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Abstract
Objectives Many studies examining 24-hour movement behaviours based on the 24-Hour Movement Guidelines 
(24HMG) have been published during the COVID-19 pandemic. However, no comprehensive reviews summarized 
and synthesized the evidence concerning studies using 24HMG. The aim of this scoping review was to synthesize the 
evidence from the 24HMG studies published during the pandemic.

Methods Three electronic databases (Web of Science, PubMed, EBSCO) were utilized to conduct a literature search. 
The search procedure adhered to the guidelines set by the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA). Initially, a total of 1339 research articles published in peer-reviewed journals were screened. 
After eliminating 461 duplicates, 878 articles remained. The titles and/or abstracts of these articles were then cross-
checked, and 25 articles were included. Subsequently, two authors independently assessed full-text of articles 
based on the pre-defined inclusion and exclusion criteria, resulting in the final selection of 16 articles that met the 
inclusion criteria. Study characteristics (e.g., study population, study design, measurement) were extracted and then 
summarized. According to the Viable Integrative Research in Time-use Research (VIRTUE) epidemiology, the included 
studies were further classified into different but interrelated study domains (e.g., composition, determinants, health 
outcomes).

Results The majority of included articles focused on children and adolescents as study population. This study 
primarily demonstrated that a low prevalence of meeting the 24HMG among children and adolescents during the 
COVID-19 pandemic. There has been a decline in the percentage of individuals meeting the 24HMG compared to the 
pre-COVID-19 period. The majority of included studies focused on sociodemographic factors when examining the 
correlates of meeting the 24HMG, while a few studies assessed factors of other domains, such as social, cultural, and 
environmental aspects.

Conclusion The COVID-19 pandemic had an impact on healthy 24-hour movement behaviours in children and 
adolescents. In conjunction with the studies conducted during the COVID-19 pandemic, more studies were 
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Introduction
The coronavirus disease 2019 (COVID-19) causes a 
high morbidity and mortality rate and severely affects 
the world [1]. The World Health Organization (WHO) 
announced COVID-19 as a pandemic in March 2020. 
To prevent and limit the possible spread of COVID-19, 
the governments of some countries issued a series of 
restrictive measures [2–5], including the suspension of 
school, work organized sports activities and meetings 
(though allowing for outdoor activities), and implement-
ing national quarantine, restricting the movement of the 
entire population [6, 7]. The COVID-19 pandemic has 
particularly affected people’s lives and health behaviour 
[3], including home isolation and restrictions on activity 
accessibility, resulting in significant alterations in daily 
activities [8, 9]. In addition, the COVID-19 pandemic also 
increased kinds of risk disease [10, 11]. These circum-
stances were similar to those of prior disasters [12]. One 
of the possible reasons for this was the change in lifestyle 
behaviour after the disaster [2]. Confronted with unparal-
leled challenges and disruptions to their daily lives, indi-
viduals often adapt their routines, habits, and activities. 
These adaptations can manifest in diverse aspects of life-
style behavior, including decreased physical activity (PA), 
modified dietary patterns, and disrupted sleep schedules. 
Consequently, such modifications in lifestyle behavior 
can exert a profound and enduring influence on individu-
als’ overall health and well-being. Additional research is 
warranted to acquire a comprehensive understanding of 
the precise changes in lifestyle behavior triggered by the 
COVID-19 pandemic.

Not surprisingly, it has been well documented that the 
COVID-19 pandemic has significant impacts on indi-
viduals’   PA [14–16], sedentary behaviour (SB) [17–19] 
and sleep [20–22] (these three behaviours were collec-
tively called 24-hour movement behaviours). During the 
COVID-19 pandemic, people’s PA levels have shown 
massive declines [14–16], while SB has shown substantial 
increases [17–19], primarily owing to social-distancing 
and lockdown measures [19]. In terms of sleep, studies 
have shown a longer duration of sleep time and daytime 
sleepiness [20–22] and adverse changes to sleep patterns 
and bedtime routines during the home confinement 
period [20]. These negative changes influence individuals’ 
health and wellbeing [3].

Given that PA, SB and sleep are co-dependent health 
behaviours and their combined health effects should be 
given more research attention rather than focusing on 

either of them, it is recommended that researchers inte-
grate PA, SB and sleep for efficient health promotion [23, 
24]. A well-developed paradigm for 24-hour movement 
behaviours research was to adopt the 24-hour movement 
guidelines (24HMG). Researchers have developed and 
launched the Canadian 24HMG for populations across 
the life course [24–26]. The guidelines mainly have quan-
tifiable recommendations on PA, SB and sleep, supported 
by robust scientific evidence. Based on this, an increas-
ing number of studies have begun using 24HMG to study 
PA, SB and sleep in combination [27–29], as it can help 
provide an integrative perspective to study movement 
behaviours at the population level.

Some studies have been conducted using the 24HMG 
before the COVID-19 pandemic, which examined the 
prevalence of meeting the 24HMG [30–35] and the 
secular trends [28, 31, 36–39], correlates of meeting the 
24HMG [30, 32, 33, 35, 40], and the associations between 
meeting the 24HMG and health outcomes [28, 41–44]. 
According to the Framework for Viable Integrative 
Research in Time-Use (VIRTUE) Epidemiology, those 
studies can be categorized into some research areas, 
time-use compositions, determinants and health out-
comes [45].

Given the importance of integrating PA, SB and sleep, 
a number of studies have investigated the prevalence of 
meeting the 24HMG during COVID-19 [7, 46–48]. Fur-
thermore, some of the studies repeatedly measured the 
prevalence of meeting the 24HMG prior to and during 
COVID-19, enabling researchers to examine the trends 
of 24HMG adherence. Jáuregui et al. found that the prev-
alence of meeting the 24HMG was significantly lower 
than that before COVID-19 [49]. Another study by Angel 
et al. also had similar research findings, indicated that 
the percentage of participants meeting the 24HMG has 
decreased from 3.3 to 0.2% [50]. Despite these studies, 
there was no synthesized study to review the changes in 
the prevalence of meeting the 24HMG before and dur-
ing the pandemic. Such studies were needed not only 
because of 24-hour movement behaviours associated 
health outcomes but also to assist with the development 
of public health interventions when confronting similar 
public health events.

