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The world has been engulfed in a COVID-19
pandemic that has significantly affected the health
and economics of the population. The Chinese
authorities imposed lockdown measures to limit the
spread of COVID-19 and stopped school programs
for children and adolescents. Such measures have
been associated with increased sedentary time and
reduced physical activity[m]. An online questionnaire
study of youth in China compared activity patterns
before and after the COVID-19 lockdown. The results
showed significant decreases in the frequency of
engaging in active transport, moderate-to-vigorous
housework, and physical activity, while significant
increases were observed in the average sedentary
and sleeping times during workdays and weekends'".
A study of UK adults reported a disproportionately
large and negative effect of the lockdown on weight-
related behaviors™. A longitudinal study in Italy,
including 41 children and adolescents with obesity,
showed that potato chips, red meat, and sugary
drink intake increased significantly during the
lockdown, and time spent participating in sports
activities decreased significantly, whereas sleep time
and screen time increased significantIyB].

The present study aimed to investigate and
compare population data on the prevalence of
overweight and obesity in middle and high school
student graduates before the lockdown (graduated
in 2019) and post-lockdown (graduated in 2020).

The database came from the 2017-2020 Beijing
High School data and the score on the college
entrance physical examination, which is mandatory
for all students graduating from middle school and
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entering high school or graduating from high school
and entering college. The Beijing Physical
Examination Center is the designated location for
organizing and overseeing this mandatory physical
examination, which includes body height, weight,
and blood pressure. The physical examinations were
carried out from March to April 2019, while the
following year’s examinations were carried out from
June to July 2020 due to the COVID-19 lockdown. In
2019, there were 32,024 female and 34,632 male
graduates from middle school (average age of 15.0
years) and 28,944 female and 29,180 male graduates
from high school (average age of 17.5 years). The
corresponding numbers for 2020 were 38,262
female and 42,433 male middle school graduates
and 28,169 female and 27,378 male high school
graduates.

All measurements were made by trained
technicians using identical apparatus. Body height
was measured to the nearest 0.1 c¢cm, and body
weight was measured to the nearest 0.1 kg with
standardized equipment and procedures. Body mass
index (BMI) was calculated according to the formula:
BMI = weight (kg)/height” (m?).

Subjects were defined as being overweight or
obese according to the BMI reference norms for
screening overweight and obesity in Chinese children
and adolescents proposed by the China Obesity Task
Force Group[4].

Statistical analysis was performed using SPSS
version 24.0 for Windows software (SPSS Inc.,,
Chicago, IL, USA). Continuous data are described as
mean * standard deviation (SD), and percentages or
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rates were calculated for categorical variables.
Differences between the 2019 and 2020 results were
analyzed using the student’s t-test and the chi-
square test. A P-value < 0.05 was considered
significant.

The anthropometric characteristics of all
students graduating from middle school and
entering high school or graduating from high school
and entering college in 2019 and 2020 are shown in
Table 1, respectively. After the 2020 lockdown,
height, weight, and blood pressure increased
significantly among middle school and high school
graduates (P < 0.01). BMI increased significantly in
males but not in females.

Significant increases in the prevalence of
overweight and obesity were seen in males from
middle school and high school after the 2020
lockdown compared to that in 2019 (overweight:
19.8% vs. 17.8%, 23.3% vs. 22.5%; obesity: 23.2% vs.
16.6%, 22.0% vs. 20.3%, respectively, P < 0.001). A
significant increase in the obesity rate was detected
in females from middle school (P < 0.001), whereas
no significant difference (P = 0.265) was observed in
females from high school (Figure 1).

We evaluated the prevalence rates of age-
specific overweight and obesity in 2019 and 2020.
The prevalence of overweight and obesity in middle

school graduates increased significantly in males
from all age groups (14-17 years old), and the
obesity rate also increased in girls of all age groups
(P <0.01) (Figure 2A and 2B). A significant increase in
the prevalence of obesity was detected among male
high school graduates of all age groups (16-20 years
old), whereas no significant changes were observed
in the prevalence of overweight or obesity in the
2020 female graduates compared with those in 2019
(Figure 2C and 2D).

The trends in the prevalence rates of overweight
and obesity among Chinese middle school and high
school graduates from 2017 to 2020 were analyzed.
A significant increase in the prevalence of obesity
was observed among middle school graduates from
2017 to 2020. The obesity rate from 2019 to 2020
increased from 9.7% to 11.2% for females and from
16.6% to 23.2% for males, respectively, compared
with from 9.0% to 9.6% for females and from 17.3%
to 17.5% for males from 2017 to 2018. The COVID-19
lockdown may have accelerated the increase in the
obesity rate.

