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Introduction: Lifestyle changes including COVID-19 lockdown cause weight gain and
may change obesity trends; however, timely changes are largely unknown and monitoring
measures are usually lack. This first large-scale study aimed to analyze the real-world
national trends of obesity prevalence of Chinese children in the past five years, and the
impact of COVID-19 pandemic on pediatric obesity development through both mobile-
and hospital-based data.

Methods: This study included children aged 3 to 19 years old all over China from January
2017 to April 2021. Hospital-measured and parent-reported cases from XIGAO database
were analyzed. Body mass index (BMI) z-score calculation and obesity status evaluation
were made according to Chinese standards. We evaluated obesity/overweight
prevalence over the past five years and the changes of BMI z-score during COVID-19
lockdown.

Results: A total of 656396 children from 31 provinces were involved, including 447481
hospital-measured cases and 208915 parent-reported cases. The obesity and
overweight prevalence were 8.05% (95%Cl 7.76%-8.39%) and 10.06% (95%Cl
10.79%-11.55%), comparable to those of China National Nutrition Surveys during
2015-2019. Northern China had the highest obesity prevalence. Parent-reported data
had higher obesity/overweight prevalence than hospital-measured data (18.3% [95%Cl
17.7%-18.9%] vs. 21.7% [95%Cl 20.7%-23.0%)]). The trend of obesity prevalence
remained stable with slight decrease, but COVID-19 lockdown caused a significant
increase of 1.86% in 2020. Both mobile- and hospital-based data showed weight gain
in the first half of 2020. High BMI z-score increase were found among primary and junior
middle school children, and children in northeast area during lockdown.

Frontiers in Endocrinology | www.frontiersin.org 1

May 2022 | Volume 13 | Article 859245


https://www.frontiersin.org/articles/10.3389/fendo.2022.859245/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.859245/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.859245/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.859245/full
https://www.frontiersin.org/articles/10.3389/fendo.2022.859245/full
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:luofh@fudan.edu.cn
mailto:zhangshaoyan@vip.sina.com
mailto:xu_zhenran@163.com
https://doi.org/10.3389/fendo.2022.859245
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2022.859245
https://www.frontiersin.org/journals/endocrinology
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2022.859245&domain=pdf&date_stamp=2022-05-26

Yang et al.

Pediatric Obesity in China

Conclusion: Weight gain during COVID-19 among Chinese children had regional
differences and mainly affect primary and junior middle school children, thus warrants
targeted interventions. The mobile growth assessment based on parent-reported data
was a feasible, efficient and timely way for obesity monitoring among Chinese children,

especially during epidemic.

Keywords: pediatric obesity, body mass index, children, adolescent, China

INTRODUCTION

Obesity in children and adolescents is a challenging public health
issue, affecting more than 120 million children and adolescents
aged 5-19 years in 2016 (1). In the past 30 years, the national
obesity prevalence of children aged 6-17 in China increased from
1.8%-2.4% in the 1990s to 7.9%-12.7% in 2015-2019 (2).
Excessive calorie intake and inactivity and/or sedentary
behavior increase the body mass index (BMI) and obesity
prevalence of children, which not only lead to the risk of
cardiovascular and metabolic diseases, but also cause
psychological and social complications. The shutdown caused
by COVID-19 pandemic restricted children and adolescents’
outdoor physical activities and changed their living habits
including diet and sleep, resulting in weight gains (3). Both
studies from China regional data (4) or other countries found
significant weight gain during lockdown among school-aged
children and adolescents (5).

Regular growth assessment is an important way to monitor
weight gain of children. Monitoring data can not only help schools
and governments to introduce corresponding countermeasures, but
also remind parents in time to help their children develop a healthy
lifestyle. With the popularization of mobile phones and the Internet,
parents can use mobiles to upload data and assess the growth and
development of their children anytime and anywhere. This
contactless way has become a good method of monitoring during
the epidemic without going to hospitals or schools.

Population-based study about weight changes of children
across China before and after the COVID-19 pandemic was
limited. This study aimed to evaluate the prevalence of obesity of
children and adolescents of all age groups in various regions of
China in the past five years; and the impact of the COVID-19
pandemic on obesity development among children of different
regions and ages in the real-world. Furthermore, we aimed to
evaluate the feasibility of mobile parental-evaluation in the
growth and development monitoring of Chinese children.

METHODS
Study Population

In order to evaluate the changes of growth of Chinese children
and adolescents continuously in the real world, this study
analyzed data from January 2017 to April 2021 from the
XIGAO database, which was developed to monitor the
characteristics and trend of Chinese children’s growth and

development. XIGAO database was developed by Shijiazhuang
Xigao Technology Co., Ltd, which consisted of two parts of data,
part based on hospitals and the other based on mobiles. The
hospital part of the database was built in 2016, and the data
began to be collected from mobiles in 2017. Therefore, this study
only included data after 2017. More than 1500 hospitals in 29
provinces, autonomous regions or municipalities were involved
in the database. Data of outpatient who came to monitor the
growth and development were automatically extracted
and uploaded from the hospital information system to
the database. Furthermore, parents from 31 provinces,
autonomous regions or municipalities all over China could
upload data to XIGAO database on their mobiles through the
QR code displayed in websites, hospitals or during the health
education of schools and kindergartens.