In addition to the changes in the prevalence of meet-
ing the 24HMG, little was known about which factors 
(categorization of factors based on VIRTUE framework) 
were associated with the integrated 24-hour movement 
behaviours during the COVID-19 pandemic. Therefore, 

encouraged to explore the correlates of meeting the 24HMG and the associated health benefits in wider ranges of 
populations.

Keywords 24-hour movement guidelines, The COVID-19, Moderate to vigorous physical activity, Sedentary 
behaviour, Sleep, Evidence synthesis
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the main aim of this review was to synthesize the evi-
dence concerning research using the 24HMG during the 
COVID-19 pandemic.

Methods
This study aimed to conduct a systematic scoping review 
to summarize the evidence concerning the 24HMG 
research conducted during the COVID-19 pandemic.

Data source and search strategy
To ensure a nonbiased and complete review, we searched 
the following electronic databases from 1 to 2020 to 30 
November 2022: Web of Science, EBSCO, and PubMed. 
Several keywords were employed for the literature search 
in each database: “24-h*”, “24 hour”, “24-hour”, “Move-
ment Behavio*”, “Sleep*”, “Screen”, “Physical Activity”, 
“Guideline*”, “recommendation*”, “COVID-19” “Corona-
virus Disease”, “Coronavirus”, “SARS-CoV-2” and “nCoV”. 
In the Web of Science, EBSCO, and PubMed, we divided 
all search terms into three categories: (24-h* OR 24 h OR 
24-hour OR Movement Behavio* OR Sleep* OR Screen 
OR Physical Activity) AND (Guideline* OR recommen-
dation*) AND (COVID-19 OR Coronavirus Disease OR 
Coronavirus OR SARS-CoV-2 OR nCoV). Due to the 
differences in databases, field tags of “Title”, “Abstract” 
and “Title/Abstract” were used in combination during 
document retrieval (Supplementary material). To obtain 
the final number of studies included in this review, all of 
the retrieved articles were independently screened and 
assessed by two authors. If there were any differences 
regarding inclusion, a third author was invited to join the 
discussion and make a decision.

Eligibility criteria
The inclusion criteria for screening articles were as fol-
lows: (1) documents contained search terms and were 
published from 1 to 2020 to 30 November 2022; (2) study 
sample related to human beings, and they were accept-
able if the subjects were in poor physical condition (dis-
ability or disorder); (3) the results reported combined 
24-hour movement behaviours using the guidelines (PA 
or SB and sleep) focused on people who had COVID-
19 at the time of the study; and (4) articles written in 
English.

The exclusion criteria were as follows: (1) studies that 
met the inclusion criteria but had duplicates between 
databases; (2) case studies, master’s/doctoral disserta-
tions, conference papers and abstracts, reviews, brief 
reports and letters, protocol, commentary, and qualita-
tive study; and (3) studies that did not report the per-
centage adherence to the 24HMG during the COVID-19 
pandemic.

Data extraction and data items
The following information was extracted and summa-
rized from the final included studies by two authors: (1) 
basic information of study (authors, published year, pub-
lished journal, author countries/organization); (2) sample 
characteristics of study (sociodemographic, subjects, age 
group and sex of subjects, simple size and population, 
countries/country of study conducted); (3) study design 
and method (study design: cross-sectional study/longi-
tudinal study, survey method: single/mixed method); (4) 
measurements (self-report, interview, device-based mea-
surement, proxy report); (5) categorizations of research 
areas in line with the VIRTUE framework (including 
three types of content in this study: outcomes, correlates/
determinants, time-use composition of 24-hour move-
ment behaviours with COVID-19); (6) findings (preva-
lence of meeting % the 24HMG during COVID-19 and 
changes %  of meeting the 24HMG with COVID-19). 
EXCEL 2019 was used to categorize these variables.

Coding of studies and summary
The code “D-*” indicates studies that reported a sig-
nificant decrease (%) in meeting the 24HMG between 
before and during the COVID-19 pandemic period. The 
code “D-” indicates studies that reported a nonsignifi-
cant decrease (%) or reported decreased outcomes (%) 
but did not report the p value. The code “I+” indicates 
studies that reported a nonsignificant increase (%). The 
code “NC” indicates studies that reported no change (%) 
in meeting the 24HMG between before, and during the 
COVID-19 pandemic period. The “Summary” contains 
a code to summarize the state of studies for meeting the 
24HMG. If the study contained fewer than three out-
comes, the trend could not be summarized.

Results
Data selection
The search procedure followed Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
[51], and the flowchart was presented in Fig.  1. A total 
of 1339 articles were searched from three databases (392 
articles from EBSCO, 594 articles from PubMed and 
353 articles from Web of Science). A total of 878 articles 
remained after removing 461 duplicates by checking the 
title and/or abstract. Furthermore, based on the inclusion 
and exclusion criteria, two authors screened 25 full-text 
articles for the final selection. Finally, 16 studies [5, 6, 
46, 47, 49, 50, 52–61] met the inclusion criteria for this 
review.

Characteristics of studies and sample
Figure  2 illustrated populations from nineteen different 
countries extracted from fifteen included studies. Five 
studies focused on populations from Canada [5, 6, 47, 
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54, 55]. Three studies targeted populations from Spain 
[50, 59, 60] and China [58, 60, 61]. Two studies included 
populations from Bangladesh [57, 60], the United States 
[49, 60], Saudi Arabia [52, 53], Sweden [56, 60]. In addi-
tion, three studies included populations from different 
countries [49, 59, 60], of which populations from four-
teen countries (Australia, India, Indonesia, Malaysia, 
Morocco, Pakistan, Sri Lanka, Vietnam, Japan, Chile, 
Mexico, Sweden, China and Brazil) were all extracted 
from one study [60], López-Gil’s study [59] included pop-
ulations from Spain and Brazil, and Jáuregui’s study [49] 

included populations from Chile, Mexico, and the United 
States.

