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Abstract The present study aimed to longitudinally clarify differences in physical fitness between Japanese
kindergarteners who experienced school closure due to COVID-19 (COVID-19 pandemic group) and those who did
not (control group). For the COVID-19 pandemic group, 51 children underwent physical fitness measurements at
three years old in November 2019, four years old in November 2020, and five years old in November 2021. In the
control group, 52 children underwent similar measurements at three years old in November 2017, four years old in
November 2018, and five years old in November 2019. For physical fithess measurements, | performed an analysis
of variance (ANOVA) of group x time for each gender. Regarding body support duration, the COVID-19 pandemic
group performed significantly lower than the control group at four and five years old. The present study
longitudinally revealed that muscle endurance among Japanese kindergarteners who experienced school closure due
to COVID-19 was impaired.
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1. Introduction

In recent years, a decline in children’s physical fitness
has become a problem in Japan [1]. Physical fitness in
children has been shown to predict subsequent exercise
habits [2]. In addition, there is a concern that declining
physical fitness in children may lead to future health
problems, such as obesity and other lifestyle-related
diseases [2]. Therefore, in order to lead a healthy life, it is
important to increase physical fitness from childhood.

Since January 2020, COVID-19 has spread all over the
world, and people have been living under various
restrictions [3]. With COVID-19 declared a pandemic,
several countries announced nationwide school closures,
affecting hundreds of millions of children [3, 4]. During
the COVID-19 pandemic, school-going children around

the world were ordered to stay home to mitigate the spread.

The Japanese government declared a nationwide state of
emergency from 16 April to 14 May 2020, and schools
were closed during this period [5]. Many countries
reported that children’s physical activity decreased during
school closures [6,7,8,9]. In Japan, similarly, the amount
of physical activity among kindergarteners during school
closures due to the COVID-19 pandemic decreased
significantly [10]. A decline in physical activity during
childhood leads to an increase in obesity and subsequent

reduction in physical fitness [11,12,13]. Therefore, long-
term school closures intended to prevent infectious
diseases may adversely affect children’s physical health,
including increasing the number of obese children and
lowering physical fitness levels [4]. Several reports show
a decrease in children’s physical fitness and increase in
childhood obesity after COVID-19 [14,15,16,17].
However, since these reports only compare physical
fitness measurement results before and after the COVID-
19 pandemic, there is concern that the original physical
fitness differences of each participant may be reflected.

It is thus necessary to clarify the effects of school
closures due to COVID-19 on physical fitness by
comparing the results measured at the same time before
and after the pandemic with children who had shown the
same physical fitness level before COVID-19. The present
study is significant for recognizing the importance of
improving the physical fitness levels of children.
Additionally, it is necessary to consider the impact on
children’s physical fitness when considering school
closures due to an outbreak of infectious diseases, such as
COVID-19, in the future.

The purpose of the present study was to longitudinally
clarify the difference in physical fitness between children
who experienced school closures due to the COVID-19
pandemic in Japan (hereinafter referred to as the COVID-
19 pandemic group) and those who did not (hereinafter
referred to as the control group). It was assumed that the



74 Journal of Physical Activity Research

physical fitness of children was hindered by the
experience of school closures due to COVID-19.

2. Methods

2.1. Participants

Three classes from one of the four kindergartens in the
town where the present study was conducted, were
involved. The participants included 51 three-year-old
Japanese children (26 boys, 25 girls; mean age (M) = 50.5
months, standard deviation (SD) = 3.1) enrolled in
kindergarten A in November 2019 as the COVID-19
pandemic group. The control group included 52 three-
year-old children (28 boys, 24 girls; M = 50.1 months, SD
= 3.1) enrolled in kindergarten A in November 2017,
which involved the same kindergarten as the COVID-19
pandemic group. The kindergarten attended by the
participants of the present study was closed for about five
weeks from 22 April 2020 to 31 May 2020 due to
COVID-19. Therefore, children in the COVID-19
pandemic group experienced about five weeks of school
closure. All participants spoke Japanese and had
developed enough linguistic skills to understand the
contents of the physical fithess measurements conducted
in the present study. Most of the participants’ parents were
married and living together; most families lived in rural
and non-urban locations, and the typical income level was
middle class. The participants’ mothers had an average
level of education between high school and college. All
participants followed the ministry’s curriculum guidelines
for kindergarten in Japan.

