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BACKGROUND AND OBJECTIVES: COVID-19-related school closures may increase the prevalence of childhood obesity, which has
aroused public concerns. We aimed to analyze the weight and height changes in Chinese preschool children during the COVID-19-
related school closures period.
METHODS: A total of 124,603 children from multi-city kindergartens in China were included in this study. We evaluated the
prevalence of overweight and obese in preschool children experienced school closures, and compared the changes in BMI, weight,
and height of preschool children among COVID-19 school closures period, the same period last year and the same period the year
before last.
RESULTS: After the school closures, childhood obesity prevalence increased, whereas overweight prevalence decreased. During
school closures, the average increase in height was about 1 cm less as compared with the same period last year and the year before
last, but no noteworthy difference in the weight change was observed among the three periods.
CONCLUSIONS: During COVID-19 school closures, children’s height increase seemed to be more affected than weight change.
Innovative, robust, and highly adaptable strategies should be taken to increase physical activity, reduce sedentary time and
promote healthy diets, to minimize the adverse impact of school closures.

International Journal of Obesity (2021) 45:2269–2273; https://doi.org/10.1038/s41366-021-00912-4

INTRODUCTION
The global spread of coronavirus disease 2019 (COVID-19) has
causing substantial morbidity and mortality, and triggering a
range of public health responses [1]. Following the outbreak of
COVID-19 in China in January 2020, the Chinese government
issued a stay-at-home order to promote social distancing [2].
Closely related to the stay-at-home orders, school closures are
some of the highest-profile social distancing measures widely
adopted across all of China’s provinces. In addition to China, many
countries around the world have also instituted a nationwide
school closure [3]. These closures prevent contact among children
and reduce cases [3]. In China, with the effective control of the
epidemic, most schools were gradually reopened from August to
September 2020. However, in most areas outside China, school
closures are likely to continue through the 2020–2021 academic
year. Whether and on what scale schools reopen will depend on
how the epidemic evolves.
As a result of school closures, children’s daily life is also

affected, including insufficient physical activity, excessive seden-
tary behavior, and unbalanced diets [4]. It has been hypothesized
that COVID-19-related school closures may expose children to an
increased risk of obesity in a similar way to summer recess [5–8].
Obesity was one of the most serious global problems defined as
pandemic before COVID-19 pandemic [9]. And there is a

consensus that obesity is associated with various acute or
chronic diseases, and also increases risk of COVID-19 infection
and complications [10, 11]. Experts in child growth have been
very concerned about the potential weight and height change
among preschool children during school closures. However,
there is limited evidence to evaluate the impact of COVID-19-
related school closures on childhood obesity. Therefore, the
objective of this study was to show the changes in BMI, weight,
and height among Chinese preschool children during COVID-19
school closures, which could provide valuable information on
designing and implementing countermeasures to minimize the
detrimental impact of COVID-19 and prevent children from
obesity onset.

METHODS
This was an observational retrospective study. The study participants were
preschool children from kindergartens in ten Chinese cities (cities
including Nanjing, Nantong, Wuxi, Chengdu, Jinan, Jiaxing, Ningbo,
Qingdao, Chongqing, and Zhoushan). Children’s health information of
these kindergartens is managed by a Children’s Health Care Network
System. In this study, the examined kindergartens were selected in a
cluster random sampling. All research data were based on routine physical
examinations in kindergarten and extracted through the network system.
Through the physical examinations, demographic information was
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collected, including home domicile, gender, and age. Moreover, we also
collected height and weight before (December 2019 to early January
2020) and after (August 2020 to September 2020) school closures. In
China, before the outbreak of the epidemic in early January 2020,
kindergartens began their winter vacation and closed their schools
successively. We collected baseline data of children from December 2019
to early January 2020 as the data of “before school closures”. With the
remission of the epidemic, kindergartens began to resume school from
August to September 2020. Therefore, we collected the second data from
August to September 2020 as the data of “after school closures”. Weight
was measured with the participant wearing light clothes and no shoes to
the nearest 0.1 kg by a mechanical column scale, and height was
measured to the nearest 0.1 cm with a Stadiometer. Each measurement
was taken and recorded twice to ensure reliability. From these data, we
calculated body mass index (BMI), and the changes in BMI, weight, and
height from before until after school closures. Missing data included data
for children who did not attend the physical examination before or after
school closures, or abnormal value (during the COVID-19 school closures,
weight change exceed ±15 kg or height change exceed 15 cm).
We applied Fisher’s exact test to evaluate the difference in the

prevalence of overweight and obese children before and after school
closures. Overweight and obesity were diagnosed according to the child
growth standards of the WHO [12]. To further vertically explore the
impact of COVID-19 school closures on obesity among preschool
children, we then compared the changes in BMI, weight, and height of
preschool children among the COVID-19 school closures period, the same
period last year and the same period the year before last. The participant
sources, time points and methods of data collection, and exclusion
criteria for the same period last year and the year before were the same
as those during the COVID-19 school closures. The changes in BMI,
weight, and height are graphically plotted as mean in the figures.
Statistical data were analyzed by IBM SPSS version 25. The study did not
require approval by the ethics committee because of the anonymous
nature of the personal information and impossibility of tracking sensitive
personal data.