The characteristics of the studies included in this 
review were summarized in Table  1. In terms of study 
design, ten studies (62.5%) were cross-sectional designs 
[5, 6, 49, 52, 53, 55–59, 61], and four studies (25.0%) were 
repeated cross-sectional designs [47, 50, 52, 54]. Two 
studies (12.5%) were longitudinal in design [46, 60]. In 
regard to sample size, two studies (12.5%) had a sample 
size under 100 [54, 57], four studies (25.0%) had a sample 
size between 100 and 1000 [46, 50, 56, 60], and ten studies 

Fig. 1 PRISMA flowchart for study selection
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(62.5%) had a sample size above 1000 [5, 6, 47, 50, 52–
55, 59, 61]. Regarding age groups, seven studies (43.8%) 
included preschool students (under 5 ys) [46, 49, 56, 57, 
59–61]. Ten studies (62.5%) included children (aged 5–13 
ys) [5, 6, 47, 50, 52–55, 59, 61], and seven studies (43.8%) 
included adolescents (aged 14–17 ys) [5, 6, 47, 50, 54, 55, 
59]. Only one study (6.3%) targeted adults (18 + ys) [58]. 
Fifteen studies (93.8%) assessed the general population 
[5, 6, 46, 47, 49, 50, 52, 53, 55–61], and only one study 
(6.3%) assessed people with disability or disorder [54].

Measurement and Assessment of studies
The measurement and assessment methods used in the 
studies were provided in Fig.  3. Eleven studies used a 
single method [5, 6, 47, 49, 50, 52, 53, 55, 58, 59, 61], of 
which Nine studies applied a proxy report assessment 
[5, 6, 47, 49, 52, 53, 55, 59, 61] and two studies applied a 
self-report measurement [50, 58]. Additionally, ten stud-
ies used mixed methods, of which five studies applied a 
proxy report assessment [46, 54, 56, 57, 60], three stud-
ies [46, 56, 57] used a device-based measurement (accel-
erometer), and two studies [50, 58] applied an interview 
measurement.

Categorization of studies using the 24-hour movement 
guidelines
Table 2 shows that the studies from the perspective of the 
VIRTUE framework. Three research areas (outcomes, 
correlates/determinants, and time-use composition) 
were considered in this review. In regard to outcomes, 
ten studies (62.5%) included sociodemographics (e.g., 
gender/sex, age, region, urban/rural, country income 
level) [5, 47, 49, 52, 53, 55–57, 59, 60]. Three study [6, 54, 
60] included behaviours/lifestyle (e.g., outdoor activity) 
[6], disability [54], environment (e.g., presence of outdoor 
space within house compound) [60], and social and cul-
tural factors (e.g., the parent’s concern about the child’s 
movement behaviour, receiving any support from their 
childcare center, the parent’s perceived ability to sup-
port the child in having healthy movement behaviours, 
the parent’s perceived level of stress, the parent’s per-
ceived level of exhaustion) [60]. Regarding the research 
area of correlates/determinants, two studies focused on 
psychological factors (e.g., depression, anxiety and stress) 
[58, 61]. In the research area of time-use composition, all 
included studies assessed the prevalence of meeting the 
24HMG. Eight studies (50.0%) included trends in meet-
ing the 24HMG [46, 47, 49, 50, 52, 54, 59, 60], of which 

Fig. 2 Number of publications involved in studies using 24-hour movement guidelines during the COVID-19 pandemic by country from the included 
studies of this review
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two studies [46, 50] included different numbers of par-
ticipants meeting the 24HMG.

Levels and chagnes in the prevalence of meeting the 
24-hour movement guidelines
As shown in Fig.  4, seventeen outcomes were extracted 
from sixteen included studies (one study included two 
outcomes). Thirteen (76.5%) results  (from twelve stud-
ies) [5, 6, 47, 49, 50, 52–55, 57, 59, 60] showed that the 
prevalence of meeting the 24HMG was under 5% during 
the COVID-19 pandemic, of which two studies reported 
a percentage less than 1% [50, 54]. Four studies reported 
that more than 10% of the population (13.4%, 15.1%, 
19.4%, and 27.9%, respectively) met the 24HMG during 
the COVID-19 pandemic period [46, 56, 58, 61]. Dur-
ing the pandemic, the highest prevalence of meeting the 
24HMG was 27.0% [58], and the lowest was 0.0% [54].

As shown in Table 3, eight outcomes from seven stud-
ies reported that the percentage of the population meet-
ing the 24HMG was decreased [46, 47, 49, 50, 52, 59, 60], 
of which half of the studies [47, 49, 50, 52] reported a sig-
nificant decrease from prior to and during the COVID-
19 pandemic. Three studies showed a decrease of more 
than 3% [49, 50, 59]. One study reported a percentage of 
0.0% with no change [54]. Nonsignificant increases were 
reported both in children and youth (only girls) [47].

Discussion
The aim of this review was to synthesize the evidence 
from studies using the 24HMG during the COVID-19 
pandemic, presenting a knowledge map and research 
landscape. The main findings of this review were as fol-
lows: first, the number of studies using the 24HMG was 
very limited (n = 16), with most of the studies targeting 
children and adolescents as study population, and most 
of the studies used subjective measures and were cross-
sectional (n = 14) and conducted in Western countries. 
Second, most studies found that during the COVID-19 
pandemic, the prevalence of meeting the 24HMG was 
very low (11 studies reported below 4%), and it declined 
greatly compared with the prevalence before the COVID-
19 pandemic. Third, according to the VIRTUE frame-
work, studies focusing on the prevalence of meeting the 
24HMG and the trends, as well as sociodemographic 
correlates of the prevalence, were dominant across the 
included studies. Evidence synthesized from this review 
can help inform future research development and policy-
makers to implement effective approaches against public 
health events.