In this study, data including sex, date of birth, date of
measurement, province, height and weight were collected and
analyzed. Cases who were younger than 3 years old or older than
19 years old, lack important information such as sex, height,
weight and age, whose height significantly deviated from the
growth curve (height SDS without + 2SD), or who had
biologically implausible BMI (BMI z-score without + 5SD)
were removed (6).

This study was approved by the ethic committee of
Shijiazhuang Kid Grow Science and Technology Co. Ltd (2021
[8]). The information related to patient identification in this
study was hidden and was not handed over to the researchers.

Measurements and Obesity Definition

Height was accurate to 0.1 cm, and weight was accurate to 0.1 kg.
BMI was calculated as weight (kg) divided by height squared
(m?). We calculated the z-score of BMI, height and weight
according to Chinese data (7, 8).

For children >7 years old, the diagnosis of obesity or overweight
was made according to the Chinese standard (9). For children
between 3-5 years old, BMI z-score >2 was defined as overweight
and BMI z-score >3 was defined as obesity; while for children
between 5-7 years old, BMI z-score 21 was defined as overweight
and BMI z-score >2 was defined as obesity. Underweight children
and adolescents were assigned to the normal category
when analyzing.

Statistical Analysis

Age-, sex- and region-standardized prevalence of obesity and
overweight were calculated based on 2010 China census
population data (10). The trends of prevalence of obesity and
overweight and BMI z-score were also calculated separately by
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sex, age (3-6 years old, 7-11 years old, 12-14 years old and 15-19
years old; children <7 years old were defined as preschool children,
children >7 years old were defined as school-aged) and region
(Central, East, North, Northeast, Northwest, South and Southwest).
Since the COVID-19 epidemic in China was brought under control
after April 2020 and schools in various regions gradually resumed
classes after May 2020 (11); therefore, in order to understand the
short-term impact of the epidemic on weight gain in children and
adolescents, we compared the data in 2019, the first half of 2020,
and the second half of 2020 to evaluate the impact of pandemic.
Student’s ¢ test and y° test were used to compare continuous and
categorical variables. Bland-Altman analysis was used to evaluate
the consistency of hospital- and mobile-based data. A two-sided p
value < 0.05 was considered statistically significant. Statistical
analyses were conducted using the R software program
(version 4.3).

RESULTS

Basic Characteristics

During the study period, a total of 562840 cases from hospital and
325743 participants from mobiles were enrolled in this study.
Finally, a total of 656396 cases were analyzed, including 447481
hospital-measured cases and 208915 parent-reported cases
(Figure 1), with the mean age of 7.22 + 3.18 years. Table 1
showed the general characteristics of the study population.

The mean BMI z-score of the study population was 0.18 + 1.31.
Girls had higher BMI z-score than that of boys (0.20 + 1.30 vs. 0.15
+ 1.33, p < 0.0001). However, the distribution of BMI z-score was
different among different age groups between boys and girls
(Figure 2E). In age group 3-5 years, boys displayed higher BMI
z-score than girls (p < 0.0001), while BMI z-score of girls was higher
than that of boys in age group 6-8 years, 9-11 years, and 12-14
years. Among adolescents aged 15-19, there was no significant
statistical difference of BMI z-score between boys and girls.

Prevalence of Obesity and Overweight
According to Chinese standard, 50534 (7.7%) and 65750 (10.0%)
children and adolescents in the study population were obese and
overweight, respectively. After adjusting age, sex and region, the
standardized prevalence of obesity and obesity/overweight in the
study population was 8.05% (95%CI 7.76%-8.39%) and 19.19%
(95%CI 18.73%-19.70%).

Boys had higher standardized prevalence of obesity than girls
(9.03% [95%CI 8.65%-9.46%] vs. 6.91% [95%CI 6.46%—7.47%)).
Children in the north area of China presented the highest
standardized prevalence of obesity (10.85% [95%CI 9.37%-
12.73%]), and followed by the northeast area of China (9.48%
[95%CI 8.98%-10.04%]); while the south (6.16% [95% 5.75%—
6.61%]) and southwest (6.68% [95%CI 6.41%-7.31%]) region
had the lowest obesity prevalence (Supplementary Table S1 and
Figures 2A, B).

The obesity prevalence changed with ages. It first increased
significantly after the age of four, reached the peak at the age of
eight, then slowly declined between 9-14 years old, and finally
raised again at the age of 15 (Figure 2C). The overall change trend
of the prevalence of obesity/overweight was similar to the
prevalence of obesity, but it always showed a high level after the
age of eight.

