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Coronavirus disease 2019 (COVID-19) is causing disruptions in the global social system.  Japanese 
children and adolescents have had their schools closed, government-mandated activity restrictions 
imposed, and interactions outside the home reduced.  These restrictions can have a considerable 
psychological impact on children and adolescents.  This review aims to describe the impacts of COVID-19 
pandemic on physical activity and psychological status of this population.  The review was conducted by 
searching PubMed for information on the impact of COVID-19−related activity restrictions on children and 
adolescents.  The search identified 11 articles, three of which contained data on anxiety and psychological 
problems due to physical inactivity.  Next, a PubMed search was conducted about physical activity and 
psychological status in children and adolescents under psychological stress.  The search identified 368 
articles, 28 of which were included in the review.  For children, data that revealed a correlation between 
physical activity and psychological health and sedentary time leading to mood disorders were included.  
For adolescents, there were nine studies that reported a correlation between physical activity and 
psychological health and four studies that reported no correlation between physical activity and 
psychological health.  Of the studies that reported a correlation, seven reported that physical activity 
improves psychological health.  The impact of psychologically stressful situations such as COVID-19 on 
children and adolescents has been experienced worldwide.  Physical activity has been correlated with 
psychological health, and it may improve psychological status; physical activity should be recommended to 
better support the psychological health of children and adolescents under the influence of COVID-19.  

Keywords: coronavirus disease 2019 (COVID-19) pandemic; disaster medicine; mental health; physical activity; 
school restriction
Tohoku J. Exp. Med., 2021 March, 253(3), 203-215.

Introduction
Coronavirus disease 2019 (COVID-19) caused by 

severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) has posed a significant threat to health globally 
(Zhou et al. 2020b; Wang and Xu 2020).  In December 
2019, this new coronavirus began its spread in Wuhan, 
Hubei Province, China, and by February 13, 2021, it had 
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infected more than 108,762,911 people worldwide 
(COVID-19 Coronavirus Pandemic: https://www.worldom-
eters.info/coronavirus).  

In this review, physical activity, and psychological 
state under stress, such as COVID-19 lockdown, were 
examined in children and adolescents.  By reviewing 
research on COVID-19 that is currently affecting children 
and adolescents, as well as previous research on children 
and adolescents under similar stress, we believe that we can 
better understand the current psychological state of children 
and adolescents and use this information to support them.  

The impact of COVID-19 lockdowns on children and 
adolescents

The lockdowns began in China and continued in the 
United Kingdom, India, and Spain.  In Japan, however, 
school closures and activity restrictions were imposed in 
the form of self-restraints rather than a lockdown.

As shown in Fig. 1, nationwide lockdown measures 
were first implemented by the Chinese central government 
on January 23, 2020, which brought Chinese society almost 
to a standstill (Fu et al. 2021; Bao and Zhang 2020).  Next, 
lockdowns began in March 2020 in the UK and Peru 
(weeks 11 and 12 of 2020 in the UK; March 16-28 in Peru 
(Kwok et al. 2020; Montano and Gushiken 2020).  India, 

Spain, and Australia also began lockdowns in March 2020, 
but the lockdown period was long, continuing until June 
(Naqvi et al. 2021; Picchio et al. 2020; Wang et al. 2020b).  
In New Zealand and Urban Ghana in sub-Saharan Africa, 
the lockdown period was almost the entire month of April.  
In contrast, Latin America had implemented stringent lock-
downs for more than three months, since the second half of 
March 2020 (Chen et al. 2020).  The COVID-19 pandemic 
resulted in physical isolation measures in many parts of the 
world (Gallo et al. 2020).  The enforcement of extremely 
strict pandemic prevention measures worldwide (e.g., the 
mandatory closure of schools and the suspension of all non-
essential commercial activities) seriously affected people’s 
daily life and work activity, and placed many for-profit 
organizations at risk of failure (Ayittey et al. 2020).

Japan has been trying to control the spread of COVID-
19 since early 2020 through a policy encouraging the public 
to avoid “closed spaces, crowded places, and close-contact 
settings,” instead of through a complete lockdown (Karako 
et al. 2020).  Further, the Japanese government requested 
that all primary and secondary schools close temporarily 
from early March, declared states of emergency in April, 
and lifted them in late May (Inada et al. 2021).

Fig. 1.  Global COVID-19 related lockdown of 2020.
	 The top row shows the month of 2020.  The left column shows the respective countries in COVID-19-related lockdown.  

