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ABSTRACT

Introduction Several studies have examined how

the lockdown restrictions enforced to halt the spread

of COVID-19 have affected children and adolescents’
movement behaviours, but there is a need to synthesise
these findings. Therefore, we conducted this systematic
review to examine the impact of COVID-19 lockdown on
children and adolescents’ movement behaviours.
Methods We searched eight databases and grey literature
for relevant studies of all study designs; and conducted a
narrative analysis of the results following synthesis without
meta-analysis guidelines. We used appropriate tools to
assess the risk of bias in quantitative and qualitative
studies. We compared changes in physical activity, screen
time and sleep duration and quality from before to during
the COVID-19 lockdown.

Results This review included 71 studies reporting data
from 35 countries and territories, mostly from high-income
economies. A majority of the studies used a cross-sectional
design and had fair to poor-quality ratings. Most studies
reported reduced physical activity, increased screen time
and longer sleep hours among children and adolescents.
Children and adolescents facing strict lockdowns saw a
larger decline in physical activity and a sharper increase in
screen time than those under mild restrictions.
Conclusion COVID-19-related lockdowns were
detrimental to children and adolescents’ movement
behaviours, with stricter lockdowns tending to have a
bigger impact. Children and adolescents under COVID-19
restrictions are likely to be less active, spend more time on
screen, and sleep longer hours than before the lockdown.
More studies from low-income and middle-income
countries could provide a clearer picture of the impact.
PROSPERO registration number CRD42021245924.

INTRODUCTION

COVID-19, one of the biggest pandemics in
the history of humankind, has affected almost
every country worldwide. The COVID-19
outbreak that started in Wuhan, China, in
December 2019 has caused 317.26 million
infections and 5.52 million deaths globally as
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What is already known?

» Lockdown restrictions to curb the spread of
COVID-19 may have affected movement behaviours
of children and adolescents.

What are the new findings?

» Lockdown measures to contain the spread of
COVID-19 had mostly negative consequences on
the movement behaviours of children and adoles-
cents worldwide, with children spending less time
on physical activity and more time on screens during
confinement than before the pandemic.

» Children and adolescents facing milder restrictions,
such that they were allowed to go outdoors for exer-
cise while maintaining social distance, were physi-
cally more active and used screens less than those
under stricter lockdowns.

» Children and adolescents had later bedtime and
wake-up time during the pandemic than before the
pandemic.

What do the new findings imply?

» When implementing measures to contain the spread
of infections, authorities should carefully consid-
er the negative consequences of the measures on
the healthy movement behaviours of children and
adolescents.

» Such measures should be introduced in a way that
would have the least effect on children and adoles-
cents’ healthy movement behaviours.

of 13 January 2022." WHO declared a Public
Health Emergency of International Concern
on 30 January 2020 to accelerate action against
the rapidly spreading coronavirus.” Following
the WHO recommendations, governments in
many countries started to enforce lockdown
measures to curb the spread of the virus.
During these lockdowns, schools, businesses
and other non-essential services were closed,
and people were advised to stay inside their
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homes. In extreme cases, public parks were also closed,
and people were not allowed to go out, except for emer-
gencies.?’

Lockdown restrictions greatly affected people’s lives,
especially those of children and adolescents.* Schools,
where children and adolescents spend a significant
amount of time, were closed for months. Their daily
routines changed drastically, and they had more free time.
However, as they had limited opportunity to go outdoors
due to lockdown restrictions and fear of contracting
the virus while being outdoors,” they had to spend most
of their time inside their residence. Such confinement
of children and adolescents inside their house during
this active age can negatively affect their movement
behaviours—physical activity, sedentary behaviour and
sleep.’

Healthy movement behaviours—adequate physical
activity, limited sedentary behaviour, and sufficient
sleep—are critical for healthy childhood development.”
However, these behaviours might be compromised
during lockdown restrictions. School closure means chil-
dren cannot participate in physical education classes,
which are a significant contributor to children’s total
physical activity under normal circumstances.” School
closure also affects active commute to and from the
school.” Additionally, having limited opportunities to go
outdoors during the lockdown would significantly reduce
children’s outdoor play. Confined children with more
free time might turn to screen-based electronic devices
such as mobile phones, tablets, computers and television
for leisure activities."” Children’s sleep patterns might
become irregular as they do not have to attend regular
classes.'" '* Their sleep quality might decrease during
the lockdown because of the fear and anxiety caused by
the pandemic.'™"® Unhealthy movement behaviours are
associated with adverse health outcomes such as obesity,
hypertension, diabetes, cardiovascular diseases, poor
mental health and lower health-related quality of life.'*™"®

Several individual studies have been conducted in
various countries to see the impact of COVID-19-related
lockdown restrictions on children and adolescents’
movement behaviours. However, the results reported by
these studies vary in both the degree and the direction of
effect.”'?*" Moreover, the degree of lockdown restrictions
varies between and within countries and can affect chil-
dren and adolescents' movement behaviours differently.
Stockwell and colleagues conducted a systematic review
to examine changes in physical activity and sedentary
behaviour from before to during COVID-19 lockdown
among the general population.”’ However, this review
included few studies on children and adolescents as it
included studies until October 2020. A systematic review
and meta-analysis was conducted to assess the prevalence
and pattern of sleep disturbances in children and adoles-
cents during the COVID-19 pandemic. However, this
review searched articles only in three databases, and there-
fore, included few studies.? A narrative review of the liter-
ature was done to understand health-related behaviours

among isolated preschool and school-aged children
aged 8-12.” This narrative review included articles from
a limited number of databases, focused on children in
social isolation and social deprivation, and excluded chil-
dren with previous health conditions or diseases. Simi-
larly, Paterson et al conducted a scoping review to explore
the impact of COVID-19 on the movement behaviours of
children and youth aged 5-17 years. However, this review
did not appraise the quality of the evidence, included
some articles without peer review, and did not account
for the varying degrees of lockdown restrictions.** More-
over, many studies have been published on this topic
since these reviews were undertaken. Therefore, we
conducted this systematic review to comprehensively
review the findings from studies conducted in different
settings and varying degrees of lockdown restrictions to
inform policy decisions on enforcement of lockdowns for
subsequent waves of COVID-19 and future pandemics of
similar nature.

METHODS

We registered the review protocol in PROSPERO (regis-
tration number: CRD42021245924, see online supple-
mental file 1) and followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) 2020
guidelines and synthesis without meta-analysis (SWiM)
guidelines.25

Inclusion criteria
We defined the population, exposure, comparators,
outcomes and studies for this review as follows:
Population: Children and adolescents (aged 19 years
and below)

Exposure: COVID-19 pandemic lockdown

We took the reference of an earlier study®® and used
the information provided in each article to categorise the
severity of lockdown into the following five categories.

1. Mild lockdown: schools open, advised to maintain so-
cial distance.

2. Moderate lockdown: schools closed or available to
children of essential workers, advised to stay indoors
and maintain social distance while being outdoors.

3. Strict lockdown: schools closed, non-essential busi-
nesses closed, mandatory home confinement except
for essential reasons, ban on public gatherings, clo-
sure of organised sports and recreation facilities, pub-
lic parks open, allowed to go outdoors at least for a
certain time.

4. Very strict lockdown: schools closed, non-essential
businesses closed, closure of organised sports and rec-
reation facilities, closure of public parks, not allowed
to go outdoors even for exercise.

5. Unclear: no sufficient information on lockdown
available.

Comparators: Outcomes before the COVID-19 lock-
down versus outcomes during the COVID-19 lockdown.
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Outcomes: Movement behaviours—physical activity,
sedentary behaviours and sleep.”’

To be more specific, physical activity is defined as any
bodily movement produced by skeletal muscles that
requires energy expenditure.®® It can take different
forms such as walking, cycling, sports, active recreation
and play, and household chores.”™* Based on intensity,
physical activity can be categorised into light, moderate
and vigorous.™

Sedentary behaviour is any waking behaviour charac-
terised by an energy expenditure <1.5 metabolic equiv-
alents, while in sitting, reclining or lying posture.”
Sedentary behaviours include sitting and using screens,
such as watching television and using smartphones and
computers for playing videogames and accessing the
internet and social media.”' In this review, sedentary
behaviour included use of screens.