Trends of Obesity Prevalence and

BMI z-Score

Despite the significant increase in 2020 due to COVID-19
lockdown, the prevalence of obesity and obesity/overweight
among Chinese children and adolescents showed a steadily
decrease trend (Figure 2D). Compared with 2017-2018, the
prevalence of obesity and obesity/overweight in 2019 was
decreased by 0.26% and 0.87% respectively. Although increased to
9.53% in 2020, with the increase of 1.86%, the prevalence of obesity
returned to 7.76% in the first four months of 2021, which was close
to that in 2019.

Hospital Information System

562480
j—-| 46305 |

516175

515776
515771

3-19 years

Within study period
(Jan. 2017 — Apr. 2021)

With complete data

Mobile Terminal

325743

264259

205
264054
435

263619

Within the growth curve®

Height SDS <-2 or >2:67282
BMI z-score <-5 or >5: 1008

Height SDS <-2 or >2:35716
BMI z-score <-5 or >5: 14215

447481

De-duplication® 0
447481

213688

4773
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FIGURE 1 | Flow chart of sampling procedure. *To remove the cases that might had growth disorder, we only included the cases whose height age- and sex-
specific SDS was between +2. Then cases with BMI z-score higher than 5 or lower than -5 were excluded in order to excluded incorrect entries and weight
abnormalities that might be secondary to other diseases. PEach child had a unique ID. Cases that repeatedly registered data in both the hospital database and the
mobile database were regarded as repeated cases, and data from mobiles were excluded.
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TABLE 1 | General characteristics of the study population.

Total (n = 656396) Female (n = 321973) Male (n = 334423) P*

Age (years) 7.22 (3.18) 7.30 (2.96) 7.24 (3.39) < 0.0001
Age groups (years) < 0.0001

3-6 363466 (55.4%) 167364 (52.0%) 196102 (58.6%)

7-11 230412 (35.1%) 133112 (41.3%) 97300 (29.1%)

12-14 53328 (8.1%) 18353 (5.7%) 34975 (10.5%)

15-19 9190 (1.4%) 3144 (1.0%) 6046 (1.8%)
Region* < 0.0001

Central 61046 (9.3%) 29099 (9.0%) 31947 (9.6%)

East 170941 (26.0%) 83280 (25.9%) 87661 (26.2%)

North 161040 (24.5%) 77798 (24.2%) 83242 (24.9%)

Northeast 14202 (2.2%) 6883 (2.1%) 7319 (2.2%)

Northwest 6809 (1.0%) 3368 (1.0%) 3441 (1.0%)

South 140042 (21.6%) 73276 (22.8%) 66766 (20.0%)

Southwest 65651 (10.0%) 32434 (10.1%) 33217 (9.9%)
BMI z-score 0.18 (1.31) 0.20 (1.30) 0.15 (1.33) < 0.0001
Obesity status < 0.0001

Obesity 50534 (7.7%) 22467 (7.0%) 28067 (8.4%)

Overweight 65750 (10.0%) 30278 (9.4%) 35472 (10.6%)

Obesity/Overweight 116284 (17.7%) 52745 (16.4%) 53539 (19.0%)

Data were n (%) or mean (SD). BMI, body-mass index.
36665 cases from mobiles didn’t have exact province. *p value for difference in different sexes.

Prevalence of Obesity

Prevalence of Obesity/Overweight
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FIGURE 2 | Characteristics of the standardized prevalence of obesity and overweight and BMI z-score. (A) The standardized prevalence of obesity by province. (B) The
standardized prevalence of obesity and overweight by province. The prevalence was standardized by sex and age in different provinces. This study didn’t included children in
Taiwan, Hong Kong and Macao. Cases in Tibet Autonomous Region and Qinghai province were limited thus were not included in the map. (C) Trajectories of the prevalence
of obesity and overweight by age. (D) Trends of the prevalence of obesity and overweight. The prevalence was standardized by sex and age. The band indicated 95% Cl.
(E) BMI z-score of different sexes and ages. Black points indicated the mean of BMI z-score of different groups.
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However, BMI z-score of children and adolescents increased in
the past five years (Supplementary Figure 1). Compared with the
lowest level in 2019, with 0.09 + 1.35, the mean BMI z-score
increased to 0.23 + 1.34 in 2020 and continued to reach 0.27 + 1.23
in the first four months of 2021. But the changes of BMI z-score had
sex, age and region characteristics, and were related with COVID-19
pandemic shutdown.

For preschool children, a significant increase of the mean of BMI
z-score was found in the first four months of 2021; while BMI z-
score increased significantly among school-aged children and
adolescents in the year of 2020, and a slight decrease was found
in 2021 (Supplementary Table S2).