Overall status of studies and study characteristics
The findings of this review demonstrated a very limited 
number of studies using the 24HMG during the COVID-
19 pandemic. Compared with studies investigating the 

Table 1 Characteristics of studies included in this review
Categorization N (%) Studies
Study design

 Repeated cross-sec-
tional study

4 (25.0%) Alanazi et al.,2022a, Angel et al.,2022, Arbour-Nicitopoulos et al.,2022, Moore et al.,2021

 Cross-sectional study 10 (62.5%) Alanazi et al.,2022b, Caldwell et al.,2022, Delisle et al.,2020, Feng et al., 2022, Hossain et al.,2021, Jáure-
gui et al.,2022, Liang,2021, López-Gil et al.,2021, Moore et al.,2020, Mitra et al. 2020

 Longitudinal study 2 (12.5%) Hyunshik et al.,2021, Okely et al.,2021

Simple size

 < 100 2 (12.5%) Arbour-Nicitopoulos et al.,2022, Hossain et al.,2021

 ≥ 100, ≤ 1000 4 (25.0%) Angel et al.,2022, Delisle et al.,2020, Hyunshik et al.,2021, Okely et al.,2021

 > 1000 10 (62.5%) Alanazi et al.,2022a, Alanazi et al.,2022b, Caldwell et al.,2022, Feng et al., 2022, Jáuregui et al.,2022, 
Liang,2021, López-Gil et al.,2021, Mitra et al.2020, Moore et al.,2020, Moore et al.,2021

Age group*

 Preschool (under 5 ys) 7 (43.8%) Delisle et al.,2020, Feng et al., 2022, Hossain et al.,2021, Hyunshik et al.,2021, Jáuregui et al.,2022, 
López-Gil et al.,2021, Okely et al., 2021

 Children (aged 5–13 ys) 10 (62.5%) Alanazi et al.,2022a, Alanazi et al.,2022b, Angel et al., 2022, Arbour-Nicitopoulos et al.,2022, Caldwell et 
al., 2022, Feng et al., 2022, López-Gil et al.,2021, Mitra et al.2020, Moore et al., 2020, Moore et al., 2021

 Adolescent (aged 
14–17 ys)

7 (43.8%) Angel et al.,2022, Arbour-Nicitopoulos et al.,2022, Caldwell et al.,2022, López-Gil et al.,2021, Mitra et 
al.2020, Moore et al.,2020, Moore et al.,2021

 Adult (18 + ys) 1 (6.3%) Liang et al.,2021

Healthy population or those with disability

 General people 15 (93.8%) Alanazi et al.,2022a, Alanazi et al.,2022b, Angel et al.,2022, Caldwell et al.,2022, Delisle et al.,2020, Feng 
et al., 2022, Hossain et al.,2021, Hyunshik et al.,2021, Jáuregui et al.,2022, Liang,2021, López-Gil et 
al.,2021, Mitra et al.2020, Moore et al.,2020, Moore et al.,2021, Okely et al.,2021

 People with disability/
disorder

1 (6.2%) Arbour-Nicitopoulos et al.,2022

Note: *Studies included different age groups
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prevalence of meeting the PA, SB, or sleep guidelines 
[30–35] in insolation, the number was largely lower, 
which in part reflects less research attention and inter-
est in 24HMG studies. Some possible reasons can be 

proposed. The first one was that research within 24HMG 
has had a relatively short history compared with PA, SB 
and sleep studies in insolation, so the number of 24HMG 
studies cannot be as large as possible. Second, it might 

Table 2 Number of studies according to the Framework for Viable Integrative Research in Time-Use Epidemiology
Research areas Domains N (%) Studies
Outcomes Socio-demographics 10 (62.5%) Alanazi et al., 2022a; Alanazi et al., 2022b; Caldwell et al., 2022; Hossain 

et al., 2022; Delisle Nyström et al., 2022; Jáuregui et al., 2022; López-Gil 
et al., 2021; Moore et al., 2020; Moore et al., 2021; Okely et al., 2021

Behaviours/lifestyle 1 (6.3%) Mitra et al., 2020

Disability 1 (6.3%) Arbour et al., 2022

Environment 1 (6.3%) Okely et al., 2021

Social and cultural 1 (6.3%) Okely et al., 2021

Correlates/Determinants Psychological factors 2 (12.5%) Liang et al., 2021, Feng et al., 2022

Time-use composition Prevalence 16 (100%) Hyunshik, et al., 2021, Angel et al., 2022, Alanazi et al., 2022a, Alanazi 
et al., 2022b, Caldwell et al., 2022, Feng et al., 2022, Hossain et al., 
2022, Delisle Nyström et al., 2022; Arbour-Nicitopoulos et al., 2022, 
López-Gil et al., 2021, Okely et al., 2021, Moore et al., 2021, Alanazi et 
al., 2022a, Jáuregui et al., 2022, Mitra et al., 2020, Okely et al., 2021

Trends 8 (50.0%) Hyunshik, et al., 2021, Angel et al., 2022, Arbour-Nicitopoulos et al., 
2022, López-Gil et al., 2021, Okely et al., 2021, Moore et al., 2021, 
Alanazi et al., 2022a, Jáuregui et al., 2022

Note: VIRTUE framework = The Framework for Viable Integrative Research in Time-Use Epidemiology; Italic refers to studies which met different number of guidelines

Fig. 3 Number of studies according to the measurement and assessment used. Notes: single method refers to only use one measure tool in study survey; 
mixed methods refer to use ≥ 2 measure tools in study survey
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be difficult to collect data on PA, SB and sleep simultane-
ously during the COVID-19 pandemic. Despite the lim-
ited number, those included studies could also advance 
the knowledge around health behaviour research during 
the pandemic and provide evidence to refine the 24HMG 
in the future.