Sleep duration is the period between bedtime and
wake-up time.” Sleep quality refers to how well one
sleeps, and can be determined by various components,
such as sleep duration, sleep disturbance, sleep latency
and sleep efficiency.” **

Types of studies: We included original research arti-
cles with all types of study designs, such as randomised
controlled trial (RCT), quasi-experimental, cohort,
observational, cross-sectional and other comparative
studies, as well as case studies and evaluation reports. We
excluded letters, editorials, reviews, conference abstracts
and books.

Search strategy

We searched eight electronic databases: PubMed/
MEDLINE, Web of Science, Cumulative Index of Nursing
and Allied Health Literature (CINAHL), PsycINFO,
PsycARTICLES, Academic Search Complete, SocINDEX,
and Cochrane Central Register of Controlled Trials
(CENTRAL); and grey literature: World Health Organi-
zation (WHO), Centers for Disease Control and Preven-
tion (CDC), European Centre for Disease Prevention
and Control (ECDC), Japan International Cooperation
Agency (JICA) and United Nations Children’s Fund
(UNICEF). Additional studies were hand-searched from
the reference lists of included articles. We conducted the
search at three time points, initially on 30 March 2021,
the first update on 24 September 2021 and the final
update on 10 December 2021. We included all published
papers in the English language from 1 November 2019 to
10 December 2021.

Our search strategy combined both Medical Subject
Headings (MeSH) terms and free-text terms related to
children/adolescents AND lockdown AND movement
and play behaviours (see online supplemental file 2).

Data extraction

Authors RRC and JLS independently searched the afore-
mentioned electronic databases using the search strategy
outlined in the review protocol. The titles and abstracts
of all the articles retrieved from the search were screened

by the two researchers independently, and duplicates
were removed. The full texts of the potential articles
to be included in the study were then reviewed by two
researchers (MK and SU) independently based on the
inclusion criteria. Any discrepancies between the two
researchers were resolved through discussion with a third
researcher (RRC).

We extracted data from the selected studies using an
excel sheet, and included the following information:
author, year and country; study title; source; study design;
study setting; study population; sample size; mean age;
proportion of female; measurement tools for physical
activity, sedentary behaviour and sleep; description of
lockdown; comparison; outcomes and remarks.

Risk of bias and quality of evidence

All the studies finally included in this review were obser-
vational. We used the ‘Quality Assessment Tool for Obser-
vational Cohort and Cross-Sectional Studies’ of the US
Department of Health and Human Services, National
Institutes of Health to assess the risk of bias for cohort
and cross-sectional studies.” For qualitative studies,
we used the ‘Qualitative study: Critical Appraisal Skills
Programme’.”® None of the included studies used RCTs
or mixed-methods design. We used an approach reported
by Geere et al to rate the strength of evidence from obser-
vational cohort and cross-sectional studies, considering
study quality, number of evidence and consistency of
ﬁndings.37

Analysis strategy

We did not perform a meta-analysis due to the hetero-
geneity of designs and measures in the included studies.
Therefore, we conducted a narrative analysis of the
results following the SWiM guidelines (see online supple-
mental file 3).® We categorised studies according to the
three outcomes—physical activity, sedentary behaviour
(screen time) and sleep (duration and quality), and
described changes in relevant indicators from before to
during the COVID-19 lockdown (see figure 1). Studies
under each outcome were presented based on the direc-
tion (ie, increased, decreased, no significant change
from before to during the lockdown) and the effect size
of their results. When necessary, we standardised the unit
of outcome measurements reported among included
studies to compare the results easily.

RESULTS
Figure 2 shows the PRISMA flow diagram. Initially, we
retrieved 14 241 records from the database search and
identified an additional 16 articles from other sources.
After removing the duplicates and screening the titles
and abstracts of the articles, the full texts of 150 poten-
tial articles were assessed. Finally, we included 71 articles
after removing ineligible articles (see online supple-
mental table 1).

Studies included in this review came from a range of
countries and territories—11 studies reported data from
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Figure 1 Conceptual framework for the impact of
COVID-19 pandemic lockdown on movement and play
behaviours of children and adolescents*. *“Adapted and
modified from WHO’s guideline on physical activity,
sede7ntary behaviour and sleep for children under 5 years of
age.

Italy; 9 from the USA; 7 each from Spain and Turkey; 6
from Australia; 5 each from Canada and China; 4 each
from the UK, Poland and India; 3 each from France and
Portugal; 2 each from Germany, the Netherlands, Swit-
zerland, Brazil, Chile, Hong Kong (China) and Malaysia;
and 1 each from Croatia, Ireland, Russia, Sweden,
Ukraine, Bangladesh, Indonesia, Israel, Pakistan, Singa-
pore, Sri Lanka, Uzbekistan, Vietnam, Colombia, Egypt
and Morocco. Of the 71 studies included in this review,
67 were single-country studies—the majority (51) from
high-income economies, 13 from upper-middle-income
economies and 3 from lower-middle-income economies;
and 4 were multicountry studies reporting data from
high-income, upper-middle-income and lower-middle-
income economies. However, one of the multicountry
studies did not specify the countries, instead reported
that data were collected mostly from North America, the
Middle East, Europe and South America. There were no
studies from low-income countries. Twenty-three and 48
studies were published in 2020 and 2021, respectively.
Characteristics of studies included in this review are
presented in table 1. All the studies were observational,
and the majority were quantitative studies. Of the 71
studies, 20 were cohort (data were collected at two
time points, for before lockdown and during the lock-
down; prospective=18 and retrospective=2), 48 were
cross-sectional (data were collected at the same time,
for during lockdown and retrospectively for before the
lockdown or repeated cross-sectional), and 3 were qual-
itative in design. The sample size (range: 9-29 202) and
participants’ age (range: 1-19 years) among the included

3

studies varied widely. A majority of the studies (69%,)
reported strict lockdown, while 9.8% reported moderate
lockdown, 8.5% reported very strict lockdown, 4.2%
reported mild lockdown and 8.5% did not provide suffi-
cient information on lockdown.

The risk of bias assessment for the included quantita-
tive studies is presented in online supplemental table 2.
Almost all the studies clearly stated their research objec-
tive, defined their study population and recruited the
study population following the inclusion and exclusion
criteria. However, most studies (86.8%) did not justify
the sample size as they used a convenience sampling
strategy. None of the studies measured exposure prior to
the outcome because most of them used a cross-sectional
study design. More than 86% of the studies did not have
significant issues in measuring exposure and outcome.
Only 36.8% of the studies had adjusted for potential
confounders. The quality appraisal of qualitative studies
is presented in online supplemental table 3. All the three
studies did not have any major issues in their design and
implementation.

Movement behaviours among apparently healthy children and
adolescents

Physical activity

Changes in physical activity from before to during the
lockdown are presented in table 2. Thirty-four studies
(11 cohort, 21 cross-sectional and 2 qualitative) reported
changes in physical activity among apparently healthy
children and adolescents from before to during the
lockdown. Of these, 25 studies (8 cohort and 16 cross-
sectional and 1 qualitative)®?” ***! observed a decline in
physical activity, 8 (2 cohort, 5 cross-sectional and 1 qual-
itative)? 20 20 926 ohserved no change and 1 (cohort) "
reported an increase in physical activity.

The decline in physical activity among children and
adolescents during the lockdown ranged from 102.5
min per week in a study in Spain® to 91 min per day in
another study from the same country.”® In Brazil, 83% of
the adolescents spent less or much less time on physical
activity during the pandemic than before the pandemic,™
and the proportion of physically active children reduced
from 59.1% to 7.0% during the same period.”” Reduc-
tions in physical activity levels were also observed
among children and adolescents in Chile, Singapore,
the UK, Croatia, Australia (New South Wales), Canada,
Poland, the USA, China, France, Portugal, Italy and
Turkey.2’ 39 #1-51 53 55 56 59-61

In contrast, in some countries, children and adolescents
could maintain or even increase their physical activity
levels despite the pandemic restrictions. For example,
studies from Italy, China, Australia (Western Australia)
and Poland observed no significant change in physical
activity levels from before to during the lockdown among
children and adolescents.” * % % A multicountry longi-
tudinal study also reported no significant change in time
spent on total physical activity among children aged 3-5
years old.”® German children and adolescents were found

4
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Figure 2 PRISMA flow diagram. PRISMA, Preferred Reporting ltems for Systematic Reviews and Meta-Analyses.

to be more active during the COVID-19 lockdown, as
the number of days active in a week and the proportion
adhering to physical activity guidelines increased during
this period (4.3 days/week to 4.7 days/week, p<0.01; and
19.1% to 30.2%, p<0.01; respectively)."