The horizontal bars indicate the duration of the lockdown.  
	 The periods of lockdown for each country were as follows; China: from January 24 to February 9, 2020; England: 

11th/12th week in 2020; India: March 24, 2020 for three weeks up to April 14, later extended until the end of June; 
Spain: March 14−June 21, 2020; Peru: March 16−28, 2020; Australia: March 15−June 1, 2020 and from June 30, 2020; 
New Zealand: March 25−April 28, 2020 (33 days); Latin America: more than three months since the second half of 
March 2020; Urban Ghana in sub-Saharan Africa.

	 Period of restraint below the horizontal line: Instead of a complete lockdown, Japan instigated a self-restraint request 
policy of three weeks’ duration in April 2020 and Tokyo, Japan from March 1−July 31, 2020.
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The psychological and physical effects of a lockdown
Regardless of the effectiveness of such measures in 

controlling an outbreak, the psychological effects of a wide-
spread contagion and lockdown are inevitable (Rubin and 
Wessely 2020).  A pandemic and related containment mea-
sures—namely quarantine, social distancing, and self-isola-
tion—can have a detrimental impact on mental health 
(Marazziti and Stahl 2020).  In a study of the initial phase 
of the COVID-19 outbreak in China, more than half of the 
respondents rated the psychological impact as moderate-to-
severe in response to the occurrence of the contagion, and 
approximately one-third of the respondents reported moder-
ate-to-severe anxiety (Wang et al. 2020a).  Similar data 
have been reported in Japan.  For example, Shigemura et al. 
(2020) suggested that fear of emerging infectious diseases 
raises anxiety levels in healthy individuals and may mani-
fest as a range of psychological, behavioral, and/or psycho-
somatic conditions.  As an integral part of COVID-19 
response, mental health needs should be addressed (Fiorillo 
et al. 2020).

Simultaneously, the lockdown may have reduced indi-
vidual physical activity.  This is a serious concern because 
negative psychological effects of prolonged periods of 
physical inactivity have been reported.  The lockdown 
issued by the Spanish government due to the outbreak of 
the COVID-19 forced the Spanish population to self-isolate 
at home.  Carriedo et al. (2020) showed that individuals 
who regularly engaged in vigorous physical activity during 
the first week of confinement reported higher resilience in 
terms of higher locus of control, higher self-efficacy, and 
higher optimism.  Additionally, Maugeri et al. (2020) 
showed that quarantine in Italy induced a significant reduc-
tion in total weekly physical activity energy expenditure in 
all age groups, and this reduction negatively affected psy-
chological well-being.

Global impact of the COVID-19 related lockdown on 
children and adolescents

Social isolation due to COVID-19 caused significant 
disruption of daily routines for the global community, espe-
cially children.  Most schools were closed, classes were 
cancelled, and learning became home-based or online to 
encourage adherence to social distancing guidelines, with 
the goal of restricting the spread of the virus (Shah et al. 
2020).  As shown in Fig. 2, headaches and migraine symp-
toms improved during the lockdown because of relief from 
school-related stressors (Papetti et al. 2020; Dallavalle et al. 
2020).  Inappropriate use of pediatric emergency care 
appeared to have reduced (Keays et al. 2020; Vierucci et al. 
2020).  Type 1 diabetes among children appeared to have 
worsened during the lockdown period due to lifestyle 
changes (Brener et al. 2020) but stabilized through medical 
care (Ceconi et al. 2020; Passanisi et al. 2020).

Twenty-five articles and reviews were found on the 
impact of the COVID-19 related lockdown on the mental 
health of children and adolescents.  It has been shown that 

companionship is essential for children’s normal psycho-
logical development and well-being (World Health 
Organization 2004).  Townsend (2020) suggested that the 
COVID‐19 pandemic lockdown response has had a dispro-
portionate and damaging effect on the lives, mental health, 
and well‐being of young people globally.  Young people 
have been neglected in policymaking, and their needs have 
been subjugated to those of adults, which contravenes the 
UN Convention on the Rights of the Child.  Spanish chil-
dren were locked down for 72 days due to COVID-19.  
After lockdown, adolescents’ problems increased signifi-

Impact of lockdown due to 
COVID-19

FeelingDecrease in 
school activities

Decrease in 

Feeling 
obligated to stay 

home

Effect on 
lif t lschool pressure lifestyle

Children and adolescents 

Positive Negative

Children and adolescents 
with diseases with diseases

〇 Referrals to a diverse 
range of mental health 
services (Tromans et al. 2020)