The majority of the studies included in this review were 
cross-sectional and conducted in Western countries. 
Similar findings on PA or SB studies in insolation were 
found [7], which is consistent with the current review. 
This was likely because a cross-sectional study may be 

the most economical and feasible study design during the 
COVID-19 pandemic period. During the isolation period, 
it was very challenging to conduct longitudinal and inter-
ventional studies on 24-hour movement behaviours 
owing to social distancing and lockdown. Additionally, 
some measures against the pandemic also had impacts 
on measures used by the studies included in this review. 
As observed in this review, most of the included studies 
used subjective measures to collect data on movement 
behaviours, which was likely due to social distancing and 
lockdown as well [8, 9]. However, with the increasing use 
of device-based measures of movement behaviours, such 
as mobile phones or some other individually used tech-
nological devices (e.g., smartphones, wearable activity 
monitors) [62, 63], future research should consider utiliz-
ing these devices to capture more accurate data on move-
ment behaviours [7, 63].

Researchers from Western countries were the main 
contributors to 24HMG studies during the COVID-19 
pandemic. Previous studies have shown that research in 
PA [15] and SB research [7], and even sleep research [34], 
mainly comes from Western countries [7, 34, 64], which 
can to some extent explain this finding in our review. 
Such a bias has been observed in other health-related 
fields [65]. Similarly, research bias was also found in 
terms of the study population. In the current review, all 
the included studies focused on children and adolescents. 
This was likely due to two reasons, of which the first 
was that children and adolescents were the prioritized 

Table 3 The changes in prevalence of meeting 24-hour 
movement guidelines reported by the included studies
Authors/year Before During Code Summary
Arbour-Nicitopoulos et 
al., 2022

0.0%# 0.0% NC /

López-Gil et al., 2021 6.9% 3.5% D- D-

Hyunshik et al., 2021 15.6% 13.4% D-

Okely et al., 2021 1.4% 1.2% D-

Moore 
et al., 
2021

children-boys 6.5%# 4.3% D-

children-girls 2.8%# 4.6% I+ /

youth-girls 0.8%# 1.3% I+

youth-boys 0.5%# 2.4% D-* D-*

Alanazi et al., 2022a 3.4%# 1.8% D-*

Angel et al., 2022 3.3% 0.2% D-*

Jáuregui et al., 2022 4.8% 1.6% D-*

Note: #Studies survey during COVID-19 as Time 1 reported; D-* = significant 
decrease, D- = decrease but not report p value/non-significant decrease; I+ = 
non-significant increase; NC = no change

Fig. 4 Prevalence of meeting 24-hour movement guidelines during the COVID-19 reported by studies. Note: CI: IOA = cluster 1: increase outdoor activity; 
C2: DOA = cluster 2: decrease outdoor activity
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studied population in PA-related research [66] and the 
second was that the first 24HMG was designed for chil-
dren and adolescents [24]. However, the first 24HMG for 
adults was released in 2020 [24]. Collectively, the above 
reasons could explain why the included studies priori-
tized children and adolescents rather than adults or other 
study populations.

Low levels of 24-hour movement behaviours
The results indicated a low prevalence of meeting the 
24HMG (most of the included studies reported below 
5%) in children and adolescents during the COVID-19 
pandemic, and a significant decline in the prevalence was 
found compared with the pre-COVID-19 pandemic. This 
finding was expected on the basis of previous studies and 
evidence bases. Owing to social distancing and lockdown 
policies during the COVID-19 pandemic, individuals’ 
low levels of PA [14–16],  high levels of SB [17–19] and 
worse sleep [50] jointly contributed to the low prevalence 
of meeting the 24HMG in children and adolescents. The 
implementation of restrictions has resulted in a rise in 
“stay-at-home” holidays. A previous study indicated that 
children’s sleep, SB, and PA exhibit lower levels of regu-
lation on unstructured days (e.g., school holidays) in 
comparison to structured days (e.g., school days) [67]. 
Furthermore, this lack of regulation has been associated 
with a rise in the prevalence of children having electronic 
screen devices in their bedrooms, leading to inadequate 
sleep duration and PA [52].

Despite four studies reported that the prevalence of 
meeting the 24HMG over 10% [46, 56, 58, 61], overall low 
level was still exhibited. The potential reasons could be 
attributed to variations of survey population and study 
recruitment, with three studies specifically examining 
preschool children and one study concentrating on col-
lege students. In the case of preschool children, their 
limited awareness of the pandemic might influence the 
outcomes. Conversely, college students may have estab-
lished similar daily routines, whether residing in dormi-
tories or at home. Additionally, the study reported that 
the samples were recruited using a convenience sampling 
procedure [58], which may also influence the research 
findings.

Change of 24-hour movement behaviours
Our findings mainly suggested a significant decline in the 
prevalence of meeting the 24HMG before and after the 
COVID-19 pandemic, even though one study reported 
the findings of increasing prevalence in some subgroups 
of children and adolescents [47]. This difference may be 
attributed to variations in virus transmission waves and 
the implementation of strict lockdown policies across 
different countries, as well as differences in the tim-
ing of measurements in studies [47, 50]. These findings 

indirectly illustrated the impact of pandemic restrictions 
on individuals’ 24-hour cycle behavior. There has been 
a perceived decline in young people’s behaviors follow-
ing the COVID-19 pandemic, with significant changes 
observed in PA levels, recreational screen time, and sleep 
duration [50]. Given the measures against the COVID-
19 pandemic, children and adolescents’ access to activity 
facilities and opportunities was reduced [69]. Moreover, 
owing to home quarantine, increased SB, including rec-
reational screen time and domestic sitting time, has been 
observed [7]. These factors may also negatively impact 
on sleep [70]. Furthermore, the closure of schools dur-
ing both strict and mild confinement reduces children 
and adolescents’ access to and opportunities for PA, such 
as physical education classes and organized PA [71, 72]. 
Additionally, the COVID-19 pandemic has also been 
associated with a decrease in outdoor playtime among 
children and adolescents [5, 73]. Spending less time out-
doors has a substantial impact on PA and SB, further 
reducing the prevalence of meeting the 24HMG [5]. As 
the restrictions imposed due to the COVID-19 pandemic 
are gradually lifted, it is crucial to address and mitigate 
the negative impacts on 24-hour movement behaviours 
in youth. Future research should focus on understand-
ing the long-term consequences of the pandemic on chil-
dren and adolescents’ movement behaviors. This includes 
investigating the effectiveness of interventions aimed at 
promoting PA, reducing SB, and improving adherence to 
the 24HMG. Furthermore, it is imperative to investigate 
strategies that enhance access to recreational facilities, 
encourage outdoor play, and offer organized PA opportu-
nities amidst persistent public health challenges. This will 
enable the development of evidence-based interventions 
and policies aimed at promoting the health and well-
being of children and adolescents in the aftermath of the 
pandemic.