2.2. Ethical Considerations

The present study was conducted in compliance with
the Declaration of Helsinki. | asked the parents of all
children to participate in the present study by giving them
a written statement, that stated that they would not be at
any disadvantage if they did not agree to participate. All
parents (100%) agreed to have their children participate
and submitted a signed consent form. The present study
protocol was approved by the Ethics Committee of
Yamaguchi University (Approval number: 2022-051-01).

2.3. Procedure

The COVID-19 pandemic group underwent physical fitness
measurements, including physique items (height and weight)
in November 2019 (at three years old), November 2020 (at
four years old), and November 2021 (at five years old). The
control group underwent physical fitness measurements,
including physique items (height and weight), in November
2017 (at three years old), November 2018 (at four years old),
and November 2019 (at five years old). Physical fitness was
measured in the kindergarten’s field by an early childhood
physical education instructor, who had extensive experience in
physical fitness measurements for children. It took about 10
minutes to measure physical fitness per person.

2.4. Materials

I measured three physical fitness elements using the
MKS early childhood physical fitness measurement
[18,19], considering the burden on the participants. This
measurement has been shown to be reliable and valid for
assessing physical fitness during early childhood. I also
measured the participants’ height and weight.

2.4.1. Speed

A 25-m run (s) [18,19] was used to measure speed. The
participants ran with maximum effort towards the goal
line 30 m ahead, at the same time as the start signal was
given, after taking a stance of ‘preparation’ with both feet
spread forward and backward so as not to step on the
starting line. The time from the start signal to passing the
25-m point was measured, and the time less than 1/100th
of a second was discarded and recorded. For each
participant, this test was measured once. The lower the
number, the higher the speed capability.

2.4.2. Dexterity

Ball throw (m) [18.19] was used to measure dexterity.
The participants threw a tennis ball as far as possible
without running and without stepping on the 0-m line with
the front foot. The distance from the 0-m line to the ball
drop point was measured, and less than 50 cm was
discarded and recorded. This test was measured twice for
each participant. The better one was used as the
representative value. The higher the number, the higher
the dexterity ability.

2.4.3. Muscle Endurance

Body support duration (s) [18,19] was used to measure
muscle endurance. The participants placed their hands on
the pedestals placed at both ends, 30 cm apart, took a
posture with both elbows extended, lifted both feet off the
floor at the same time as the ‘start’ signal, and maintained
this posture for as long as possible. The time until the
participant could no longer support their weight with both
arms was measured in seconds, and 180 seconds was
recorded as the maximum, considering the burden on the
participants. This test was performed only once. The higher
the number, the higher the muscle endurance ability.