RESULTS
In the past year under COVID-19 pandemics, 19,066 preschool
children who attended routine kindergarten physical examina-
tion before and after school closures were included in the
analysis (Table 1). The children evaluated were 3 years to 5 years
and 4 months during the months before school closures
(December 2019 to early January 2020). Using the recorded
height and weight together with children’s sex and age, we
observed the overweight rate had decreased (before vs. after
school closures: 17.43% vs. 14.07%, P < 0.001), whereas the
obesity rate had increased (before vs. after school closures:
10.47% vs. 12.28%, P < 0.001) during the COVID-19-related school
closures.
Using a retrospective cohort design, we compared changes in

anthropometrics of preschool children among COVID-19 school
closures period, the same period last year and the same period
the year before last. Table 1 shows the basic characteristics of
participating children evaluated in these three periods. Given
that participants from the three periods came from same cities,
had similar population structure, and the baseline anthropo-
metrics were very close, the previous data were of certain
reference value for assessing the impact of COVID-19 on obesity.
We first compared changes in BMI over the three studied

periods, as shown in Fig. 1. It is well known that BMI decreases
with age between 6 months and 6 years old [12]. During school
closures, BMI decreased the least when compared with the same
period last year and the year before last. In addition, there was a
small increase in BMI rather than a decrease among the relatively
older children. To investigate the reasons behind the changes in
BMI, we analyzed the changes in weight (Fig. 2). However, no
noteworthy difference in the weight change was observed
among the three periods. When we further analyzed the changes
in children’s height (Fig. 3), we were surprised to find that the
average increase in height during school closures was aboutTa

bl
e
1.

B
as
ic

ch
ar
ac
te
ri
st
ic
s
o
f
p
ar
ti
ci
p
at
in
g
ch

ild
re
n
ev
al
u
at
ed

in
th
e
th
re
e
p
er
io
d
s.

Pe
ri
od

B
as
el
in
e
ti
m
e
p
oi
n
t

La
st

m
ea

su
re
d
ti
m
e
p
oi
n
t

N
B
oy

s,
n
(%

)
A
g
e
ra
n
g
e

H
ei
g
h
t,
cm

a
W
ei
g
h
t,
kg

a
B
M
I,
kg

/m
2
a

D
u
ri
n
g
th
e
C
O
V
ID
-1
9
re
la
te
d
sc
h
o
o
l
cl
o
su
re
s

20
19

.1
2–

20
20

.1
20

20
.8
–
9

19
,0
66

10
,0
97

(5
3.
0%

)
3
y
to

5
y
+
4
m

10
7.
0
(6
.5
)

18
.5

(3
.3
)

16
.1

(1
.7
)

D
u
ri
n
g
th
e
sa
m
e
p
er
io
d
la
st

ye
ar

20
18

.1
2–

20
19

.1
20

19
.8
–
9

28
,2
28

15
,0
14

(5
3.
2%

)
3
y
to

5
y
+
4
m

10
6.
9
(6
.1
)

18
.6

(3
.3
)

16
.2

(1
.7
)

D
u
ri
n
g
th
e
sa
m
e
p
er
io
d
th
e
ye
ar

b
ef
o
re

la
st

20
17

.1
2–

20
18

.1
20

18
.8
–
9

77
,3
09

40
,7
30

(5
2.
7%

)
3
y
to

5
y
+
4
m

10
6.
8
(6
.1
)

18
.3

(3
.1
)

16
.0

(1
.6
)

a A
ll
va
lu
es

ar
e
p
re
se
n
te
d
as

m
ea
n
(S
D
),
m
ea
su
re
d
at

b
as
el
in
e
ti
m
e
p
o
in
t.