〇 Children aged < 10 years

〇 Headache (Papetti et al. 
2020)

〇 Migraine symptoms 
〇 Children aged < 10 years 
with type 1 diabetes (Brener 
et al. 2020) 

Typical children and 
d l

(Dallavalle et al. 2020) 

〇 Utilization of pediatric 
emergency services (Vierucci 
et al. 2020) 

adolescents
〇 Psychological problems 
(Ezpeleta et al. 2020)

〇 Anxiety in older 
adolescents

〇 Decrease in severe/urgent 
visits for school-aged children
(Keays et al. 2020) 

〇 Glycemic control in type 1 adolescents 
(Smirni et al. 2020) 

〇 Anxiety and loneliness 
(Kılınçel et al. 2020) 

〇 Glycemic control in type 1 
diabetes mellitus (Ceconi et al. 
2020; Passanisi et al. 2020) 

Fig. 2.  The Effects of COVID-19 related lockdown on 
children and adolescents under psychological stress.

	 The “Positive Effect” column indicates studies that re-
ported a positive effect due to COVID-19-lockdown.  
The “Negative Effect” column indicates studies that re-
ported a negative effect due to COVID-19-lockdown.  

	 The box “Diseases that children and adolescents had be-
fore lockdown” indicates studies of children and adoles-
cents with disease.  Six studies indicated that the lock-
down had a positive effect on headaches, including 
improvements in headaches due to reduced school effort 
and anxiety.  Two studies showed that lockdown had 
negative effects, including changes in lifestyle.

	 The box “Mental health” denotes studies of normal chil-
dren and adolescents.  None of the studies showed a posi-
tive effect of lockdown.  Three studies showed that lock-
down had a negative impact, including a decrease in 
physical activity.
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cantly compared to pre-lockdown, in terms of conduct, peer 
relationships, prosocial behavior, and problems overall, 
with effect sizes ranging from small to medium (Ezpeleta et 
al. 2020).  

Sicilian study reported that the lockdown negatively 
affected physical activity, with greater impacts on men and 
overweight persons (Giustino et al. 2020).  A decrease in 
physical activity was expected because of social distancing 
(Gilic et al. 2020).  It is also important for children and ado-
lescents to participate in and enjoy physical activity during 
their leisure time (Shahidi et al. 2020).  According to a 
review by Biddle and Asare (2011), evidence shows small 
but consistent associations between sedentary screen time 
and poor mental health.  The World Health Organization 
(2010) recommends that children and adolescents aged 5-17 
years should engage in at least 60 minutes of moderate to 
vigorous intensity physical activity per day.  

Regarding restriction of school activities, even short-
term shutdown of educational institutions and/or being 
forced to stay home are troublesome for children and ado-
lescents (Stewart et al. 2018; Lee 2020); such situations 
predict detrimental effects on their physical and mental 
health, such as diminished sense of normality—schools 
tend to provide such normality.  Additionally, little is known 
regarding the long-term effects of large-scale disease out-
breaks on the health and well-being of children and adoles-
cents (Lee 2020).  The damage that such situations cause in 
children and adolescents may result in the development of 
post-traumatic disorder (PTSD), which can be a highly per-
sistent mental health issue (Bolton et al. 2000; Hiller et al. 
2016; Yule et al. 2000; Morgan et al. 2003; Goenjian et al. 
2018).  It has been shown that PTSD in children and ado-
lescents is associated with the development of other psy-
chological problems (Udwin et al. 2000) and/or associated 
with decreased quality of life (Khachadourian et al. 2015).

Impact of the COVID-19 related restrictions on children 
and adolescents in Japan

In Japan, as of February 12, 2021, 408,327 people 
have been infected with and 6,772 have died with COVID-
19 (Ministry of Health, Labour, and Welfare 2020).  Instead 
of complete lockdown, since the outbreak of COVID-19, 
Japan has been trying to control infection through a policy 
of self-restraint calling for avoidance of “closed spaces, 
crowded places, and close-contact settings” to the greatest 
extent possible (Karako et al. 2020).  Additionally, on 
March 2, 2020, the Japanese government requested elemen-
tary, junior high, and high schools nationwide to give tem-
porary leave after spring break.  Furthermore, the Japanese 
government declared a state of emergency on April 7, 2020, 
which forced all prefectures to take emergency/precaution-
ary measures against the pandemic by April 16, 2020.  This 
led to most Japanese schools closing temporarily until the 
end of May (Ministry of Education, Culture, Sports, 
Science and Technology, Elementary and Secondary 
Education Bureau, Health Education and Food Education 