2.5. Statistical analyses

All statistical tests were two-tailed, and a p-value of .05
was employed. Data were analysed with IBM SPSS
Statistics for Windows, Version 27 (IBM Corporation,
Armonk, New York, USA). For each measurement item,
an analysis of variance (ANOVA) was performed for each
of the boys and girls by group (COVID-19 pandemic
group and control group) x measurement time (at three
years old, four years old, and five years old). The
significance level was set at less than 5%. When
interactions were significant, simple main effects were
tested. The Kaup index was calculated by dividing the
weight (kg) by the square of the height (m).
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Table 1. Analysis of variance (ANOVA) results for each measurement item
COVID-19 pandemic group Control group Main effect (ime) Main effect (group) (gi:;L:::in;'\:naj
y Gentee ™IS D T A e f o F
Measures ender .| .| A ] .| .|
Height{cm) 10046 437 10708 442 11323 455 10013 316 10746 334 11415 339 273417 1.00 0.04 0.00 1.36 0.07
Weight (kg) 1533 142 1763 208 1073 270 1564 221 1856 340 2098 424 11808 0.86 047 002 115 0.06
Kaup index 1518 0.84 15.34 102 15.34 132 1556 1.38 16.00 224 16.02 243 171 0.08 0.04 0.03 0.40 0.02
25m run (s) o 1049 162 832 045 840 081 973 101 849 036 772 040 50587 0.76 170 0.08 334 015
Ball throw {m) 350 094 560 165 705 248 382 108 518 160 691 257 2463 056 0.02 0.00 031 0.02
Body support duration (s) 2340 897 2790 1175 3350 2274 2391 1412 65.00 39.12 7291 3405 1146 038 539" 0.22 560" 023
Height(cm) 97.88 446 10495 471 11109 490 0057 397 10723 421 11358 463 1421017 0.99 118 0.06 131 0.06
Weight (kg) 1475 121 1735 147 1902 198 1620 192 1899 278 2160 335 17123 0.90 249 0.8 3 013
Kaup index gils 1540 077 1575 093 1541 126 16290 105 1645 147 1673 193 163 0.8 138 017 218 0.0
25m run (s) 1086 128 834 070 850 071 001 126 835 054 768 047 5840 0.7 126 023 184 0.8
Ball throw {m) 277 144 377 140 436 252 345 085 550 126 641 132 1049" 049 146 030 185 0.8
Body support duration () 2055 742 2764 846 4391 2478 2627 1074 3600 1847 7945 3611 3138 061 12007 038 520 021
“p<.05,“p<.01, "p<.001
significantly higher than that at three years old (M =
3. Results 20.5, SD = 7.4) (p < .05).
The ANOVA (shown in Table 1) revealed no

significant interaction for height, weight, Kaup index, 25-
m sprint, and ball throwing for both boys and girls. On the
other hand, the interaction of body support duration for
boys (F (2,38) = 5.69, p < .05, * = 0.23) and girls (F
(2,40) = 5.20, p < .05, 5> = 0.21) was significant.

As the interaction of body support duration for boys
and girls was significant, a simple main effect test was
performed for each. Consequently, regarding body
support duration for boys, the COVID-19 pandemic
group (M = 27.9, SD = 11.8) had significantly lower
performance than the control group (M = 65.0, SD =
39.1) at four years old (p < .05). The COVID-19
pandemic group (M 33.5, SD = 22.7) performed
significantly lower than the control group (M = 72.9,
SD = 54.1) at five years old (p < .05). In the control
group, the result at four years old (M = 65.0, SD = 39.1)
was significantly higher than that at three years old (M
= 23.9, SD = 14.1) (p < .001). The result at five years
old (M = 72.9, SD = 54.1) was significantly higher than
that at three years old (M = 23.9, SD = 14.1) (p < .001).
Regarding body support duration for girls, the COVID-
19 pandemic group (M 27.6, SD 8.5) had
significantly lower performance than the control group
(M =56.1, SD = 18.5) at four years old (p < .001). The
COVID-19 pandemic group (M = 43.9, SD = 24.8)
performed significantly lower than the control group (M =
79.5, SD = 36.1) at five years old (p < .05). In the control
group, the result at four years old (M = 56.1, SD = 18.5)
was significantly higher than that at three years old (M =
26.3, SD = 10.7) (p < .001); the result at five years old
(M = 79.5, SD = 36.1) was significantly higher than
that at four years old (M = 56.1, SD = 18.5) (p < .05);
and the result at five years old (M = 79.5, SD = 36.1)
was higher than that at three years old (M = 26.3, SD =
10.7) (p < .001). In the COVID-19 pandemic group, the
result at five years old (M = 43.9, SD = 24.8) was