The prevalence rates of overweight and obesity
increased significantly in male graduates from
middle school and high school after the 2020
lockdown. The obesity rate also significantly
increased in females from middle school, but no

Table 1. Anthropometric characteristics of the middle school and the high school
graduates in 2019 and 2020 (mean + SD)

Characteristics 2019 2020 2019 vs. 2020
Female Male Female Male P1 P2
Mddle school (n=320,24) (n=34,632) (n=38,262) (n=42,433)
Age (year) 15.0+0.4 15.0+0.4 15.0+0.3 15.1+0.4 P<0.001 P<0.001
Height (cm) 163.0+5.6 173.6 +6.3 163.6 +5.7 1748+ 6.3 P<0.001 P<0.001
Weight (kg) 56.7+11.7 67.1+16.2 57.1+12.8 70.8+18.3 P<0.001 P<0.001
BMI (kg/cm’) 21.3+4.0 22.2+4.8 213144 23.1%55 P=0.968 P <0.001
SBP (mmHg) 113.6 +10.0 120.0+10.2 114.0+10.3 120.8+10.1 P<0.001 P<0.001
DBP(mmHg) 69.4+6.6 71.5+7.1 69.2+6.9 70.7+7.1 P<0.001 P<0.001
High school (n = 28,944) (n=29,180) (n=28,169) (n=27,378)
Age (year) 17.8+1.8 17919 175+0.9 176+1.1 P<0.001 P<0.001
Height (cm) 163.8+5.7 176.8+6.1 164.6 +5.8 177.2+6.2 P<0.001 P<0.001
Weight (kg) 59.1+12.4 75.2+16.9 59.4+12.8 76.2+17.4 P=0.019 P<0.001
BMI (kg/cm?) 22.0+4.3 24.0+5.0 21.9+4.5 24.2+5.2 P=0.001 P<0.001
SBP (mmHg) 112.2+11.6 121.1+11.5 114.1+11.5 122.5+11.0 P<0.001 P<0.001
DBP (mmHg) 70.8+7.7 73.2+75 71.3+7.5 733+7.8 P<0.001 P=0.024

Note. P1: the difference between 2019 and 2020 in females; P2: the difference between 2019 and 2020 in

males.



Effects of the COVID-19 lockdown on adolescent obesity

1147

significant difference was detected in females from
high school. The age-specific analysis showed that
the prevalence of overweight and obesity increased
significantly in male middle school graduates of all
age groups (14-17 years old), and the obesity rate
also increased in girls of all age groups (P < 0.01). The
prevalence of obesity increased significantly among
male high school graduates of all age groups (16-20
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Figure 1. Sex-specific BMI group distribution
among middle school graduates (A) and high
school graduates (B) between 2019 and 2020.

years old), but no significant changes were detected
in the female graduates. The prevalence of obesity
among middle school graduates increased
significantly and continuously from 2017 to 2020 and
increased sharply between 2019 and 2020. The
increase in obesity rate was more obvious among
male graduates than among female graduates.
Female adolescents aged 16—20 years may pay more
attention to their bodies than males and adhere to
diet control, so the prevalence of obesity was
maintained at a relatively stable level among female
high school graduates. An Italian study showed an
increase in the prevalence of obesity among obese
adolescents during the lockdown, with males mainly
affected, and the reason why females gained less
weight than males was that females had fewer
sedentary hours than males®.

COVID-19 has been a threat to physical and
mental health since the outbreak began. Confinement
due to the COVID-19 pandemic may not only affect
dietary behavior and physical activity but also
increase the risk of stress, particularly among
adolescents. Graduates from middle school or high
school are experiencing a transition, which is essential
for forming healthy eating habits and activity levels.
As these restrictive measures help reduce the
infection rate, the appearance of sedentary behavior
and inevitable changes in dietary choices has negative
effects on health status. In addition, the lockdown
was a source of stress. Numerous societal changes,
change in the daily routine, and unpleasant
information generates anxiety and fear in children
and young peopIe[G]. Emotional eating is defined as
the tendency to overeat as a coping mechanism to
regulate and reduce negative emotions, such as
depression, anxiety, and stress'. Additionally, anxiety
and stress among young adults may harm short- and
long-term weight control®”. As the lockdown had a
greater impact on the emotional development of
young children and adolescents compared to that of
adults, there is a pressing need for designing
longitudinal and developmental studies to provide
psychosocial and mental health support to vulnerable
children and adolescents during the pandemic as well
as post-pandemic[m].

Our study had some limitations. We did not
include a lifestyle questionnaire, self-reported data,
or a psychological evaluation of the participants.
Furthermore, we compared the graduates of
different years before and after the COVID-19
lockdown, and participants were not their controls.
A self-controlled study may exclude the effect of
genetic factors.
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Figure 2. Age and sex-specific overweight and obesity prevalence rates among middle school graduates
(A, B) and high school graduates (C, D) between 2019 and 2020.
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Despite these limitations, this study investigated
a large representative population from a Beijing High
School database and college entrance physical
examination data and is of particular importance for
concluding the impact of the COVID-19 lockdown on
the obesity of graduates from middle and high
school in China.

In conclusion, the COVID-19 lockdown had a
negative effect on the obesity status of middle and
high school graduates in China. The results from
this large-scale survey will be useful for
policymakers to change the overweight/obesity
status of adolescents during the lockdown and
consider effective measures to help graduates
keep physically and mentally fit and minimize
adverse consequences.
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