Division 2020).  
On May 25, 2020, the Japanese government lifted the 

state of emergency in the whole country; thus, allowing for 
the reopening of schools nationwide.  Nonetheless, some 
measures were enforced owing to the pandemic: Students 
had to wear face masks, use different entrances, and line up 
in front of teachers—while keeping safe distances from one 
another—to permit the latter to check their temperatures 
prior to class onset (Kyodo News 2020).  

However, a search on PubMed on February 13, 2021 
showed that there was only one report of the impact on 
children and adolescents in Japan of the restrictions on 
school life for COVID-19 epidemic prevention.  The study 
suggests that the first wave of the COVID-19 pandemic has 
not significantly affected suicide rates among children and 
adolescents during the school closure in Japan (Isumi et al. 
2020).  A search on February 13, 2021 for “Japana Centra 
Revuo Medicina Web” raised concerns that the restrictions 
of school life could interfere with children and adolescents’ 
ego independence by keeping children, adolescents, and 
parents in their homes (Shibata 2020), but no data to sup-
port this claim were available.

Study Design and Findings 
The electronic database PubMed were searched in 

November 2020 using terms “mental health” [MeSH] AND 
(“child” [MeSH] OR “adolescent” [MeSH]) AND (“exer-
cise” [MeSH]) (Fig. 3).  In Japan, this was the time of the 
third wave of the COVID-19 epidemic, but schools were 
not closed as they were during the first and second waves.  
During this period, the effects of COVID-19 on the mental 
health of children and adolescents were being considered 
based on past findings.

Articles (including short reports) on physical activity 
and mental health content were reviewed.  No dates, lan-
guages, or study designs were considered as exclusion cri-
teria.  Only primary research articles were deemed eligible 
and reviews were excluded.

A previous meta-analysis suggested that physical 
activity interventions can improve adolescents’ mental 
health; however, additional studies are needed to confirm 
the effects of physical activity on children’s mental health.  
Findings from observational studies suggest that promoting 
physical activity and decreasing sedentary behavior might 
protect mental health in children and adolescents 
(PROSPERO Registration Number: CRD42017060373; 
Rodriguez-Ayllon et al. 2018).

This work focuses on the relationship between physi-
cal activity and mental health in children and adolescents 
during lockdown due to the COVID-19 pandemic, as 
reported in previous studies.  Thus, the word “COVID-19” 
was added as a search term.  After the eligibility assess-
ment, 11 studies were included and analyzed.  Furthermore, 
researchers have argued that the mental health of children 
and adolescents under stress is different from the normal 
state; thus, we added the term “psychological stress” to the 
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“mental health” [MeSH] AND (“child” [MeSH] OR “ado-
lescent” [MeSH]) AND (“exercise” [MeSH]) search results.  
Finally, after the eligibility assessment, 28 studies were 
included and analyzed (Fig. 3).

Due to variations in methodology and a small final 
sample size, meta‐analysis was not possible (Fig. 3).  Data 
extraction and review of the main themes, research meth-
ods, and findings were undertaken.  A data extraction tool 
was formulated based on current literature and objectives.  
The following information was extracted from each 
research article, (1) authors, (2) year of publication, (3) 
title, (4) definition of mental health, (5) definition of physi-
cal activity, (6) participants, (7) methods, and (8) results.  
After collection, the data were reviewed and a comparison 
between papers was conducted to examine differences and 
similarities.  

Mental health and physical activity under COVID-19 
infectious disease pandemic

A PubMed search for “mental health” [MeSH] AND 
(“child” [MeSH] OR “adolescent” [MeSH]) AND (“exer-
cise” [MeSH]) AND (“exercise” [MeSH]) and COVID-19 
yielded 11 results, four of which were research papers 
(Table 1).  Three of the four studies were from China (Deng 
et al. 2020; Zhang et al. 2020; Zhou et al. 2020a) and the 
remaining were from Spain (López-Bueno et al. 2020).  
Decrease in physical activity during the COVID-19 related 
lockdown period was reported in three studies (López-
Bueno et al. 2020; Zhang et al. 2020; Zhou et al. 2020a).  
Two of these studies in China (Zhang et al. 2020; Zhou et 
al. 2020a) reported that reduced physical activity led to 
worsening mood.  Deng et al. (2020) showed that reduced 
physical activity correlated with worse mood.