4. Discussion

A significant reduction in physical activity after the
COVID-19 pandemic was reported in children aged 6 to
17 years in China compared to before the pandemic [9].
On the other hand, for children aged 4 to 17 in Germany,
although the amount of physical activity at schools and
sports clubs that were not implemented during the
lockdown under the COVID-19 pandemic decreased, the
amount of physical activity such as outdoor play in the
park and walking increased [20]. It was impossible to go
outside to exercise during the lockdown in China.
Therefore, regarding the difference in the impact of
activity restrictions due to the COVID-19 pandemic on the
amount of physical activity of people between countries, it
has been suggested that there is a difference in the degree
of movement restriction measures between countries [20].
In Japan, schools were temporarily closed nationwide, but
strict behavioural restrictions such as curfews were not
enforced [21]. Indeed, during the COVID-19 pandemic in
Japan, it has been reported that kindergarteners engaged in
some form of physical activity with their parents at or near
their homes [15,16]. During the state of emergency
declaration from 16 April 2022 to 14 May 2022, school
closures were implemented to prevent the spread of
COVID-19 [5]. Five-week-long school closures from 22
April 2020 to 31 May 2020 were also implemented at the

participants’ kindergarten. The school was opened as
usual after the closure measures were lifted, regardless of
the spread of COVID-19. Considering the burden on
parents and children, the school closure period was limited

to five weeks. Even during this period, opportunities
were available for physical activity that could be done at
and around the home. This situation may explain why the
development of the Kaup index, speed, and dexterity was
not affected.
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The results of the present study revealed that school
closure due to COVID-19 inhibited the development of
muscular endurance in boys and girls. At the kindergarten
that the participants attended, there were opportunities for
children to play with playground equipment that required
muscular endurance, such as pull-up bars and monkey
bars. Due to school closure, the opportunity to exercise
using playground equipment, which is difficult at home,
was lost for about five weeks, which is thought to have
caused the decline in muscle endurance. COVID-19 could
also be transmitted through physical contact with objects
previously touched by infected individuals [22]. Therefore,
it is assumed that long-term restrictions on the use
of playground equipment that required muscular
endurance, such as pull-up bars and monkey bars in
kindergarten playgrounds and parks, led to a decline in
muscular endurance.

Few studies examined the effects of school closures
during the COVID-19 pandemic on childhood obesity and
physical fitness in children who had similar physical
fitness levels before the COVID-19 pandemic. Regarding
this point, in the present study, | compared the results of
physical fitness measured at the same time before and
after the COVID-19 pandemic, targeting kindergarteners
who showed the same physical fitness levels before the
COVID-19 pandemic. Consequently, it was shown that
school closure due to COVID-19 did not affect the
development of height, weight, Kaup coefficient, speed,
and dexterity, but inhibited the development of muscle
endurance compared to the control group. The strength of
the present study is that | compared the results of physical
fitness measured in the same kindergarten during the same
period before and after the COVID-19 pandemic, in
children who showed similar physical fitness before
COVID-19, to focus on comparisons based on experience
with school closure. The results obtained in the present
study have led to important findings on the physical
fitness of children for parents and teachers, who are
involved with children daily, when kindergartens
implement school closure measures in the future. In the
future, there is enough concern that unknown infectious
diseases, such as COVID-19, could spread globally,
causing school closures to prevent them spreading.
Considering the present study’s results, it is necessary to
perform intentional exercises for improving muscle
endurance at home, according to the actual situation of
kindergarteners when school closure measures are
implemented in the future.

The results of the present study were obtained from
children who attended only one kindergarten and lived
in rural areas, not urban ones. To focus on comparisons
according to school closure, | compared the results
measured at the same kindergarten at the same time
before and after the COVID-19 pandemic, but the small
sample size could limit the present study’s
generalizability. Therefore, future studies should
examine the impact of school closure due to COVID-19
on the physical fitness of children living in urban areas.
Another limitation of the present study was that | was
unable to measure the amount of physical activity and
other fitness factors except for participants’ speed,
dexterity, and muscle endurance.

5. Conclusion

The results of the present study showed that school
closure due to COVID-19 did not influence the
development of height, weight, Kaup coefficient, speed,
and dexterity, but inhibited the development of muscle
endurance in kindergarten children, compared to the
control group. The results obtained in this study should be
used to intentionally implement exercises aimed at
improving muscle endurance in kindergarteners, when
schools are closed long-term (due to a pandemic or an
infectious disease) in the future.
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