Further analyzing the influence of COVID-19 lockdown on the
changes of BMI z-score, we found that children aged 7-11 years old
were most effected by the lockdown with the increase of 0.26 in the
mean of BMI z-score in the first half of 2020 compared with 2019,
followed by adolescent aged 12-14 years, with the increase of 0.20
(Table 2). Preschool children only had relatively slight increase in
BMI z-score in the first half of 2020 and returned to the previous
level in the second half of 2020. Furthermore, children in the
northeast gained the most weight in the first half of 2020, and
children in the central, north and southwest regions also
experienced an increase of BMI z-score more than 0.20
(Figure 3). Notably, the BMI z-score of both preschool and
school-aged children in the north area of China increased
constantly, even after the year of 2020 (Supplementary Table S3).

The Accuracy of Parent-Reported Data

To analyze the accuracy of parent-reported data, we compared the
duplicate cases between hospitals and mobiles within 30 days.
Finally, 4309 cases uploaded data both from hospitals and
mobiles within 30 days. When reviewing these data, 3980 (92.3%)
cases reported the same BMI through hospitals and mobile
terminals, and the differences of BMI of 4096 cases were within

Preschool Grils

Preschool Boys

Changes of BMI z-score
]

0.114
0214
0314
0.41.0.5
5

FIGURE 3 | BMI z-score changes during COVID-19 lockdown by province. The
changes of the mean BMI z-score in the first half of 2020 and that in 2019.

0.20 (95.1%). Furthermore, we found 27 cases (0.6%) whose parent-
reported weight value was nearly two times higher than hospital-
measured weight value, indicating parents might mistake the unit
when uploading the data. There was no significant difference
between the BMI z-score of hospital- and mobile-based data
according to Bland-Altman analysis (p = 0.62) (Supplementary
Figure 2). Since the proportion of possible errors and bias was low,
the parent-reported data from the mobiles was reliable.

The Characteristics of Parent-reported
Measurements in BMI Monitoring

31.8% cases of this study were parent-reported data obtained
from the mobiles; therefore, we could evaluate the characteristics
of parent-reported data (Supplementary Table S4). Parents of
preschool children were more inclined to participate in the BMI
monitoring study, accounting for 73.9% of the total mobile-based
data. Compared with the hospital measurement data, parent-
reported data had higher standardized obesity and obesity/
overweight prevalence (6.9% [95% CI 6.7%-7.3%] vs. 11.8%
[95% CI 10.9%-13.0%]; 18.3% [95% CI 17.7%-18.9%] vs.
21.7% [95% CI 20.7%-23.0%]). Furthermore, parent-reported
data had higher BMI z-score among both preschool and school-
aged children (0.07 + 1.42 vs. 0.05 £+ 1.21, p = 0.0020; 0.43 + 1.57
vs. 0.30 + 1.25, p < 0.0001). However, both mobile-based data
and hospital-based data could timely reflect the changes of BMI
during pandemic (Supplementary Table S5).

DISCUSSION

This first large-scale study evaluated the changing trend of
obesity prevalence and BMI of children and adolescents in
different regions of China in the past five years using mobile-
and hospital-based data. From 2017 to 2021, the obesity and
overweight prevalence of Chinese children and adolescents
remained at a stable level and had a slight downward trend;
though the lockdown in 2020 led to a significant increase. The
COVID-19 epidemic in 2020 had an impact on obesity and
weight gain, but there were regional and age differences.

In the past decade, the prevalence of obesity and overweight
in children and adolescents in China increased from 15.4% in
2010, to 20.4% in 2014 and 24.7%-25.8% in 2017-2019 (12-14).
In our study, the prevalence of obesity and overweight was
19.19%, which was slightly lower compared with that Zhang
et al. (12) and 2014 Chinese National Survey on Students’
Constitution and Health (15) found. Since our study included
more provinces in the south and southwest area of China and
preschool children aged 3-6 years old, their relatively low
prevalence of obesity and overweight resulted in a lower
overall prevalence than previous studies.

The prevalence of obesity had region-, age- and sex-specific
characteristics. Consist with previous studies, Chinese boys and
children in northern region of China had higher prevalence of
obesity, while children in south and southwest regions of China
had lower prevalence (12, 16, 17). Furthermore, even in the same
province, there are differences in obesity in different cities, calling
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TABLE 2 | BMI z-score changes during COVID-19 shutdown by different ages and regions.