Fig. 3.  A search was conducted of PubMed for studies addressing physical activity and mental health of children and 
adolescents.

	 The PubMed database was searched on November 5, 2020 using the keywords children (AND, OR) adolescents, and 
physical activity and mental health.  A total of 3,794 studies were identified, of which 10 related to COVID-19.  Based 
on the studies, we used keywords related to psychological stress.  Three hundred and sixty-eight studies were selected 
by title.  Abstracts of 85 studies were reviewed.  Forty-six full-text studies were included.  Finally, 28 studies were se-
lected for analysis.

Search terms:
“mental health” [MeSH] AND (“child” [MeSH] OR “adolescent” [MeSH]) AND (“exercise” [MeSH])

Search terms: AND “psychological stress”

3,794 original and review articles identified  

11 publications were related to COVID-19  

Search terms: AND psychological stress

368 original and review articles identified

85 abstracts reviewed

Initial title screening for 
appropriateness of  topic

Abstracts evaluated against 
inclusion and exclusion criteria

85 abstracts reviewed

Retrieval and review of full

46 full texts reviewed for eligibility

Retrieval and review of  full 
articles against inclusion and 
exclusion criteria

28 articles and reviews included28 articles and reviews included
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Studies with child samples
Regarding children under stress due to COVID-19, 

previous studies on physical activity and the mental health 
of children under stress were examined.  In total, three arti-
cles examined physical activity and mental health in chil-
dren under psychological stress (Martikainen et al. 2013; 
Culver et al. 2015; Thompson et al. 2020).  Two out of the 
three studies (Culver et al. 2015; Tonorezos et al. 2019) 
found an association between physical activity and mental 
health, as shown in Fig. 4.  In Haiti, Culver et al. (2015) 
conducted a study among 76 children aged 7-17 years liv-
ing in orphanages, showing that an 8-week yoga/dance 
classes may have evoked a reduction in trauma-related and 
EBD-related (i.e., emotional, and behavioral disorder-
related) symptoms; nonetheless, this finding was not statis-
tically significant (p > 0.05; Culver et al. 2015).  Vigorous 
exercise was assessed using the item, “On how many of the 
past 7 days did you exercise or participate in sports for at 
least 20 minutes that made you sweat or breathe hard (e.g., 
dancing, jogging, basketball, etc.)?” (Tonorezos et al. 
2019).

The remaining study reported that sedentary time 
caused deterioration in mood (Endrighi et al. 2016), as 
shown in Fig. 4.  

Studies with adolescent samples
Regarding adolescents under stress due to COVID-19, 

previous studies on physical activity and mental health of 
adolescents under stress were examined.  In total, 23 arti-
cles examined physical activity and mental health in adoles-
cents under psychological stress.  Nine studies revealed a 
relationship between physical activity and mental health, as 
shown in Fig. 4.  Five of the papers discussed the relation-
ship between physical activity and psychological distress 
(Caldwell et al. 2011; Vankim and Nelson 2013; Zhao et al. 

2013; Kleppang et al. 2019; Thompson et al. 2020), while 
the remaining four discussed sedentary time and mood 
deterioration (Padrón et al. 2012; Sloan et al. 2013; Tajik et 
al. 2017; Vandendriessche et al. 2019).  Seven papers stated 
that physical activities improved mental health.  Six of the 
studies discussed the relationship between physical activity 
and psychological distress (Jewett et al. 2014; Costigan et 
al. 2016; Duberg et al. 2016; Chu et al. 2018; Paolucci et al. 
2018; Phillips et al. 2019), while the remaining discussed 
sedentary time and mood deterioration (Endrighi et al. 
2016).

One study considered an aerobic exercise program, 
resistance, and aerobic program, and control delivered dur-
ing physical education lessons or at lunchtime, three times 
per week for 8 weeks (Costigan et al. 2016).  

Four studies found no link between physical activity 
and mental health (Holmes et al. 2016; Sagatun et al. 2016; 
Gotink et al. 2017; Opdal et al. 2019).  Opdal et al. (2019) 
suggested that the effect of physical activity on mental 
health seems to be present in adulthood, but not in adoles-
cence; in their assessment, physical activity may play dif-
ferent roles in these two life periods.