Sedentary behaviour

Exposure to screen

Changes in screen time from before to during the lock-
down are presented in table 3. Thirty-one studies (8
cohort, 21 cross-sectional and 2 qualitative) compared
children and adolescents’ screen time before and during
the lockdown. All of them observed an increase in screen
time during the pandemic compared with before the
pandemic. During the lockdown, the increase in chil-
dren’s screen time ranged from 55 min per day in a multi-
country study® to 2.9 hours per day in Spain.” Another
study from Spain found that children’s screen time
increased by 1.8 hours per day, reaching an alarming
figure of 6.1 hours per day during the lockdown.* Singa-
porean and German children spent daily 1.54 hours
and 1.02 hours more, respectively, on screen during the
pandemic than before the pandemic.'** In Italy, 9 out of

10 Italian children spent more time on screen during the
lockdown than before the lockdown** and the propor-
tion of children and adolescents using smartphone for
four or more hours per day increased from 16.3% before
the lockdown to 66.3% during the lockdown.®” In Brazil,
nearly threefourths of the children reported spending
more or much more time on screen during the lock-
down than before the pandemic.”® Similar findings were
reported in studies from Canada, China, Turkey and
Portugal.* ** %° % Approximately two-thirds of the chil-
dren and adolescents in France and India spent more
time on screen during the lockdown than before the
lockdown.**®

Sleep

Sleep duration, bedtime and wake-up time

Changes in sleep duration, bedtime and wake-up time
from before to during the lockdown are presented
in table 4. Twenty-five studies (9 cohort and 16 cross-
sectional) reported changes in sleep duration among
children and adolescents from before to during the
pandemic. Twelve studies (five cohort and seven cross-
sectional)?’ 9 435052 61 66 7074 1oported an increase, two
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(both cross-sectional )*! %* reported a decrease, and eleven

(four cohortand seven cross-sectional)*2020404953555658 7576
reported no significant change in sleep duration. The
increase in daily sleep duration among children and
adolescents ranged from 11 min in Chile and the USA
to approximately 1 hour in a multicountry study.* ™ ™
Spanish children slept approximately 48 min more on
weekdays and approximately 42 min more on weekends
during the COVID-19 confinement.”® Similar results were
observed among preschoolers in China.” Ttalian and
Singaporean children slept approximately 27 min and 20
min more, respectively, during the lockdown than before
the lockdown.”” "' Studies from the UK and Poland
reported that children slept less during the lockdown
than before the lockdown.”' ** Two multicountry studies
and studies from Spain, Australia, the USA, Portugal and
China did not observe any significant difference in sleep
duration among children and adolescents from before to
during the lockdown 320 2010495556 7576

Ten studies® ¢! 7 775 7779 compared bedtime and
wake-up time and one more study’® compared wake-up
time before and during the lockdown. All of them
reported that children and adolescents went to bed later
and woke up later during the COVID-19 lockdown than
before the lockdown, except three studies, of which one®!
reported no change in wake-up time and two’’ " reported
no change in wake-up time on weekend days from before
to during the lockdown. In Italy, children’s bedtime and
wake-up time shifted by 53 min and 66 min, respectively.”®
A similar shift in bedtime and wake-up time was observed
among Singaporean children.”” A multicountry longitu-
dinal study among children aged 3-5 years observed that
children went to bed 34 min later and woke up 59 min
later.*®

Sleep quality

Changes in sleep quality from before to during the lock-
down are presented in table 4. Nineteen studies (4 cohort,
14 cross-sectional and 1 qualitative) reported changes in
sleep quality from before to during the COVID-19 lock-
down. Eight (one cohort, six cross-sectional and one
qualitative)g9 4047718083 of them observed a decrease,
five (one cohort and four cross—sectional)27 51 78 74 79
observed an increase and six (two cohort and four cross-
sectional)®® ** " 84 ghserved no significant change in
sleep quality.

A decline in sleep quality was reported in studies
from Chile, Spain, Turkey, Egypt, Italy, the UK and
the Netherlands.* * *7 7' 8% [y Chile, sleep quality
among toddlers and preschoolers declined during the
COVID-19 pandemic (sleep quality mean score: 5.68
before the pandemic vs 4.93 during the pandemic,
p<0.001).* Spanish preschoolers showed decreased
sleep efficiency during the lockdown (84.3% before
the lockdown to 82.2% during the lockdown).* A study
among school children in Egypt reported that 49.6% had
difficulty falling asleep, 42.6% woke up afraid and rushed
to parents, 31.4% avoided bedtime and had frequent
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nightmares and 6.6% returned to bedwetting during the
COVID-19 lockdown.® Sixty-nine per cent of Italian chil-
dren and adolescents reported having more difficulty in
falling asleep during the lockdown."

In contrast, Chinese preschoolers and teenagers had
better quality sleep during the COVID-19 lockdown
compared with before the pandemic.”” ™* Children in
Canada and Poland also experienced better quality sleep
during the lockdown.”” *' ™ A multicountry longitudinal
study among children aged 3-5 years old reported no
significant change in the proportion of children with
poor sleep quality from before to during the lockdown.*®

Movement behaviours among children and adolescents with
health conditions
Fourteen studies® ™ assessed the impact of COVID-19-
related lockdown on movement behaviours (physical
activity: 10, screen time: 9, sleep duration: 4, and sleep
quality: 4) of children with health conditions such as
autism spectrum disorder (ASD), attention deficit hyper-
activity disorder (ADHD), type 1 and type 2 diabetes,
obesity, physical disability, neurodevelopmental disability,
psychiatric disorder, fragile X-syndrome and dental wear.
Almost all the studies reported that the movement
behaviours of children and adolescents with health
conditions worsened during the lockdown, except two
studies that reported no significant change in phys-
ical activity® and sleep quality.85 92 Ttalian children with
obesity spent 2.30 hours less per week in sports during
the lockdown than before the lockdown.” Australian
children with ADHD also had less exercise (OR 0.4,
95% CI 0.3, 0.6, p=0.003) during the pandemic than
before the pandemic.95 In Italy, children with obesity
spent 4.85 hours more on screen daily during the lock-
down, reaching an alarming level of 7.61 hours per day
of screen time.”* Canadian children and adolescents with
ASD increased their daily screen time from 3.3 hours
before the lockdown to 6.9 hours during the lockdown.*®
Turkish children with ASD showed increased sleep prob-
lems during the lockdown (total Children’s Sleep Habits
Questionnaire score: 47.82 before the lockdown vs 50.80
during the lockdown, p=0.001).” In Italy, the proportion
of children with Fragile-X Syndrome often having diffi-
culty falling asleep increased from 6% before the lock-
down to 15% during the lockdown.*

Certainty of evidence

Table 5 presents the strength of evidence from quanti-
tative studies on the outcomes. Moderate evidence was
observed for decreased physical activity and increased
screen time during the COVID-19 lockdown than before
the lockdown. The evidence for sleep duration and sleep
quality was inconclusive.

DISCUSSION

Lockdown measures to contain COVID-19 spread had
mostly negative consequences on the movement behav-
iours of children and adolescents worldwide. The majority
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Table 5 Strength of evidence from quantitative data

Movement Strength of
behaviour Quality* Quantityt Consistencyt evidence§
Physical 2 good, 15 fair, 41 Consistent: Moderate
activity (PA) 24 poor 32 studies (78.1%) reported a decrease in PA, 8 (19.5%)
reported no significant change in PA, 1 (2.4%) reported an
increase in PA during the lockdown
Screen time 2 good, 12 fair, 38 Consistent: Moderate
24 poor All studies (100%) reported an increase in screen time during
the lockdown
Sleep duration 1 good, 14 fair, 29 Inconsistent: Inconclusive
14 poor 14 studies (48.3%) reported increased sleep duration, 13
(44.8%) reported no significant change in sleep duration, 2
(6.9%) reported decreased sleep duration
Sleep quality 1 good, 9 fair, 22 Inconsistent: Inconclusive

12 poor

9 studies (40.9%) reported decreased sleep quality, 8 (36.4%)

reported no significant change in sleep quality, 5 (22.7%)
reported an increase in sleep quality during the lockdown

*Quality score based on the National Institutes of Health tool.
TNumber of studies.