Research topics of the 24HMG studies during the 
pandemic
On the basis of the VIRTUE framework formulated by 
Pedisic et al. [45], we examined the research topic of 
included studies conducted during the COVID-19 pan-
demic. The findings suggested that studies on time-use 
compositions and correlates were predominant. This 
situation can also be observed in PA, SB and sleep epide-
miology research in insolation [13, 74], which was similar 
to our review. One possible explanation for this finding is 
that these two domains of study can be conducted with 
relatively low testing burden and are easier for research-
ers to design and perform. Given the constraints and 
limitations imposed by the pandemic, it is understand-
able that researchers gravitated towards areas where data 
collection and analysis could be carried out more eas-
ily. Among the time-use composition studies, numerous 
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investigations have reported changes in the prevalence 
of meeting the 24HMG before and during the COVID-
19 pandemic. However, it is equally important to direct 
research efforts towards examining the changes in post 
COVID-19 conditions. Such investigations would pro-
vide valuable insights into the impact of the pandemic on 
population health and inform strategies for the future. By 
expanding research beyond the immediate effects of the 
pandemic, we can gain a comprehensive understanding 
of the long-term implications on individuals’ time-use 
compositions and their adherence to the 24HMG. This 
knowledge will be crucial for developing targeted inter-
ventions and policies that promote healthier time-use 
behaviors in the post-pandemic era.

In terms of the correlates examined in the 24HMG 
studies conducted during the COVID-19 pandemic, the 
majority focused on sociodemographic factors, while 
a few studies assessed factors of other domains, such as 
social, cultural, and environmental factors. This finding 
is consistent with previous studies [34], partly because 
of relatively easy data collection on sociodemographic 
factors. Furthermore, this finding was also similar to 
the evidence from 24HMG research conducted before 
or after the COVID-19 pandemic [7]. This suggests that 
the emphasis on sociodemographic factors in 24HMG 
studies is not solely influenced by the pandemic but has 
been a prevailing trend in the field. Based on our review 
and the existing literature, it is evident that future studies 
should aim to explore a broader range of factors influenc-
ing 24HMG from different domains. By expanding the 
scope of investigation beyond sociodemographic factors, 
researchers can gain a more comprehensive understand-
ing of the complex interplay between activity behavior 
and various contextual factors. This will contribute to a 
more nuanced understanding of the relationship between 
24HMG and its determinants, ultimately informing inter-
ventions and strategies to improve individuals’ health and 
well-being.

Two study treated 24-hour movement behaviours as 
correlated and assessed their association with mental 
health outcomes among Chinese populations of pre-
school and university students [58, 61]. In contrast, the 
number of studies conducted before or after the COVID-
19 pandemic largely exceeded the number. Despite the 
limited number, evidence can also be used for future 
refinement and update of the 24HMG for children and 
adolescents. Based on prior evidence has demonstrated 
that the low prevalence of meeting the 24HMG was in 
part responsible for undesirable health outcomes in chil-
dren and adolescents, such as psychological outcomes 
(e.g., depression and anxiety) [58] and physical outcomes 
(e.g., cardiometabolic risk and adiposity) [68]. Future 
research can adopt longitudinal designs to examine the 
long-term effects of 24-hour movement behaviours on 

mental health in different age group (preschool students, 
children and adolescents, and adults) By tracking individ-
uals’ behaviors and mental health outcomes (at different 
stages before, during and after pandemic), researchers 
can gain insights into the potential causal relationships 
and identify whether these associations persist over 
time. This research will contribute to providing valuable 
recommendations for the future development of human 
behavior and psychology.

Strength and limitations
This study’s strengths included a comprehensive review 
of the prevalence of 24HMG during the pandemic and 
its analysis of the changes in 24HMG before and after 
the outbreak. Additionally, it provides a summary of 
the research topics based on the VIRTUE framework. 
However, there were some limitations that should be 
acknowledged. Firstly, most of the studies were cross-
sectional studies, which had an impact on the change of 
meeting 24HMG during the COVID-19 pandemic. Sec-
ondly, the included English studies of this review were 
only searched in three common databases, written in 
other languages articles were not included. Thirdly, this 
study did not incorporate COVID-19 policies, however, 
it is beneficial to analyse the impact of policies on meet-
ing 24HMG in the future study. Additionally, this study 
did not classify and review adherence to 24HMG among 
genders, countries with varying socioeconomic status, 
and different age groups. Future targeted reviews (e.g., 
focusing on children and adolescents) are also valuable 
as these would facilitate interventions or policy develop-
ment. Finally, this study just summarized the research 
topics of 24-hour movement behaviours during the 
COVID-19 based on the VIRTUE framework. Future 
studies are recommended to explore (through systematic 
review, meta-analysis., etc.) the results of relationships 
between different factors and 24-hour movement behav-
iors based on VIRTUE framework.

Conclusion
This review summarized the evidence from studies using 
24HMG during the COVID-19 pandemic, offering a 
knowledge base for future research and policy develop-
ment. Based on the findings, the COVID-19 may tend 
to have a negative impact on the prevalence of meeting 
24HMG among different age-group populations. Accord-
ing to the study characteristics and research domains, 
studies using the 24HMG have a large space for improve-
ment in terms of study design, measurement protocols 
and study domains (e.g., correlates and health outcomes).