Discussion
We conducted a review to estimate the prevalence of 

changes in the physical activity and mental health of chil-
dren and adolescents due to the COVID-19 related lock-
down.  Based on our results, we estimate that the COVID-
19 related lockdown affected the physical activity of 
children and adolescents negatively, namely, fewer were 
allowed/had the opportunity to achieve sufficient levels of 
physical activity.

Participants Site Physical activity Mental health Authors

Children and 
adolescents

Yan’an, 
China

Moderate-to-vigorous 
physical activity

Mood states Zhang et 
al. (2020) 

School-aged children 
and adolescents 

Spain Weekly minutes of  
physical activity 

López-
Bueno et 
al. (2020) 

College students Wuhan,
China

Regular and sufficient 
exercise

Mental status Deng et al. 
(2020)

F l d l t M i l d Ph i l i E i i ZhFemale adolescents 
aged 11-18 years

Mainland 
China

Physical exercise 
duration

Experiencing 
depression

Zhou, 
Yuan et al. 
(2020) 

Table 1.  Characteristics of the included articles on children and adolescents under COVID-19-related stress.

Four articles were obtained from a search on physical activity and mental health under the influence of 
COVID-19.  Three of the studies showed a decrease in physical activity because of COVID-19.  Two of the 
studies stated that mental health deteriorated due to decreased physical activity as a result of COVID-19.
Deng et al. (2020) said there is a correlation between college students’ usual physical activity and mental 
health.
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Findings of previous research on physical activity and 
mental health

Many previous studies, such as Buchanan and Keats 
(2011), reported that exercise is one of the most useful cop-
ing strategies after trauma and disastrous events.  Despite 
many reports that physical activity has a significant correla-
tion with mental health among children and adolescents 
under psychological stress (Sagatun et al. 2007; Zhao et al. 
2013; Sloan et al. 2013; Culver et al. 2015; Duberg et al. 
2016; Endrighi et al. 2016; Phillips et al. 2019; Tajik et al. 
2017; Lucas-Thompson et al. 2019; Tonorezos et al. 2019; 
Vandendriessche et al. 2019), our review also demonstrated 
that some studies found no such correlation (Holmes et al. 
2016; Opdal et al. 2019).  Highlighting a possible explana-
tion for this inconsistency in the literature, Opdal et al. 

(2019) indicated that prior studies had utilized self-report 
measurements to assess physical activity, which may have 
led to inaccurate results.  Corroborating this suggestion, 
Slootmaker et al. (2009) showed that, on average, adoles-
cents’ self-reports demonstrated that they spent 9 hours 
more in moderate physical activity per week and almost 3 
hours more in vigorous activity per week compared with 
the numbers assessed by an accelerometer; namely, the ado-
lescents overestimated their physical activity.  

Children and adolescents experiencing restrictions to 
school life like those due to the COVID-19 pandemic

A search of PubMed in November 2020 showed that 
there have been no reports on the impact of the restricted 
school life during COVID-19 on children and adolescents 
in Japan.  However, a search for restrictions on school life 
in Japan revealed reports of elementary school children in 
Fukushima after the Great East Japan Earthquake (Nomura 
et al. 2016).

After the Great East Japan Earthquake 2011, Japanese 
children and adolescents living in Fukushima faced restric-
tions in physical activity because although the area itself 
was not affected by the tsunami that accompanied the earth-
quake (which destroyed the environment to a significant 
extent), it was affected by radiation (Seto et al. 2019; Seto 
and Imamura 2020).  Two studies provided two relevant 
findings: Time spent outdoors was positively associated 
with greater levels of overall physical activity, and adoles-
cents living in disadvantaged neighborhood environments 
had limited opportunities for outdoor play (Karsten 2005; 
Kepper et al. 2020).  

Oe et al. (2018) and Itagaki et al. (2017) also analyzed 
children’s physical activity after the Great East Japan 
Earthquake 2011, targeting the following areas: Hirono, 
Naraha, Tomioka, Kawauchi, Okuma, Futaba, Namie, 
Katsurao, Iitate, Minamisoma, Tamura, Kawamata, and 
some hot-spots (i.e., places associated with high levels of 
radiation) areas (Fig. 5).  To give some context, following 
the earthquake, the government designated the 20-km 
radius around the Fukushima Daiichi Nuclear Power Plant 
as a “restricted area,” which faced compulsory evacuation.  
This is an area where more people were affected by radia-
tion than were the tsunami victims (Oe et al. 2018).  
Moreover, in Itagaki et al. (2017), the researchers catego-
rized participants who exercised regularly (i.e., daily, 2-4 
times a week, or once a week) as the exercise group, and 
participants who almost never exercised as the no exercise 
group.  Results showed that the exercise group had signifi-
cantly lower median scores than the no exercise group on 
the Strengths and Difficulties Questionnaire (Goodman 
1997), which assesses children’s emotions and behaviors 
(Itagaki et al. 2017).