FInconsistent: when <75% of the studies reported the same conclusion®”

§Evidence based on quality, number and the outcome of the studies: strong=provided by generally consistent findings in multiple high-
quality quantitative studies; moderate=generally consistent findings in one high-quality quantitative study and one low-quality study or in
multiple low-quality studies; inconclusive=only one study available or inconsistent findings in multiple studies®

of the studies observed a decline in physical activity level
among children and adolescents, while some reported
no change, and one reported an increase in physical
activity during the lockdown. Furthermore, all the studies
observed increased screen time in children and adoles-
cents during the lockdown. Most of the studies reported
an increase in sleep problems during the pandemic than
before the pandemic. Such changes in movement behav-
iours applied to both apparently healthy children and
adolescents, and those with health conditions, with more
profound effects observed in the latter group.

According to the majority of the studies in this review,
children and adolescents were less active during the
COVID-19 restrictions. COVID-19 lockdown created a
disabling environment for children to engage in phys-
ical activity through home confinement orders and
closure of schools and recreation facilities.®” Among the
countries included in this review, Spanish and Brazilian
children and adolescents saw the biggest decline in phys-
ical activity.” °2 %7 % These differences in the pattern
of physical activity could be attributed to the effect of
COVID-19, the degree of lockdown restrictions and the
household environment. Spain and Brazil were among
the hardest-hit countries by the COVID-19 pandemic,
with many COVID-19 infections and deaths.'” The lock-
down restriction in Spain was stringent, and children
were not allowed to go outdoors.” Most Brazilian chil-
dren were living in apartments and had limited access to
outdoor space for physical activity and sports.”® Evidence
has shown that the availability of bigger outdoor space at
the place of residence can positively influence physical
activity among children and adolescents both during and
before lockdown.'"" '

Meanwhile, children and adolescents in some coun-
tries could maintain or even increase their physical
activity levels during the lockdown restrictions. In
Western Australia, children’s physical activity levels
did not change from before to during the pandemic.*’
German children and adolescents were more active
during the COVID-19 restrictions than before the restric-
tions, and the proportion of the children and adolescents
adhering to physical activity guidelines increased during
the lockdown compared with before the lockdown."
Several factors might explain these findings, such as
the nature of lockdown restrictions, the methodological
differences in assessing physical activity and the environ-
ment. The lockdown in Western Australia was relatively
short, and people were allowed to go outdoors for exer-
cise.” Similarly, the lockdown restrictions in Germany
were moderate, allowing outdoor activities if done alone
or with family members.'? These two studies in Western
Australia and Germany tracked various forms of physical
activity across different settings.'” ** People in Australia
were encouraged to exercise during the restrictions
through constant messaging by government officials.*’
They also had a relatively conducive household environ-
ment for active indoor and outdoor play for children.*

In all the studies, the screen time of children and
adolescents increased during the COVID-19 lockdown.
Schools were closed, and children were confined inside
their homes during the lockdown, resulting in more free
time. This increased free time and drastically reduced
outdoor time could have led children to spend more
time on screen for recreation. Parents’ work conditions
during the lockdown might also have affected children’s
screen time. Many working parents were asked to telework
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from home during the lockdown. Children’s screen use
behaviour might have been influenced by that of the
parents. Children might also have been encouraged by
parents to spend their free time on screen to provide a
quiet work environment at home for the parents. The
relationship between family environment and children’s
behaviour has been well established."” Confined chil-
dren and adolescents might use electronic devices more
frequently to connect with their peers via social media.'"*
Similar to physical activity, a pattern can be observed in
children’s increased screen time related to the degree of
restrictions the children faced. The increase in screen
time was higher for children in countries with strict lock-
downs, such as Spain, Brazil and Turkey,3 525868 hile it
was comparatively lower in countries with mild restric-
tions, such as Germany and Australia.'? *’

In nearly half of the studies, children and adolescents
increased their sleep duration, and in most of the studies
that reported bedtime and wake-up time, children went
to bed later and woke up later during the lockdown than
before the lockdown. Such change in sleep patterns
can be seen as normal because the schools were closed,
and children had more free time to relax. They also did
not have to wake up early during the lockdown as they
did not have to rush to the school. Children were also
found to sleep longer during the weekends and holidays
before the pandemic.'* However, relatively longer sleep
duration and later bedtime and wake-up time might be a
problem for children because they will find it difficult to
return to their normal routine once schools resume after
the lockdown.

This review has several limitations. First, empirical
evidence could not be generated using a meta-analysis.
We observed a wide heterogeneity across studies in terms
of outcome indicators and their measurements. We
also did not have sufficient studies to pool the data for
a meta-analysis. Second, a concrete objective measure-
ment of the exposure was difficult. Countries included
in this review had different forms and varying degrees of
lockdown restrictions. Some of the articles also did not
provide sufficient information about the lockdown. We
had to base our analysis on the information provided in
the article because it was difficult to track the detailed
information on lockdowns in different regions of the
countries as it changes quickly. However, we tried to cate-
gorise the severity of lockdown based on the information
provided in the articles. Third, since the studies using
objective (device-based) methods for outcomes assess-
ment were very few, we combined them with those using
subjective methods. Fourth, most studies reported data
from high-income economies, and no study reported
data from a low-income economy. This might limit the
generalisation of the findings of this review to low- and
middle-income settings. Next, most studies collected
data using online self-reported questionnaires, as it
was the most feasible option during lockdown restric-
tions; hence, this might have reduced the reliability
and validity of the data. Finally, most of the studies used

a cross-sectional design, generating a relatively lower
quality of evidence. Despite these limitations, this study
has some strengths. To the best of our knowledge, it is
the first study to comprehensively review the impact of
COVID-19 lockdown restrictions on children and adoles-
cents' movement behaviours. Furthermore, this review
searched articles from a wide range of databases at three
time points and included a large sample of articles from
various countries and territories worldwide.

CONCLUSION

Lockdown restrictions to curb the spread of COVID-19
had a mostly negative effect on children and adoles-
cents' movement behaviours worldwide. Children
spent less time on physical activity and more time on
screens during confinement than before the pandemic.
However, children and adolescents facing milder restric-
tions, such as in Germany and Western Australia, where
they were allowed to go outdoors for exercise while main-
taining social distance, were physically more active and
used screens less than those under stricter lockdowns,
such as in Spain. Children and adolescents tended to
sleep longer hours, with later bedtime and wake-up
time during the pandemic than before the pandemic.
Acknowledging that unhealthy movement behaviours
can negatively affect children and adolescents’ physical,
social and psychological health, appropriate actions are
essential from all the relevant stakeholders. The findings
from this review suggest that the authorities should care-
fully consider the negative consequences of the meas-
ures to contain the spread of infections on the healthy
movement behaviours of children and adolescents while
applying them, and such measures should be introduced
in a way that would have the least effect on children and
adolescents' healthly movement behaviours. Health-
related organisations and authorities should emphasise
the importance of remaining physically active, espe-
cially during a lockdown, and suggest possible ways to
do so. Schools should consider having online physical
education lessons to engage children in physical activity.
Parents should encourage and support their children
to engage in physical activity while maintaining social
distance. They should also motivate and provide a condu-
cive environment for their children to spend their time in
creative activities rather than using the screens. Further
studies with robust study designs should be conducted to
assess the impact of COVID-19 lockdown on the healthy
movement behaviours of children and adolescents. More
studies from low-income and middle-income countries
could help in improving the understanding of the impact.
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Review question
What is the impact of COVID-19 pandemic lockdown on movement and play behaviors of children and
adolescents?

Searches [1 change]

We will search the following electronic databases: PubMed/MEDLINE, Web of Science, CINAHL, PsycINFO,
PsycARTICLES, Academic Search Complete, SocINDEX, Cochrane Central Register of Controlled Trials,
and Grey Literature (WHO, CDC, ECDC, JICA, UNICEF, among others). Additional studies will be hand-
searched from the reference lists of articles. We will include all published papers in English language from
November 2019 to September 2021.