2019 Jan.-Jun. 2020 Jul. - Dec. 2020 Jan.-Apr. 2021
Age groups (years)
3-6 0.08 (1.36) 0.12 (1.33) 0.01 (1.29) 0.15 (1.24)
7-11 0.20 (1.34) 0.46 (1.32) 0.39 (1.36) 0.38 (1.23)
12-14 0.19 (1.26) 0.39 (1.35) 0.32 (1.35) 0.32 (1.18)
15-19 0.34 (1.28) 0.45 (1.35) 0.38 (1.27) 0.41 (1.09)
Region
Central 0.13 (1.31) 0.35 (1.32) 0.24 (1.30) 0.29 (1.16)
East 0.17 (1.30) 0.35 (1.33) 0.31 (1.34) 0.34 (1.19)
North 0.17 (1.34) 0.38 (1.31) 0.21 (1.30) 0.50 (1.22)
Northeast 0.13 (1.40) 0.50 (1.40) 0.30 (1.34) 0.33 (1.29)
Northwest 0.11 (1.23) 0.24 (1.36) 0.33 (1.28) 0.38 (1.26)
South -0.09 (1.37) 0.08 (1.30) 0.02 (1.33) 0.07 (1.25)
Southwest -0.02 (1.28) 0.22 (1.29) 0.12 (1.25) 0.14 (1.15)

Data were mean (SD).

for more targeted policies for the controlling of pediatric obesity
in China (18). As for the difference between different ages, we
found that the obesity prevalence increased significantly after the
age of four, while it was relatively low between the ages of 12-15,
but then increased again. The increase of obesity prevalence in
adolescents older than 16 years old was consistent with the
findings among Chinese adults that young adult men had
relatively high obesity prevalence (19).

Remarkably, our study found that the prevalence of obesity
among Chinese children had entered a stage of stable or even
with a slight decline, comparing to the annual growth rate of
0.58% and 0.63% in obesity and overweight respectively in 2010-
2014 (17). A decrease of 0.26% in obesity prevalence was found
in 2019 compared with 2017-2018. Although experienced a
significant increase in 2020, the prevalence of obesity in the
first four months of 2021 was 7.79%, which was decreased
significantly comparing with the prevalence in 2020, with a
decrease of 1.77%. Due to the limited research period and the
special impact of the COVID-19 epidemic, we cannot conclude
that the obesity problem of Chinese children has been controlled.
The study of Yuan et al. (20) among Chinese children and the
study of adult population in China both found a slowdown in the
rise of obesity prevalence (19), suggesting an optimistic trend of
obesity problem among all age groups in China. However, the
overall prevalence is still at high point and long-term trend needs
to be observed. Furthermore, the huge population of obese and
overweight children and adolescents still needs more attention.

Although some studies have focused on the weight gain of
children in China during the COVID-19 epidemic (4, 21, 22),
there is still a lack of comprehensive national analysis of multiple
age groups. To reduce the impact of going out restrictions on the
assessment of children’s growth and development, we
innovatively use mobiles as a data-source for this nationwide
survey. Consist with previous regional studies (4, 5), COVID-19
lockdown led to weight gains among Chinese children, but also
had age and region differences.

The age difference in weight gain might be related to the
growth characteristics and lifestyles of children of different ages.
We found that children and adolescents aged 7-14 years old,
mainly children in primary schools and junior middle schools,
had the most BMI z-score gain. For school-aged children, the

lower the grade, the more time spent in school activities,
including physical education classes and extracurricular
activities; therefore, the exercise time of primary and junior
middle school students was greatly affected by the lockdown.
High school students had less activity time at school than
younger children in China, so they might be less affected; while
preschool children had a lot of non-school activity time, so they
were almost unaffected. Findings of other regional studies in
China and the United States were consistent with our results (4,
22, 23).

Regional differences in weight gain during COVID-19
lockdown might be affected by various factors such as the
severity of the epidemic and differences in local lifestyles.
Children in northeast, central, north and southwest area
showed a significant increase in BMI z-score in the first half of
2020 and a decline in the second half of the year, which was
consistent with the development trend of the epidemic in China.
However, the weight of children in the northwest and north
increased continuously even after the epidemic, and the mean
BMI z-score reached 0.5 in northern China. This suggested that
the north and northwest regions are the focus of attention of
obesity monitoring in the future.

Conducting family self-assessment was a good way for
monitoring weight changes and providing timely interventions
based on changes, especially during the epidemic, when the
assessment carried out in schools and clinics was restricted. Our
study has confirmed the feasibility of using mobiles and the Internet
to conduct growth and development assessments for children and
adolescents across China. By entering the basic information and
anthropometry data, parents can obtain the results of their
children’s developmental assessment within a few seconds,
avoiding complicated calculations and table lookups that need to
be completed by pediatricians. In the future, the online assessment
method can be widely promoted as an effective assessment method
for children’s growth and development, especially during epidemics
and in remote areas. The main concern about the online assessment
was the inaccuracy of parent- and self-reported data, which might
have bias due to reporting behaviors and systematic measurement
differences. Zhou et al. (24) raised concerns about the accuracy of
self-reported weight and height of Chinese adolescents, and He et al.
(25) found that parent-reported BMI tended to overestimate the
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prevalence of obesity in children and adolescents. A study of the
accuracy of parental measurements of height and weight during
COVID-19 found lower BMI at home than in clinics (26). Although
the accuracy analysis of this study suggested that the parent-
reported data was reliable, we found that the BMI z-score of
mobile-based data was higher than those of hospital-based data in
this study, especially among school-aged children. Although there
was statistical difference among preschool children, the difference
was only 0.02. In addition to the possible errors caused by clothing
and food intake during the home measurement process, parents of
obese children were more inclined to participate in related
assessments might be the reason for this difference. Even with
bias, a slight overestimation of BMI in obesity assessment helped
parents of children at risk of overweight to pay more attention on
their diets and lifestyles, and seek help from pediatricians in time.
Therefore, parent-reported growth assessment through mobile was
a feasible, efficient and timely way with synchronous response, thus
it is worthy of being widely promoted. In the future, better health
education and measurement teaching will help parents measure
their children’s height and weight more accurately.