Intervention studies of children and adolescents 
affected by disasters have thoroughly considered various 
strategies that can be used in individual cases, including 
psychotherapeutic techniques (Pfefferbaum et al. 2014) and 

Children under psychological stress

Physical Activity Mental Health

Exercise Trauma-related distress
(Tonorezos et al. 2019)

Depression (Culver et al. 2015)

Sedentary 
time

Mood disturbances (Endrighi et 
al. 2016)

Ad l t d h l i l tAdolescents under psychological stress

Physical Activity Mental Health

Physical Less psychological distressPhysical 
activity (Thompson et al. 2020; 

Vandendriessche et al. 2019; 
Kleppang et al. 2019; etc.) 

)
Physical

Protection against poor mental 
h lth (Philli t l 2019 ChPhysical

activity
health (Phillips et al. 2019; Chu 
et al. 2018; Paolucci  et al. 
2018; etc.)

Physical Protection against poor mental 
health (Opdal et al 2019;activity health (Opdal et al. 2019; 
Gotink et al. 2019; Holmes et al. 
2016; etc.)

Potential to maintain mental health by recommending 
physical activity during COVID-19 related lockdown

Fig. 4.  Previous research on physical activity and mental 
health of children and adolescents under psychological 
stress.

	 “Children under psychological stress” shows studies of 
physical activity and mental health under psychological 
stress and the respective authors.  Two of the three stud-
ies found a link between physical activity and mental 
health, and one study found that sedentary time leads to 
mood disturbances.

	 “Adolescents under psychological stress” shows studies 
of physical activity and mental health under psychologi-
cal stress and the respective authors.  Nine of the twenty 
studies found a link between physical activity and mental 
health, and one study found that sedentary time leads to 
mood disturbances.  Seven studies found physical activi-
ties, such as dancing and school sports, led to improve-
ment in mental health.  
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a web-based intervention for adolescents affected by torna-
does (Ruggiero et al. 2015).  In contrast, intervention strate-
gies to allow for the population-based management of chil-
dren in post-disaster settings have rarely been investigated.  
One of the few studies of the topic introduced a specific 
school-based intervention, called the School Therapeutic 
Enhancement Program, in a school district affected by 
Hurricane Katrina (Goldman et al. 2015).  Moreover, 
Berkowitz et al. (2011) reported the effectiveness of the 
Child and Family Traumatic Stress Intervention, which 
focused on two key risk factors of poor social or familial 
support and poor coping skills, in its effort to prevent 
chronic PTSD within 30 days of exposure to a potentially 
traumatic event, such as maltreatment, victimization, and 
intentional or unintentional injury.  Cransac-Miet et al. 
(2021) showed that the COVID-19-related lockdown had a 
negative impact on lifestyle in a representative sample of 
stay-at-home patients with chronic coronary syndromes.  In 
particular, a rapid (i.e., after only 4 weeks of COVID-19-
related lockdown) decrease in physical activity was com-
mon.

However, one of the barriers to widespread application 
of such interventions relates to human resources.  These 
types of interventions require a considerable number of 
staff and specialists, which also requires significant finan-
cial resources (Okuyama et al. 2017a).  For example, 
Okuyama et al. (2017b) examined the effects of counseling 

for high school students suffering after the Great East Japan 
Earthquake 2011.  Results showed that although counseling 
was effective against PTSD and depression, it was not 
effective against anxiety symptoms, and the intervention 
did not show any effect on some students.  In conclusion, 
these studies demonstrate that introducing physical activity 
practices for children and adolescents affected by the 
COVID-19 pandemic may be a simple and inexpensive 
support method to help maintain their mental health.