Abbreviations
24HMG  24-Hour Movement Guidelines
VIRTUE  Viable Integrative Research in Time-use Research
PA  Physical activity



Page 11 of 13Zhang et al. BMC Public Health         (2023) 23:2188 

SB  Sedentary behaviour
WHO  World Health Organization

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-023-17136-y.

Supplementary Material 1

Acknowledgements
Not applicable.

Authors’ contributions
YL designed the study and drafted the framework of this study, DZ drafted the 
manuscript. DZ and FW extracted data and completed all figures and tables. 
JH revised figures, tables and manuscript. SC: designed the study, checked all 
data and edited the manuscript. JFLG edited the manuscript.

Funding
This study was supported by grants from the National Social Science 
Foundation of China (No. 19BTY077), the Program for Overseas High-
level talents at Shanghai Institutions of Higher Learning, and Shanghai 
Key Laboratory of Human Performance (Shanghai University of Sport, 
No.11DZ2261100).

Data Availability
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Conflict of Interest
The authors declare no conflicts of interest.

Author details
1School of Physical Education, Shanghai University of Sport,  
Shanghai 200438, China
2Institute for Health and Sport, Victoria University, Melbourne, VIC  
8001, Australia
3One Health Research Group, Universidad de Las Américas, Quito  
170124, Ecuador
4Shanghai Research Institute of Sports Science (Shanghai Anti-doping 
Agency), Shanghai 200030, China
5Kun Shan Lu Jia Senior High School, Jiangsu 215331, China
6Shanghai Research Centre for Physical Fitness and Health of Children and 
Adolescents, Shanghai University of Sport, Shanghai 200438, China

Received: 4 March 2023 / Accepted: 2 November 2023

References
1. Baloch S, Baloch MA, Zheng T, Pei X. The Coronavirus Disease 2019 (COVID-

19) pandemic. Tohoku J Exp Med. 2020;250(4):271–8. https://doi.org/10.1620/
tjem.250.271.

2. Yamada M, Kimura Y, Ishiyama D, Otobe Y, Suzuki M, Koyama S, et al. Effect 
of the COVID-19 epidemic on physical activity in Community-Dwelling 

older adults in Japan: a cross-sectional online survey. J Nutr Health Aging. 
2020;24(9):948–50. https://doi.org/10.1007/s12603-020-1424-2.

3. Bates LC, Zieff G, Stanford K. COVID-19 impact on behaviors across the 
24-Hour day in children and adolescents: physical activity, sedentary behav-
ior, and Sleep. 2020, 7(9). https://doi.org/10.3390/children7090138.

4. Koohsari MJ, Nakaya T. Changes in Workers’ Sedentary and Physical Activity 
Behaviors in Response to the COVID-19 Pandemic and Their Relationships 
With Fatigue: Longitudinal Online Study. 2021, 7(3):e26293. https://doi.
org/10.2196/26293.

5. Moore SA, Faulkner G, Rhodes RE, Brussoni M, Chulak-Bozzer T, Ferguson LJ, 
BEHAVIORAL NUTRITION AND PHYSICAL ACTIVITY. Impact of the COVID-19 
virus outbreak on movement and play behaviours of Canadian children and 
youth: a national survey. Volume 17. INTERNATIONAL JOURNAL OF; 2020. 
1https://doi.org/10.1186/s12966-020-00987-8.

6. Mitra R, Moore SA, Gillespie M, Faulkner G, Vanderloo LM, Chulak-Bozzer T, et 
al. Healthy movement behaviours in children and youth during the COVID-19 
pandemic: exploring the role of the neighbourhood environment. Health 
Place. 2020;65. https://doi.org/10.1016/j.healthplace.2020.102418.

7. Kharel M, Sakamoto JL, Carandang RR, Ulambayar S, Shibanuma A, Yarotskaya 
E, et al. Impact of COVID-19 pandemic lockdown on movement behaviours 
of children and adolescents: a systematic review. BMJ GLOBAL HEALTH. 
2022;7(1). https://doi.org/10.1136/bmjgh-2021-007190.

8. Tison GH, Avram R. Worldwide Effect of COVID-19 on physical activity: a 
descriptive study. 2020, 173(9):767–70. https://doi.org/10.7326/m20-2665.

9. Ammar A, Brach M, Trabelsi K, Chtourou H. Effects of COVID-19 Home 
Confinement on eating Behaviour and physical activity: results of the ECLB-
COVID19 International Online Survey. 2020, 12(6). https://doi.org/10.3390/
nu12061583.

10. Lu N. The Significance of Loneliness in Later Life in the Context of COVID-19 
Pandemic. 2022.

11. Scully JL, Disability, Disablism, COVID-19 Pandemic Triage. J Bioethical Inq. 
2020;17(4):601–5. https://doi.org/10.1007/s11673-020-10005-y.

12. Tomata Y, Suzuki Y, Kawado M, Yamada H, Murakami Y, Mieno MN, et al. 
Long-term impact of the 2011 Great East Japan Earthquake and tsunami on 
functional disability among older people: a 3-year longitudinal compari-
son of disability prevalence among Japanese municipalities. Soc Sci Med. 
2015;147:296–9. https://doi.org/10.1016/j.socscimed.2015.11.016.

13. Paterson DC, Ramage K, Moore SA, Riazi N, Tremblay MS, Faulkner G. Explor-
ing the impact of COVID-19 on the movement behaviors of children and 
youth: a scoping review of evidence after the first year. J Sport Health Sci. 
2021;10(6):675–89. https://doi.org/10.1016/j.jshs.2021.07.001.

14. Caputo EL, Reichert FF. Studies of physical activity and COVID-19 during the 
pandemic: a scoping review. J Phys Activity Health. 2020;17(12):1275–84. 
https://doi.org/10.1123/jpah.2020-0406.

15. Rossi L, Behme N, Breuer C. Physical Activity of Children and Adolescents 
during the COVID-19 Pandemic—A Scoping Review. In: International journal 
of environmental research and public health. vol. 18; 2021.