Types of study to be included

Original research articles of all study designs such as randomized controlled trial (RCT), quasi-experimental,
cohort, observational, cross-sectional, and other comparative studies as well as case studies and evaluation
reports will be included in the study. Letters, editorials, reviews, conference abstracts, and books will not be

included.

Condition or domain being studied

Healthy childhood development is fostered through adequate physical activity, limited sedentary behaviors,
and enough sleep, collectively known as movement behaviors. Healthy movement behaviors contribute to
the physical and mental health of children and adolescents (Carson, 2017), including a stronger immune
system (Lasselin, 2016). The COVID-19 pandemic lockdown has led to significant changes in the daily life of
children, adolescents, and their families. Little is known to what extent the COVID-19 pandemic has
compromised their ability to play and meet movement behavior recommendations. In this systematic review,
we aim to examine the impact of COVID-19 lockdown on movement and play behaviors in children and
adolescents.

Participants/population
Participants will include children and adolescents aged 19 years and below.

Intervention(s), exposure(s)
The exposure of interest is COVID-19 pandemic lockdown.

Comparator(s)/control

The comparator will be children and adolescents who have not faced lockdown restrictions during the
COVID-19 pandemic.

Main outcome(s)
Movement and play behaviors: physical activity, sedentary behaviors (including recreational screen time),
outdoor time, and sleep.

Measures of effect

relative risks, odds ratios

Additional outcome(s)
Factors associated with and consequences of unhealthy movement and play behaviors
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Measures of effect
relative risks, odds ratios

Data extraction (selection and coding)

Two review authors will be involved in the process of literature search, article screening, and data extraction.
The databases will be independently searched using the aforementioned search strategy and identify the
studies by title and abstract screening. The team will review the list of articles for eligibility. We will discuss
disagreements on the eligibility of study until a consensus is reached. If required, we will consult our
supervisor for the final decision.

The data to be extracted include:

Title, citation (author, publication year, source), study location, objectives, study design, study setting, study
population, sample size, description of lockdown, comparison group, and reported outcomes.

Risk of bias (quality) assessment

We will assess the quality of RCTs using the risk of bias tools from the Cochrane Handbook. For non-RCTs,
we will use the following tools: ROBINS-I for quasi-experimental studies, NIH quality assessment tool for
observational cohort and cross-sectional studies, Critical Appraisal Skills Program checklist for qualitative
studies, and Mixed Methods Appraisal Tool for mixed-method studies. To assess the certainty of the
evidence for the included studies, we will apply the GRADE approach.

Strategy for data synthesis

We will follow the PRISMA checklist for appropriate data synthesis. We will construct a PRISMA flowchart to
show the search strategy results at each stage of review. We will conduct a descriptive analysis of individual
studies according to the type of lockdown restrictions, sample size, duration, outcome, quality, and risk of
bias. We will analyze the impact of lockdown restrictions, based on the reported outcomes. If we find enough
studies with quality data, we will conduct a meta-analysis to examine the effect of lockdown restrictions on
the movement and play behaviors of children and adolescents.

Analysis of subgroups or subsets
None

Contact details for further information
Madhu Kharel
kharelmadhu@gmail.com

Organisational affiliation of the review

Department of Community and Global Health, Graduate School of Medicine, The University of Tokyo, Tokyo,
Japan

http://www.ich.m.u-tokyo.ac.jp/en/index.html

Review team members and their organisational affiliations

Mr Madhu Kharel. Department of Community and Global Health, Graduate School of Medicine, The
University of Tokyo, Tokyo, Japan

Ms Jennifer Lisa Sakamoto. Department of Community and Global Health, Graduate School of Medicine,
The University of Tokyo, Tokyo, Japan

Dr Rogie Royce Carandang. Department of Community and Global Health, Graduate School of Medicine,
The University of Tokyo, Tokyo, Japan

Dr Shinejil Ulambayar. Department of Community and Global Health, Graduate School of Medicine, The
University of Tokyo, Tokyo, Japan

Dr Akira Shibanuma. Department of Community and Global Health, Graduate School of Medicine, The
University of Tokyo, Tokyo, Japan

Dr Ekaterina Yarotskaya. Department of International Cooperation, Center for Obstetrics, Gynecology and
Perinatology, Ministry of Healthcare, Moscow, Russia

Dr Milana Basargina. Neonatal Department, National Medical Research Center for Children’s Health,
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Ministry of Healthcare, Moscow, Russia
Professor Masamine Jimba. Department of Community and Global Health, Graduate School of Medicine,
The University of Tokyo, Tokyo, Japan

Type and method of review
Systematic review

Anticipated or actual start date [1 change]

30 April 2021

Anticipated completion date [2 changes]

31 December 2021

Funding sources/sponsors [1 change]

Program of Bilateral Health and Medical Cooperation between Japan and Russian Federation, Ministry of
Health, Labor, and Welfare, Japan

Conflicts of interest

Language
English

Country
Japan

Stage of review [1 change]

Review Completed not published

Subject index terms status
Subject indexing assigned by CRD

Subject index terms
Adolescent; COVID-19; Child; Communicable Disease Control; Humans; Movement; Pandemics; SARS-
CoV-2

Date of registration in PROSPERO
30 March 2021

Date of first submission
29 March 2021

Details of any existing review of the same topic by the same authors
None

Stage of review at time of this submission [1 change]

Page:3/4

Kharel M, et al. BMJ Global Health 2022; 7:€007190. doi: 10.1136/bmjgh-2021-007190



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Global Health

N I H R | F:)?tlij)enaé}lt;n;g:g;?ch International prospective register of systemaPtFi::) li:i?vz

Stage Started Completed

Preliminary searches Yes Yes

Piloting of the study selection process Yes Yes

Formal screening of search results against eligibility criteria Yes Yes

Data extraction Yes Yes

Risk of bias (quality) assessment Yes Yes

Data analysis Yes Yes

The record owner confirms that the information they have supplied for this submission is accurate and
complete and they understand that deliberate provision of inaccurate information or omission of data may be
construed as scientific misconduct.

The record owner confirms that they will update the status of the review when it is completed and will add
publication details in due course.

Versions

30 March 2021

20 October 2021
04 November 2021
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Search strategy

Strategy 1: Search terms for “children” and “adolescents”

child OR children OR adolescent OR students OR young adult OR youth OR teenager
Strategy 2: Search terms for “COVID-19 pandemic”

covid 19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus
OR covid 19 pandemic OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV
OR SARS-CoV-2

Strategy 3: Search terms for “lockdown”

lockdown OR restrictions OR quarantine OR segregation OR detachment OR confinement
OR stay at home OR isolation OR social isolation OR self-isolation OR separation OR
withdrawal OR seclusion

Strategy 4: Search terms for “movement and play behaviors”

movement behaviors OR play behaviors OR physical activity OR exercise OR play* OR
walking OR running OR swimming OR cycling OR sports OR activity OR sedentary OR
sedentary behavior OR inactive OR stationary OR screen time OR social media OR internet
gaming OR sitting OR sleep* or nap* OR rest*

(((child OR children OR adolescent OR students OR young adult OR youth OR teenager)
AND (covid 19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR
coronavirus OR covid 19 pandemic OR novel coronavirus OR 2019 novel coronavirus OR
2019-nCoV OR SARS-CoV-2)) AND (lockdown OR restrictions OR quarantine OR
segregation OR detachment OR confinement OR stay at home OR isolation OR social
isolation OR self-isolation OR separation OR withdrawal OR seclusion)) AND (movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR
running OR swimming OR cycling OR sports OR activity OR sedentary OR sedentary
behavior OR inactive OR stationary OR screen time OR social media OR internet OR
gaming OR sitting OR sleep* or nap* OR rest*)

Search results from November 1, 2019 to March 30, 2021

Pubmed/MEDLINE: 1,667 2 1,331

Web of Science: 827 = 586

CINAHL: 184 > 83

Academic Search Complete: 4,645 > 4,262
PsycArticles: 170 > 162

PsycINFO: 136 - 59

SocINDEX: 283 = 191
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CENTRAL: 6 > 5
TOTAL: 7,918 = 6,679