J. Wen et al.

2270

International Journal of Obesity (2021) 45:2269 – 2273

1
2
3
4
5
6
7
8
9
0
()
;,:



1 cm less, compared with the same period last year and the year
before last. This may be partly responsible for the increased
obesity rate and the least BMI decrease during school closures.
However, according to the child height standard of the WHO [12],
for the preschool children evaluated during school closures, 71.4%
of the children had a height value above P50 and 14.6% have a
height value above P95 after school closures, indicating that the
preschool children group is still in a good growth state.

DISCUSSION
The currently escalating COVID-19 pandemic represents one of the
most profound societal and public health challenges. Although
school closures were necessary to slow the spread of COVID-19,
they may have a profound impact on children’s daily life. As
suggested by growing evidences, unfavorable changes in eating,
sleep, and activity behaviors occurred during the school closures

[13–15]. Most obviously children typically engage in lower levels
of physical activity and more sedentary time as compared to
school days [13]. And many children have experienced unba-
lanced diets during the pandemic response [4]. In sum, the COVID-
19 school closures have reinforced the obesogenic environment.
As expected, our results showed that childhood obesity pre-
valence increased after the COVID-19-related school closures, and
compared to the pre-COVID-19 periods, preschool children’s BMI
decreased the least during the school closures.
There is considerable concern about whether the rising obesity

rate is related to unhealthy weight gain. Although recent studies
have concluded that the reduced physical activity resulting from
the enforced quarantine would contribute to weight gain
[13, 16, 17], we observed no noteworthy difference in the
children’s weight change among the three studied periods. More
surprisingly, there was even a drop in the children overweight rate
after the school closures period. During the school closures, in

Fig. 1 The BMI change of the preschool children over the three periods. Compared to the pre-COVID-19 periods, preschool children’s BMI
decreased the least during the school closures.

Fig. 2 The height change of the preschool children over the three periods. A The height change in boys; B The height change in girls.
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response to social distancing policies, children may eat less
frequently in restaurants, usually rich in fats, sugars, and salt.
Experts in sports medicine have called for that diet matters more
than exercise in weight loss, and poor diet generates more disease
than physical inactivity, alcohol, and smoking combined [18].
Based on our results, we thus consider that, during the school
closures, the effect of weight loss due to reduced calorie intake
was more powerful than weight gain due to reduced physical
activity. Furthermore, it was suggested that over a long period of
time children who are overweight may lower body weight relative
to changes in height [19], which also supported our results. In
addition, the decreased overweight rate may partly contribute to
the increased obesity rate, as a proportion of children who were
overweight became obese.
For height changes, compared with the pre-COVID-19 periods, the

average increase in height during school closures was about 1 cm
less, suggesting the reduced physical activity due to school closures
may have contributed to the limited growth in height. The latest
statistics show that over the past 35 years (from 1985–2019), China
has become the country with the largest gains in height for children
and teenagers aged 5–19 [20]. And after school closures, we
evaluated the preschool children’s height, and found they were still
in a good growth state with most children had a height value above
P50. Even so, if COVID-19 school closures lasting a year or more, there
may be enormous consequences for children’s overall physical health.
In order to minimize the adverse impact of COVID-19, innovative,
robust, and highly adaptable strategies must be taken to promote
physical activity at home or in residential settings. And schools could
make concerted efforts to incorporate physical activities into distance
learning curriculum. Moreover, a pro-healthy diet based on rich
protein-low fat food, healthy fats, and plant food is also a key strategy.
To the best of our knowledge, this was the first study

analyzing weight and height changes in preschool children
during the COVID-19-related school closures period. The
strengths of the study included the timeliness of the baseline
survey across the school closures period and wide geographic

representation. Yet, some limitations existed. First, our sample
was not geographically equally distributed, with almost half of
the participants resided in Jiangsu province (relatively devel-
oped areas) and none in Hubei province (outbreak site of
COVID-19). Therefore, the observed impact of the pandemic on
childhood obesity may have been diminished. Second, this
study concerns children in kindergarten years so that the
findings may not be generalizable to all children and adoles-
cents. Lastly, the lack of information on diet and physical activity
may limit the comparability of outcomes between the COVID-19
period and pre-COVID-19 periods studied. Further studies in
larger, more racially/ethnically diverse populations are needed
to confirm the preliminary results.
Overall, height increase in children seemed to be more

affected than weight change during the school closures. Of
public health concern is these short-term changes in
response to COVID-19 may become permanent, leading to
an increased risk of obesity in children as they get older.
Programmatic and policy strategies during the pandemic
should therefore focus on increasing physical activity,
reducing sedentary time, and promoting healthy diets, which
deserves full support and dissemination by all of us. In a
comprehensive evaluation of the effective control of the
epidemic and the slight impact on children’s height, school
closure is more beneficial than harmful in the short term.
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