Limitations
First, it would have been desirable to categorize the 

papers based on the type of studies—observational, longitu-
dinal follow-ups, and intervention studies—and to discuss 
the relationship between physical activity and mental 
health.  However, as shown in Fig. 4, only few papers could 
be included in this review.  Therefore, it was not possible to 
classify them and discuss the findings accordingly.  Second, 
none of the reviewed articles provided information on how 
many calories or what exercises/physical activities may be 
effective to improve mental health in children and adoles-
cents under psychological stress.  However, we acknowl-
edge that it may be ethically problematic to create a method 
that includes a control group that does not receive the sup-
port given to the intervention group—a method that could 
help demonstrate which activity would be effective to 
improve mental health of this population.  Third, although 

Fig. 5.  Areas of radiation after the Great East Japan Earthquake and Fukushima Daiichi Nuclear Power Plant accident in Fukushima 
prefecture. 

	 Tsunami and radiation damage in Fukushima following the Great East Japan Earthquake 2011 and the consequent major damage to 
the Fukushima Daiichi Nuclear Power Station.  

	 Concentric circles indicate the distance from the Fukushima Daiichi Nuclear Power Station.  Blue regions are places that were inun-
dated by the tsunami caused by the Great East Japan Earthquake 2011.
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it was shown that the performance of physical activity in 
the outdoors/natural environments was beneficial for the 
mental health of children and adolescents under stress 
(Thompson et al. 2011), none of the reviewed articles com-
pared the effects of indoor and outdoor physical activities.

Furthermore, our results highlighted the effect of not 
only physical activity but also of different mediating factors 
on the mental health of children and adolescents.  For 
instance, Macdonald-Wallis et al. (2011) and Salway et al. 
(2018) showed that school-based friendship groups were 
associated with physical activity.  In summary, we suggest 
that future studies should examine the mediating factors 
between physical activity and mental health.

Strengths
The major strength of this review was that it examined 

the possible effects of physical activity on mental health in 
Japanese children and adolescents affected by the school 
restrictions due to the COVID-19 pandemic.  Currently, few 
studies are available on the relationship between physical 
activity and mental health in children and adolescents under 
stress.  Thus, this review can serve as a theoretical frame-
work, as well as highlighting the need for interventions that 
elicit physical activity among children and adolescents 
affected by the COVID-19-related lockdown; we suggest, 
based on the review, that greater levels of physical activities 
may improve the mental health of this population under 
such restricted circumstances.  

Conversely, we also demonstrated that sustaining sed-
entary behaviors (e.g., watching TV) without regular physi-
cal activity could worsen mental health.  However, previous 
studies have also shown that it is important not only to pro-
mote physical activity, but also to introduce interventions 
that lead to physical activity (Karsten 2005; Ding et al. 
2011; Seto et al. 2019; Seto and Imamura 2020; Kepper et 
al. 2020).  This is an important perspective when consider-
ing people affected by the COVID-19 related lockdown.  
During the lockdown, commuters may increase the use of 
their personal car rather than public transport, potentially 
reducing physical activity levels and leading to negative 
health and environmental effects (Brooks et al. 2020).

The geographic characteristics of Japan make the 
country highly vulnerable to disasters such as earthquakes, 
typhoons, volcanic eruptions, flash floods, and landslides 
(Nguyen et al. 2019).  The Japanese municipal government 
has potentially the greatest impact on the population; there-
fore, it is responsible for issuing evacuation orders, opening 
and operating evacuation centers, and managing relief 
efforts.  When an evacuation order is issued by a local 
municipality, residents who live in specific zones are man-
dated to evacuate (Sakurai and Adu-Gyamfi 2020).  Several 
factors have been associated with increased COVID-19 
infection rates, such as the displacement of large numbers 
of people into overcrowded shelters, high exposure to dis-
ease vectors, and lack of water and sanitation (Nawfal et al. 
2020).  To prevent some of these factors through social dis-

tancing, countries have suggested or enforced the narrow-
ing of the range of activities that are permitted in shelters, 
consequently reducing the amount of physical activity that 
may occur therein.  Hence, to maintain the mental health of 
children and adolescents even during such distressing times 
(e.g., during a pandemic), we highlight the need to develop 
interventions to promote physical activities that can be per-
formed in limited spaces (e.g., an evacuation center) as nec-
essary.

Conclusions
We found through a literature review that physical 

activities might help reduce mental health issue among 
Japanese children and adolescents affected by school 
restrictions due to the COVID-19 pandemic.  Thus, stake-
holders in the mental health of children and adolescents 
worldwide should recommend physical activity because it 
is a feasible and helpful form of long-term psychological 
support.
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