Duplicates: 1,239

Pubmed/MEDLINE

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Scholarly (Peer
Reviewed) Journals; Date of Publication: 20191101-20210331; Abstract Available; English Language;
Language: English AND Apply equivalent subjects on 2021-03-30 05:17 AM"

Web of Science

TOPIC: (child OR children OR adolescent OR students OR young adult OR youth OR

teenager) AND TOPIC: (covid 19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR
coronavirus OR covid 19 pandemic OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR
SARS-CoV-2) AND TOPIC: (lockdown OR restrictions OR quarantine OR segregation OR detachment OR
confinement OR stay at home OR isolation OR social isolation OR self-isolation OR separation OR withdrawal
OR seclusion) AND TOPIC: (movement behaviors OR play behaviors OR physical activity OR exercise OR
play* OR walking OR running OR swimming OR cycling OR sports OR activity OR sedentary OR sedentary
behavior OR inactive OR stationary OR screen time OR social media OR internet gaming OR sitting OR sleep*
or nap* OR rest*)

Refined by: DOCUMENT TYPES: (ARTICLE) AND LANGUAGES: (ENGLISH)
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED,
IC Timespan=2019-2021

CINAHL

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Full Text;
Abstract Available; Published Date: 20191101-20210331; English Language; Peer Reviewed; Research Article;
Language: English AND Apply equivalent subjects on 2021-03-30 05:14 AM"

Academic Search Complete

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Full Text;
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Scholarly (Peer Reviewed) Journals; Published Date: 20191101-20210331; Document Type: Article; Language:
English AND Apply equivalent subjects on 2021-03-30 05:09 AM"

PsycArticles

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Full Text;
Published Date: 20191101-20210331; Scholarly (Peer Reviewed) Journals; Publication Status: Fully Published;
Document Type: Journal Article AND Apply equivalent subjects on 2021-03-30 05:02 AM"

PsycINFO

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Published Date:
20191101-20210331; Peer Reviewed; Publication Status: fully published; English; Language: English AND
Apply equivalent subjects on 2021-03-30 05:20 AM"

SocINDEX

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Full Text;
Scholarly (Peer Reviewed) Journals; Date of Publication: 20191101-20210331; Document Type: Article;
Language: English AND Apply equivalent subjects on 2021-03-30 05:25 AM"

CENTRAL

(child OR children OR adolescent OR students OR young adult OR youth OR teenager):ti,ab,kw AND (covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019 nCoV OR SARS CoV 2):ti,ab,kw AND (lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion):ti,ab,kw AND (movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest*):ti,ab,kw (Word
variations have been searched)" in Cochrane Reviews, Clinical Answers, Editorials, Special Collections (Word
variations have been searched)

Search results from April 1 to September 24, 2021

Pubmed/MEDLINE: 1,436 - 1,428
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Web of Science: 761 > 758

CINAHL: 125> 0

Academic Search Complete: 3,127 = 2,937
PsycArticles: 82 2 79

PsycINFO: 41 - 24

SocINDEX: 139 - 130

CENTRAL: 0> 0

TOTAL: 5,711 = 5,356

Duplicates: 355

Pubmed/MEDLINE

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Scholarly (Peer
Reviewed) Journals; Date of Publication: 20210401-20210931; Abstract Available; English Language;
Language: English AND Apply equivalent subjects on 2021-09-24 08:19 AM"

Web of Science

child OR children OR adolescent OR students OR young adult OR youth OR teenager (Topic) and covid 19 OR
sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic OR
novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 (Topic) and lockdown OR
restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation OR
social isolation OR self-isolation OR separation OR withdrawal OR seclusion (Topic) and movement behaviors
OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR swimming OR
cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary OR screen time
OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* (Topic) and Articles (Document
Types) and English (Languages)

CINAHL

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Full Text;
Abstract Available; Published Date: 20210401-20210931; English Language; Peer Reviewed; Research Article;
Language: English AND Apply equivalent subjects on 2021-09-24 02:33 AM"

Academic Search Complete

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown

Kharel M, et al. BMJ Global Health 2022; 7:€007190. doi: 10.1136/bmjgh-2021-007190



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Global Health

OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Full Text;
Scholarly (Peer Reviewed) Journals; Published Date: 20210401-20210931; Document Type: Article; Language:
English AND Apply equivalent subjects on 2021-09-24 08:31 AM"

PsycArticles

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Full Text;
Published Date: 20210401-20210931; Scholarly (Peer Reviewed) Journals; Publication Status: Fully Published;
Document Type: Journal Article AND Apply equivalent subjects on 2021-09-24 08:42 AM"

PsycINFO

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Published Date:
20210401-20210931; Peer Reviewed; Publication Status: fully published; English; Language: English AND
Apply equivalent subjects on 2021-09-24 10:34 AM"

SocINDEX

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Full Text;
Scholarly (Peer Reviewed) Journals; Date of Publication: 20210401-20210931; Document Type: Article;
Language: English AND Apply equivalent subjects on 2021-09-24 10:42 AM"

Search results from September 1 to December 10, 2021

Pubmed/MEDLINE: 143 - 143

Web of Science: 50 > 47

CINAHL: 54 > 43

Academic Search Complete: 180 = 170
PsycArticles: 87 > 86

PsycINFO: 23 > 23
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SocINDEX: 75 = 73
CENTRAL: 0> 0

TOTAL: 612 > 585

Duplicates: 27

Pubmed/MEDLINE

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Scholarly (Peer
Reviewed) Journals; Date of Publication: 20210901-20211231; Abstract Available; English Language;
Language: English AND Apply equivalent subjects on 2021-12-10 03:14 AM"

Web of Science

TOPIC: (child OR children OR adolescent OR students OR young adult OR youth OR

teenager) AND TOPIC: (covid 19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR
coronavirus OR covid 19 pandemic OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR
SARS-CoV-2) AND TOPIC: (lockdown OR restrictions OR quarantine OR segregation OR detachment OR
confinement OR stay at home OR isolation OR social isolation OR self-isolation OR separation OR withdrawal
OR seclusion) AND TOPIC: (movement behaviors OR play behaviors OR physical activity OR exercise OR
play* OR walking OR running OR swimming OR cycling OR sports OR activity OR sedentary OR sedentary
behavior OR inactive OR stationary OR screen time OR social media OR internet gaming OR sitting OR sleep*
or nap* OR rest*)

Refined by: DOCUMENT TYPES: (ARTICLE) AND LANGUAGES: (ENGLISH)
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED,
IC Timespan=2021-2021

CINAHL

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Full Text;
Abstract Available; Published Date: 20210901-20211231; English Language; Peer Reviewed; Research Article;
Language: English AND Apply equivalent subjects on 2021-12-10 05:17 AM"

Academic Search Complete

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
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OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Full Text;
Scholarly (Peer Reviewed) Journals; Published Date: 20210901-20211231; Document Type: Article; Language:
English AND Apply equivalent subjects on 2021-12-10 05:00 AM"

PsycArticles

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Full Text;
Published Date: 20210901-20211231; Scholarly (Peer Reviewed) Journals; Publication Status: Fully Published;
Document Type: Journal Article AND Apply equivalent subjects on 2021-12-10 04:12 AM"

PsycINFO

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Published Date:
20210901-20211231; Peer Reviewed; Publication Status: fully published; English; Language: English AND
Apply equivalent subjects on 2021-12-10 04:37 AM"

SocINDEX

"TX ( child OR children OR adolescent OR students OR young adult OR youth OR teenager ) AND TX ( covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019-nCoV OR SARS-CoV-2 ) AND TX ( lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion ) AND TX ( movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest* ) Full Text;
Scholarly (Peer Reviewed) Journals; Date of Publication: 20210901-20211231; Document Type: Article;
Language: English AND Apply equivalent subjects on 2021-12-10 04:55 AM"