One of the limitations of this study was that all cases from
mobiles were voluntarily participated. Therefore, younger children
accounted for a large proportion of the study population. However,
when calculating the trend of BMI, children were divided into
different age groups, and when calculating the obesity prevalence,
we standardized the prevalence according to age, sex and region, so
it would not affect the results. In addition, we found that the obesity
prevalence of mobile-based data was higher than that of the
hospital-based data and other researches (2, 12, 13). The reason
for this phenomenon might be that parents of overweight children
paid more attention to the assessment of their children’s growth and
development and were more inclined to participate in such surveys.
Furthermore, this large-scale epidemiological survey didn’t collect
information about lifestyles, such as dietary or physical activities,
which were important factors affecting BMI. In the future, we will
expand the information collected in the database to better
investigate possible factors affecting BMI changes.

CONCLUSIONS

In conclusion, the prevalence of obesity and overweight of Chinese
children and adolescents showed a slight downward trend though
increased in 2020 due to the COVID-19 lockdown. The high obesity
prevalence in northern China and the continuous increase of BMI
z-score in north and northwest regions called for more region-
specific ways for pediatric obesity management. The assessment
through mobiles based on parent-reported anthropometry data was
a good way for obesity monitoring, especially during epidemics.
High BMI z-score increase among primary and junior middle
school children suggested more indoor sports education for these
children especially during the pandemic.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the ethic committee of Shijiazhuang Kid Grow
Science and Technology Co. Ltd. Written informed consent from
the participants’ legal guardian/next of kin was not required to
participate in this study in accordance with the national
legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

YY and ZX conceptualized and designed the study, completed the
statistical analyses, drafted the initial manuscript, and reviewed and
revised the manuscript. MZ and SZ developed the database and
supervised the data collection. FL supervised the data collection,
contributed to the design of the study, and reviewed and revised the
manuscript. ZP and CS contributed to interpretation of the data and
extensive revision of the manuscript. JY, JH and TQ assisted with
data interpretation and reviewed and revised the manuscript. All
authors approved the final manuscript as submitted and agreed to
be accountable for all aspects of the work.

FUNDING

This study is supported by the National Key Research and
Development Program of China, No. 2021YFC2701904, and the
Clinical special project of integrated traditional Chinese and Western
medicine in 2019, Shanghai Municipal Health Commission,
Shanghai Municipal Administrator of Traditional Chinese
Medicine. The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of the report.

ACKNOWLEDGMENTS

We thank all participants and colleagues for their time and effort.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fendo.2022.859245/
full#supplementary-material

Frontiers in Endocrinology | www.frontiersin.org

May 2022 | Volume 13 | Article 859245


https://www.frontiersin.org/articles/10.3389/fendo.2022.859245/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.859245/full#supplementary-material
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Yang et al.

Pediatric Obesity in China

REFERENCES

1. Bentham J, Di Cesare M, Bilano V, Bixby H, Zhou B, Stevens GA, 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.
Lancet (2017) 390:2627-42. doi: 10.1016/S0140-6736(17)32129-3

2. Pan XF, Wang L, Pan A. Epidemiology and Determinants of Obesity in
China. Lancet Diabetes Endocrinol (2021) 9:373-92. doi: 10.1016/S2213-8587
(21)00045-0

3. Pietrobelli A, Pecoraro L, Ferruzzi A, Heo M, Zoller T, Antoniazzi F, et al.
Effects of COVID-19 Lockdown on Lifestyle Behaviors in Children With
Obesity Living in Verona, Italy: A Longitudinal Study. Obes (Silver Spring)
(2020) 28:1382-5. doi: 10.1002/0by.22861.Effects

4. Hu]J, LiuJ, Wang ], Shen M, Ge W, Shen H, et al. Unfavorable Progression of
Obesity in Children and Adolescents Due to COVID-19 Pandemic: A School-
Based Survey in China. Obesity (2021)29:1907-15. doi: 10.1002/0by.23276

5. Chang T, Chen Y, Chen W, Chen C, Hsu W, Chou Y. Weight Gain Associated
With COVID-19 Lockdown in Children and Adolescents : A Systematic
Review and Meta-Analysis. | Nutrients (2021) 13:3668. doi: 10.3390/
nul3103668

