.doi.org/10.1186/s12889-018-5483-9
http://dx.doi.org/10.1186/s12889-017-4072-7
http://dx.doi.org/10.3390/ijerph13030307
http://dx.doi.org/10.3390/ijerph13030307
http://dx.doi.org/10.1111/j.1753-4887.2004.tb00007.x
http://dx.doi.org/10.1016/j.clnesp.2019.07.004
http://dx.doi.org/10.1136/bmj.k4644
http://dx.doi.org/10.1080/19490976.2019.1592420
http://dx.doi.org/10.3945/an.112.002998
http://dx.doi.org/10.3390/nu3030341
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/19173873
http://dx.doi.org/10.3390/nu12030640
http://dx.doi.org/10.1038/oby.2007.74
http://dx.doi.org/10.1007/s00431-011-1636-x
http://dx.doi.org/10.1016/j.puhe.2012.02.012
http://dx.doi.org/10.1515/ijamh-2015-0045
http://dx.doi.org/10.1016/j.appet.2015.07.022
http://dx.doi.org/10.1371/journal.pone.0166585
http://dx.doi.org/10.1123/jpah.2014-0270
http://dx.doi.org/10.1038/oby.2011.358
http://dx.doi.org/10.1177/0300060513480081
http://dx.doi.org/10.6133/apjcn.2014.23.2.11
http://dx.doi.org/10.1038/sj.ijo.0800655
http://dx.doi.org/10.1542/peds.2015-0326

	Prevalence and correlates of overweight and obesity among adolescents in northeastern China: a cross-­sectional ﻿
﻿study
	Abstract
	Introduction﻿﻿
	Methods
	Subjects
	Data collection
	Key variables
	Statistical analysis
	Patient and public involvement

	Results
	Discussion
	Conclusions
	References