CENTRAL

(child OR children OR adolescent OR students OR young adult OR youth OR teenager):ti,ab,kw AND (covid
19 OR sars cov 2 OR severe acute respiratory syndrome coronavirus 2 OR coronavirus OR covid 19 pandemic
OR novel coronavirus OR 2019 novel coronavirus OR 2019 nCoV OR SARS CoV 2):ti,ab,kw AND (lockdown
OR restrictions OR quarantine OR segregation OR detachment OR confinement OR stay at home OR isolation
OR social isolation OR self-isolation OR separation OR withdrawal OR seclusion):ti,ab,kw AND (movement
behaviors OR play behaviors OR physical activity OR exercise OR play* OR walking OR running OR
swimming OR cycling OR sports OR activity OR sedentary OR sedentary behavior OR inactive OR stationary
OR screen time OR social media OR internet gaming OR sitting OR sleep* or nap* OR rest*):ti,ab,kw (Word
variations have been searched)" in Cochrane Reviews, Clinical Answers, Editorials, Special Collections (Word
variations have been searched)
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Supplementary File 3: Synthesis Without Meta-analysis (SWiM) guideline checklist

The citation for the Synthesis Without Meta-analysis explanation and elaboration article is: Campbell M, McKenzie JE, Sowden A, Katikireddi SV, Brennan
SE, Ellis S, Hartmann-Boyce J, Ryan R, Shepperd S, Thomas J, Welch V, Thomson H. Synthesis without meta-analysis (SWiM) in systematic reviews: reporting
guideline BMJ 2020;368:16890 http://dx.doi.org/10.1136/bmj.|6890

SWiM is intended to complement and be used as an extension to PRISMA

SWiM reporting | Item description Page in manuscript Other*
item where item is reported

Methods

1 Grouping 1a) Provide a description of, and rationale for, the groups used in the synthesis (e.g., groupings of Page: 8-9 (Line: 178-

studies for populations, interventions, outcomes, study design) 183)

synthesis

1b) Detail and provide rationale for any changes made subsequent to the protocol in the groups used | None
in the synthesis

2 Describe the Describe the standardised metric for each outcome. Explain why the metric(s) was chosen, and Page:9 (Line: 183-184)
standardised describe any methods used to transform the intervention effects, as reported in the study, to the
metric and standardised metric, citing any methodological guidance consulted

transformation
methods used

3 Describe the Describe and justify the methods used to synthesise the effects for each outcome when it was not | Page: 8-9 (Line: 176-

synthesis possible to undertake a meta-analysis of effect estimates 183)

methods

4 Criteria used Where applicable, provide the criteria used, with supporting justification, to select the particular Page 8-9: (Line: 176-
to prioritise studies, or a particular study, for the main synthesis or to draw conclusions from the synthesis (e.g., | 183)

results for based on study design, risk of bias assessments, directness in relation to the review question)

summary and
synthesis
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Supplementary File 3: Synthesis Without Meta-analysis (SWiM) guideline checklist

SWiM reporting
item

Item description

Page in manuscript
where item is reported

Other*

5 Investigation
of
heterogeneity in
reported effects

State the method(s) used to examine heterogeneity in reported effects when it was not possible to
undertake a meta-analysis of effect estimates and its extensions to investigate heterogeneity

Page 8 (Line: 176-178)

Page 47 (Line: 430-433)

6 Certainty of
evidence

Describe the methods used to assess certainty of the synthesis findings

Page 8 (Line: 171-174)

7 Data
presentation

Describe the graphical and tabular methods used to present the effects (e.g., tables, forest plots,
harvest plots).

Page 8-9 (Line: 178-184)

methods Page: 9 (Line: 205)
Specify key study characteristics (e.g., study design, risk of bias) used to order the studies, in the text
and any tables or graphs, clearly referencing the studies included Page: 23 (Line: 232)
Page: 29 (Line: 263)
Page: 35 (Line: 285-286)
Page: 42 (Line: 315)
Results
8 Reporting For each comparison and outcome, provide a description of the synthesised findings, and the Page: 23 (Line: 233-238)
results certainty of the findings. Describe the result in language that is consistent with the question the

synthesis addresses, and indicate which studies contribute to the synthesis

Page: 29 (Line: 263-266)

Page: 35 (Line: 286-291,

302-307)
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Supplementary File 3: Synthesis Without Meta-analysis (SWiM) guideline checklist

Page: 42 (Line: 315-320)
Page: 43 (Line: 343-345)

Page 43 (Line: 357-360)

Discussion

9 Limitations of
the synthesis

Report the limitations of the synthesis methods used and/or the groupings used in the synthesis, and
how these affect the conclusions that can be drawn in relation to the original review question

Page 47 (Line: 430-433)

PRISMA=Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

*If the information is not provided in the systematic review, give details of where this information is available (e.g., protocol, other published papers

(provide citation details), or website (provide the URL)).
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Supplementary Table 1: List of excluded studies

Citation

Reason for exclusion

Alves JM, Yunker AG, DeFendis A, et al. BMI status and associations between
affect, physical activity and anxiety among U.S. children during COVID-19.
Pediatr Obes. 2021;16(9):e12786.

Not relevant to PICO

Argiansya F, Soedjadhi R, Indra RM, et al. Electronic media use and sleep
disorders among adolescents during the COVID-19 pandemic. Sleep Disord.
2021:2096944. doi: 10.1155/2021/2096944.

Not relevant to PICO

Aristovnik A, Kerzi¢ D, Ravselj D. Impacts of the COVID-19 Pandemic on Life
of Higher Education Students: A Global Perspective. Sustainability.
2020;12:8438.

Not relevant to PICO

Babu TA, Selvapandiyan J. The Psychological Effects of COVID-19 Pandemic
Related Lockdown in Children. Indian Pediatr. 2020;57:1087.

Study design

Bacaro V, Chiabudini M, Buonanno C, et al. Sleep characteristics in Italian
children during home confinement due to COVID-19 outbreak. Clin
Neuropsychiatry. 2021;18:13-27.

Not relevant to PICO

Balasubramanian S, Rao NM, Goenka A. Coronavirus Disease 2019 (COVID-
19) in Children - What We Know So Far and What We Do Not. Indian
Pediatr. 2020;57:435-42.

Study design

Bates L, Zieff G, Stanford K. COVID-19 Impact on Behaviors across the 24-
Hour Day in Children and Adolescents: Physical Activity, Sedentary Behavior,
and Sleep. Children (Basel). 2020;7:138.

Study design

Bellomo TR, Prasad S, Munzer T. The impact of the COVID-19 pandemic on
children with autism spectrum disorders. J Pediatr Rehabil Med. 2020;13:349-
54.

Study design

Berard M, Rattaz C, Peries M, et al. Impact of containment and mitigation
measures on children and youth with ASD during the COVID-19 pandemic:
report from the ELENA cohort. J Psychiatr Res. 2021;137:73-80.

Not relevant to PICO

Bertrand L, Schroder C, Bourgin P, et al. Sleep and circadian rhythm
characteristics in individuals from the general population during the French
COVID-19 full lockdown. J Sleep Res. Published Online First: 7 September
2021. doi: 10.1111/sr.13480.

Not relevant to PICO

Biernesser C, Montano G, Miller E, et al. Social Media Use and Monitoring for
Adolescents With Depression and Implications for the COVID-19 Pandemic:
Qualitative Study of Parent and Child Perspectives. JMIR Pediatr Parent.
2020;3:e21644.

Not relevant to PICO

Bosselmann V, Amatriain-Ferndndez S, Gronwald T, et al. Physical activity,
boredom and fear of COVID-19 among adolescents in Germany. Front Psychol.
2021;12:624206.