6. Spinelli A, Buoncristiano M, Kovacs VA, Yngve A, Spiroski I, Obreja G, et al.
Prevalence of Severe Obesity Among Primary School Children in 21
European Countries. Obes Facts (2019) 12:244-58. doi: 10.1159/000500436

7. Hui L, Cheng-ye J, Xin-nan Z, Ya-qin Z. Body Mass Index Growth Curves for
Chinese Children and Adolescents Aged 0 to 18 Years. Chin J Pediatr (2009)
47:493-8. doi: 10.3760/cma.j.issn.0578-1310.2009.07.004

8. Hui L, Cheng-ye J, Xin-nan Z, Ya-qin Z. [Height and Weight Standardized
Growth Charts for Chinese Children and Adolescents Aged 0-18 Years]. Chin
J Peidatr (2009) 47:487-92. doi: 10.3760/cma.j.issn.0578-1310.2009.07.003

9. Group of China Obesity Task Force. [Body Mass Index Reference Norm for
Screening Overweight and Obesity in Chinese Children and Adolescents]. Chin
J Epideminol (2004) 25:97-102. doi: 10.3760/j.issn:0254-6450.2004.02.003

10. National Bureau of Statisitcs. Tabulation on the 2010 Population Census of the
People’s Republic of China. Available at: http://www.stats.gov.cn/tjsj/pcsj/
rkpc/6rp/indexch.htm.

11. WHO Coronavirus (COVID-19). Available at: https://covid19.who.int/
region/wpro/country/cn.

12. Zhang L, Chen ], Zhang J, Wu W, Huang K, Chen R, et al. Regional Disparities in
Obesity Among a Heterogeneous Population of Chinese Children and
Adolescents. JAMA Netw Open (2021) 4:1-9. doi: 10.1001/jamanetworkopen.
2021.31040

13. Dong Y, Lau PWC, Dong B, Zou Z, Yang Y, Wen B, et al. Trends in Physical
Fitness, Growth, and Nutritional Status of Chinese Children and Adolescents:
A Retrospective Analysis of 1.5 Million Students From Six Successive National
Surveys Between 1985 and 2014. Lancet Child Adolesc Heal (2019) 3:871-80.
doi: 10.1016/52352-4642(19)30302-5

14. Zhu Z, Tang Y, Zhuang J, Liu Y, Wu X, Cai Y, et al. Physical Activity, Screen
Viewing Time, and Overweight/Obesity Among Chinese Children and
Adolescents: An Update From the 2017 Physical Activity and Fitness in
China - The Youth Study. BMC Public Health (2019) 19:1-8. doi: 10.1186/
512889-019-6515-9

15. Dong Y, Jan C, Ma Y, Dong B, Zou Z, Yang Y, et al. Economic
Development and the Nutritional Status of Chinese School-Aged
Children and Adolescents From 1995 to 2014: An Analysis of Five
Successive National Surveys. Lancet Diabetes Endocrinol (2019) 7:288-
99. doi: 10.1016/52213-8587(19)30075-0

16. Dong Y, Ma Y, Dong B, Zou Z, Hu P, Wang Z, et al. Geographical Variation and
Urban-Rural Disparity of Overweight and Obesity in Chinese School-Aged
Children Between 2010 and 2014: Two Successive National Cross-Sectional
Surveys. BMJ Open (2019) 9:1-9. doi: 10.1136/bmjopen-2018-025559

17. Shuo W, Yanhui D, Zhenghe W, Zhiyong Z, Health A. Trends in Overweight
and Obesity Among Chinese Children of 7- 18 Years Old During 1985- 2014.
Chin ] Prev Med (2017) 51:300-5. doi: 10.3760/cma.j.issn.0253-
9624.2017.04.005

18. Qin W, Wang L, Xu L, Sun L, Li J, Zhang J, et al. An Exploratory Spatial
Analysis of Overweight and Obesity Among Children and Adolescents in
Shandong, China. BMJ Open (2019) 9:1-8. doi: 10.1136/bmjopen-2018-
028152

19. Wang L, Zhou B, Zhao Z, Yang L, Zhang M, Jiang Y, et al. Body-Mass Index
and Obesity in Urban and Rural China: Findings From Consecutive
Nationally Representative Surveys During 2004-18. Lancet (2021) 398:53—
63. doi: 10.1016/S0140-6736(21)00798-4

20. Yuan]N, Jin BH, Si ST, Yu YX, Liang L, Wang CL, et al. [Changing Prevalence
of Overweight and Obesity Among Chinese Children Aged 6-15 From 2009-
2019]. Zhonghua Er Ke Za Zhi = Chin ] Pediatr (2021) 59:935-41.
doi: 10.3760/cma.j.cn112140-20210523-00441

21. QiuN, He H, Qiao L, Ding Y, Ji S, Guo X, et al. Sex Differences in Changes in
BMI and Blood Pressure in Chinese School-Aged Children During the
COVID-19 Quarantine. Int ] Obes (2021) 45:2132-6. doi: 10.1038/s41366-
021-00871-w

22. Wen J, Zhu L, Ji C. Changes in Weight and Height Among Chinese Preschool
Children During COVID-19 School Closures. Int ] Obes (2021) 45:2269-73.
doi: 10.1038/541366-021-00912-4

23. Lange SJ, Kompaniyets L, Freedman DS, Kraus EM, Porter R, Blanck HM,
et al. Longitudinal Trends in Body Mass Index Before and During the
COVID-19 Pandemic Among Persons Aged 2-19 Years — United States,
2018-2020. MMWR Morb Mortal Wkly Rep (2021) 70:1278-83.
doi: 10.15585/mmwr.mm7037a3

24. Zhou X, Dibley MJ, Cheng Y, Ouyang X, Yan H. Validity of Self-Reported
Weight, Height and Resultant Body Mass Index in Chinese Adolescents and
Factors Associated With Errors in Self-Reports. BMC Public Health (2010) 10.
doi: 10.1186/1471-2458-10-190

25. He J, Fan X. How Accurate is Using Parent-Reported Height and Weight for
Screening Children and Adolescents for Overweight and Obesity? Meta-
Analyses at Both Population and Individual Levels. Child Obes (2018)
14:302-15. doi: 10.1089/chi.2018.0062

26. Tenenbaum A, Shefer-Averbuch N, Lazar L, Yakobovitch-Gavan M, Phillip
M, Oron T. Growth Assessment of Children During the COVID-19 Pandemic
—Can We Rely on Parental Measurements? Acta Paediatr Int ] Paediatr
(2021) 110:3040-5. doi: 10.1111/apa.16034

Conflict of Interest: Authors MZ and SZ were employed by Shijiazhuang Xigao
Technology Co. Ltd.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Yang, Zhang, Yu, Pei, Sun, He, Qian, Luo, Zhang and Xu. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

May 2022 | Volume 13 | Article 859245


https://doi.org/10.1016/S0140-6736(17)32129-3
https://doi.org/10.1016/S2213-8587(21)00045-0
https://doi.org/10.1016/S2213-8587(21)00045-0
https://doi.org/10.1002/oby.22861.Effects
https://doi.org/10.1002/oby.23276
https://doi.org/10.3390/nu13103668
https://doi.org/10.3390/nu13103668
https://doi.org/10.1159/000500436
https://doi.org/10.3760/cma.j.issn.0578-1310.2009.07.004
https://doi.org/10.3760/cma.j.issn.0578-1310.2009.07.003
https://doi.org/10.3760/j.issn:0254-6450.2004.02.003
http://www.stats.gov.cn/tjsj/pcsj/rkpc/6rp/indexch.htm
http://www.stats.gov.cn/tjsj/pcsj/rkpc/6rp/indexch.htm
https://covid19.who.int/region/wpro/country/cn
https://covid19.who.int/region/wpro/country/cn
https://doi.org/10.1001/jamanetworkopen.2021.31040
https://doi.org/10.1001/jamanetworkopen.2021.31040
https://doi.org/10.1016/S2352-4642(19)30302-5
https://doi.org/10.1186/s12889-019-6515-9
https://doi.org/10.1186/s12889-019-6515-9
https://doi.org/10.1016/S2213-8587(19)30075-0
https://doi.org/10.1136/bmjopen-2018-025559
https://doi.org/10.3760/cma.j.issn.0253-9624.2017.04.005
https://doi.org/10.3760/cma.j.issn.0253-9624.2017.04.005
https://doi.org/10.1136/bmjopen-2018-028152
https://doi.org/10.1136/bmjopen-2018-028152
https://doi.org/10.1016/S0140-6736(21)00798-4
https://doi.org/10.3760/cma.j.cn112140-20210523-00441
https://doi.org/10.1038/s41366-021-00871-w
https://doi.org/10.1038/s41366-021-00871-w
https://doi.org/10.1038/s41366-021-00912-4
https://doi.org/10.15585/mmwr.mm7037a3
https://doi.org/10.1186/1471-2458-10-190
https://doi.org/10.1089/chi.2018.0062
https://doi.org/10.1111/apa.16034
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Nationwide Trends of Pediatric Obesity and BMI z-Score From 2017-2021 in China: Comparable Findings From Real-World Mobile- and Hospital-Based Data
	Introduction
	Methods
	Study Population
	Measurements and Obesity Definition
	Statistical Analysis

	Results
	Basic Characteristics
	Prevalence of Obesity and Overweight
	Trends of Obesity Prevalence and BMI z-Score
	The Accuracy of Parent-Reported Data
	The Characteristics of Parent-reported Measurements in BMI Monitoring

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