Not relevant to PICO
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Supplementary Table 2: Quality appraisal of cohort and cross-sectional studies (National Institute of Health's quality assessment tool)

[35]

Author, Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Adibelli, 2020 [39] Y Y CD Y Y N Y NA N N Y N NA N Poor
Aguilar-Farias, 2020 [40] Y Y Y Y N N Y NA Y N Y N NA Y Fair
Alonso-Martinez, 2021 [41] Y Y Y Y N N Y N Y N Y N N Y Fair
AMHSI, 2020 [42] Y Y Y Y Y N Y Y Y N Y N Y N Fair
Araby, 2021 [43] Y Y N Y N N Y NA N N N N NA N Poor
Bingham, 2021 [44] Y Y N Y N N Y N Y NA Y N N Y Fair
Bronikowska, 2021 [45] Y Y N CcD N N Y N Y NA Y N N Y Fair
Brzek, 2021 [46] Y Y Y Y N N Y NA Y N Y N Y Y Fair
Cacioppo, 2020 [47] Y Y CD Y N N Y NA N N Y N NA N Poor
Cakiroglu, 2021 [48] Y Y CcD N N N Y N Y NA Y N N N Poor
Cardy, 2021 [49] Y Y CcD Y N N Y NA N N Y N NA Y Fair
Carrillo-Diaz, 2021 [50] Y Y Y Y N N Y NA N N Y N NA N Poor
Censi, 2021 [51] Y Y CcD N N N Y N Y NA CcD N CcD N Poor
Cellini, 2021 [52] Y Y Y Y N N Y NA Y N Y N NA Y Fair
Cerasuolo, 2021 [53] Y Y CcD Y N N Y N Y NA Y N NA N Poor
Chaffee, 2021 [54] Y N Y Y N N Y N Y NA Y N Y N Poor
Chakraborty, 2021 [55] Y Y Y Y N N Y N Y NA N N NA N Poor
Chambonniere, 2021 [56] Y Y CD Y N N Y N Y NA Y N NA N Poor
Cheng, 2021 [57] Y Y CcD Y N N Y NA Y N Y N NA N Poor
DiGiorgio, 2020 [59] Y Y Y Y N N Y NA Y N Y N NA Y Fair
Di Giorgio, 2021 [60] Y Y CD Y N N Y NA Y N N N NA N Poor
Dondi, 2021 [61] Y Y CcD Y N N Y NA Y N Y N NA N Poor
Eyler, 2021 [64] Y Y N Y N N Y N Y NA Y N NA Y Poor
Garcia, 2021 [65] Y Y CD Y N N Y NA N N Y N Y N Poor
Guo, 2021 [66] Y Y N N N N Y N Y NA Y N NA N Poor
Kaditis, 2021 [67] N Y CcD N Y N Y N Y NA Y N NA N Fair
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Author, Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Kahn, 2021 [68] Y Y CcD CcD N N Y N Y NA Y N Y N Fair
Kotota, 2021 [69] Y Y N Y Y N Y N Y NA Y N N N Fair
Lavigne-Cervan, 2021 [70] Y Y Y N N Y NA Y N Y N NA N Poor
Li, 2021 [71] Y Y CcD CcD N N Y N Y NA Y N Y Y Fair
Lim, 2020 [72] Y Y Y Y N N Y NA Y N Y N NA N Poor
Liu, 2020 [73] Y Y Y Y N N Y NA Y N Y N NA Y Fair
Lokhandwala, 2021 [74] Y Y CcD Y N N Y N Y NA Y N Y N Poor
Lépez-Bueno, 2020 (3] Y Y Y Y N N Y Y Y N Y N NA Y Fair
Luijten, 2021 [75] Y Y ch Y N N Y N Y NA Y N NA Y Fair
tuszczki, 2021 [76] Y Y CD Y Y N Y NA Y N Y N NA N Fair
Masi, 2021 [77] Y Y CcD Y N N Y NA N N Y N NA N Poor
Medrano, 2021 [78] Y Y N Y Y N Y NA Y N Y N N Y Fair
Minuto, 2021 [79] Y Y Y Y N N Y NA Y N Y N NA N Fair
Mitra, 2020 [80] Y Y Y Y N N Y NA Y N Y N NA Y Fair
Monteiro, 2021 [81] Y Y Y Y N N Y NA Y N Y N NA N Poor
Moore, 2020 [27] Y Y CcD Y N N Y NA Y N Y N NA N Poor
Morgil, 2020 [82] Y Y ch Y N N Y NA Y N Y N NA N Poor
Munasinghe, 2020 [83] Y Y N Y N N Y NA Y N Y N N Y Fair
Nathan, 2021 [20] Y Y N Y N N Y Y Y N Y N NA N Poor
Ng, 2020 [9] Y Y N Y N N Y NA Y N Y N NA Y Poor
Oflu, 2021 [84] Y Y ch Y N N Y NA Y N Y N NA Y Poor
Okely, 2021 [26] Y Y CD Y Y N Y Y Y N Y N Y Y Good
Ozturk Eyimaya, 2021 [85] Y Y Y Y N N Y NA Y N Y N NA Y Fair
Pietrobelli, 2020 [86] Y Y Y Y N N Y NA Y N Y N NA N Poor
Pombo, 2021 [87] Y Y ch Y Y N Y NA Y N Y N NA N Poor
Ramos Socarras, 2021 [88] Y Y Y Y N N Y NA Y N Y N NA N Poor
Ruiz-Roso, 2020 [89] Y Y Y Y N N Y NA Y N Y N NA Y Fair
S&, 2021 [90] Y Y Y Y N N Y NA Y N Y N NA N Poor
Saxena, 2021 [91] Y Y Y Y N N Y NA N N Y N N N Poor
Schmidt, 2020 [19] Y Y Y Y N N Y NA Y N Y N Y Y Good
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Author, Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Sciberras, 2020 [92] Y Y Y Y N N Y NA Y N Y N NA Y Fair
Serra, 2021 [93] Y Y Y Y N N Y NA Y N Y N NA N Poor
ten Velde, 2021 [94] Y Y CD Y N N Y NA Y N Y N Y N Poor
Tornaghi, 2020 [95] Y Y CcD Y N N Y NA Y N Y N NA N Poor
Tso, 2020 [96] Y Y Y Y N N Y NA N N Y N NA Y Fair
Tulchin-Francis, 2021 [97] Y Y Y Y N N Y NA Y N Y N NA N Poor
Tirkoglu, 2020 [98] Y Y Y Y N N Y NA Y N Y N NA N Poor
Werling, 2021 [99] Y Y N Y N N Y NA Y N Y N NA N Poor
Werling, 2021 [100] Y Y N Y N N Y NA Y N Y N NA N Poor
Yang, 2020 [101] Y N CD Y N N Y NA Y N Y N NA N Poor
Zenic, 2020 [102] Y Y CD Y N N Y NA Y N Y N Y Y Fair
Zengin, 2021 [103] Y Y Y Y Y N Y NA Y N N N NA N Poor

1: Was the research question or objective in this paper clearly stated? 2: Was the study population clearly specified and defined? 3: Was the participation rate of

eligible persons at least 50%? 4: Were all the subjects selected or recruited from the same or similar populations (including the same time period)? Were

inclusion and exclusion criteria for being in the study pre-specified and applied uniformly to all participants? 5: Was a sample size justification, power

description, or variance and effect estimates provided? 6: For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being

measured? 7: Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it existed? 8: For

exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of exposure, or

exposure measured as continuous variable)? 9: Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently

across all study participants? 10: Was the exposure(s) assessed more than once over time? 11: Were the outcome measures (dependent variables) clearly defined,

valid, reliable, and implemented consistently across all study participants? 12: Were the outcome assessors blinded to the exposure status of participants? 13:

Was loss to follow-up after baseline 20% or less? 14: Were key potential confounding variables measured and adjusted statistically for their impact on the

relationship between exposure(s) and outcome(s)? 15: Overall rating of study quality for determining cause and effect relationship

Y = Yes N =No CD = Cannot determine NA = Not applicable
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Supplementary Table 3: Quality appraisal of qualitative studies (CASP tool) [36]

Author, Year 1 2 3 4 5 6 7 8 9 10 11
Clarke, 2021 [58] Y Y Y Y Y Can't tell Y Y Y Y Good
Esentirk, 2020 [62] Y Y Y Can't tell Y Can't tell Y N Y Y Good
Eyler, 2021 [63] Y Can't tell N Can't tell Y N N Y Y Can't tell Fair

1: Was there a clear statement of the aims of the research? 2: Is a qualitative methodology appropriate? 3: Was the research design appropriate to address the
aims of the research? 4: Was the recruitment strategy appropriate to the aims of the research? 5: Was the data collected in a way that addressed the research
issue? 6: Has the relationship between researcher and participants been adequately considered? 7: Have ethical issues been taken into consideration? 8: Was the

data analysis sufficiently rigorous? 9: Is there a clear statement of findings? 10: How valuable is the research? 11: Quality rating (Poor < 3, Fair 4-5, Good 2 6)

Y = Yes N =No CASP = Critical Appraisal Skills Programme
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