16. Violant-Holz V, Gallego-Jiménez MG, González-González CS, Muñoz-Violant S, 
Rodríguez MJ, Sansano-Nadal O et al. Psychological health and physical activ-
ity levels during the COVID-19 pandemic: a systematic review. In: Int J Environ 
Res Public Health. vol. 17; 2020.

17. Musa S, Elyamani R, Dergaa I. COVID-19 and screen-based sedentary 
behaviour: systematic review of digital screen time and metabolic syndrome 
in adolescents. PLoS ONE. 2022;17(3). https://doi.org/10.1371/journal.
pone.0265560.

18. Knight RL, McNarry MA, Sheeran L, Runacres AW, Thatcher R, Shelley J et al. 
Moving Forward: understanding correlates of physical activity and sedentary 
behaviour during COVID-19—An integrative review and Socioecological 
Approach. In: Int J Environ Res Public Health. vol. 18; 2021.

19. Christensen A, Bond S, McKenna J. The COVID-19 conundrum: keeping 
safe while becoming inactive. A rapid review of physical activity, sedentary 
behaviour, and exercise in adults by gender and age. PLoS ONE. 2022;17(1). 
https://doi.org/10.1371/journal.pone.0263053.

20. Camacho-Montano LR, Iranzo A, Martinez-Piedrola RM, Camacho-Montano 
LM, Huertas-Hoyas E, Serrada-Tejeda S, et al. Effects of COVID-19 home 
confinement on sleep in children: a review. Sleep Med Rev. 2022;62. https://
doi.org/10.1016/j.smrv.2022.101596.

21. Neculicioiu VS, Colosi IA, Costache C, Sevastre-Berghian A, Clichici S. Time to 
Sleep?-A review of the impact of the COVID-19 pandemic on Sleep and Men-
tal Health. Int J Environ Res Public Health. 2022;19(6). https://doi.org/10.3390/
ijerph19063497.

https://doi.org/10.1186/s12889-023-17136-y
https://doi.org/10.1186/s12889-023-17136-y
https://doi.org/10.1620/tjem.250.271
https://doi.org/10.1620/tjem.250.271
https://doi.org/10.1007/s12603-020-1424-2
https://doi.org/10.3390/children7090138
https://doi.org/10.2196/26293
https://doi.org/10.2196/26293
https://doi.org/10.1186/s12966-020-00987-8
https://doi.org/10.1016/j.healthplace.2020.102418
https://doi.org/10.1136/bmjgh-2021-007190
https://doi.org/10.7326/m20-2665
https://doi.org/10.3390/nu12061583
https://doi.org/10.3390/nu12061583
https://doi.org/10.1007/s11673-020-10005-y
https://doi.org/10.1016/j.socscimed.2015.11.016
https://doi.org/10.1016/j.jshs.2021.07.001
https://doi.org/10.1123/jpah.2020-0406
https://doi.org/10.1371/journal.pone.0265560
https://doi.org/10.1371/journal.pone.0265560
https://doi.org/10.1371/journal.pone.0263053
https://doi.org/10.1016/j.smrv.2022.101596
https://doi.org/10.1016/j.smrv.2022.101596
https://doi.org/10.3390/ijerph19063497
https://doi.org/10.3390/ijerph19063497


Page 12 of 13Zhang et al. BMC Public Health         (2023) 23:2188 

22. Sharma M, Aggarwal S, Madaan P, Saini L, Bhutani M. Impact of COVID-
19 pandemic on sleep in children and adolescents: a systematic review 
and meta-analysis. Sleep Med. 2021;84:259–67. https://doi.org/10.1016/j.
sleep.2021.06.002.

23. Chaput JP, Carson V, Gray CE, Tremblay MS. Importance of all movement 
behaviors in a 24 hour period for overall health. Int J Environ Res Public 
Health. 2014;11(12):12575–81. https://doi.org/10.3390/ijerph111212575.

24. Tremblay MS, Carson V, Chaput JP, Connor Gorber S, Dinh T, Duggan M et al. 
Canadian 24-Hour Movement Guidelines for Children and Youth: An Integra-
tion of Physical Activity, Sedentary Behaviour, and Sleep. Applied physiology, 
nutrition, and metabolism = Physiologie appliquee, nutrition et metabolisme 
2016, 41(6 Suppl 3):S311-327. https://doi.org/10.1139/apnm-2016-0151.

25. Ross R, Chaput JP, Giangregorio LM, Janssen I, Saunders TJ, Kho ME et al. 
Canadian 24-Hour Movement Guidelines for Adults aged 18–64 years and 
Adults aged 65 years or older: an integration of physical activity, sedentary 
behaviour, and sleep. Applied physiology, nutrition, and metabolism = Physi-
ologie appliquee, nutrition et metabolisme 2020, 45(10 (Suppl. 2)):S57-s102. 
https://doi.org/10.1139/apnm-2020-0467.

26. Tremblay MS, Chaput JP, Adamo KB, Aubert S, Barnes JD, Choquette L, et al. 
Canadian 24-Hour Movement guidelines for the early years (0–4 years): an 
integration of physical activity, sedentary Behaviour, and Sleep. BMC Public 
Health. 2017;17(Suppl 5):874. https://doi.org/10.1186/s12889-017-4859-6.

27. Dogra S, Good J, Buman MP, Gardiner PA, Copeland JL, Stickland MK. Physical 
activity and sedentary time are related to clinically relevant health outcomes 
among adults with obstructive lung Disease. BMC Pulm Med. 2018;18(1):98. 
https://doi.org/10.1186/s12890-018-0659-8.

28. Dogra S, Good J, Buman MP, Gardiner PA, Stickland MK, Copeland JL. 
Movement behaviours are associated with lung function in middle-aged 
and older adults: a cross-sectional analysis of the Canadian longitudinal 
study on aging. BMC Public Health. 2018;18(1):818. https://doi.org/10.1186/
s12889-018-5739-4.

29. Chastin SF, Palarea-Albaladejo J, Dontje ML, Skelton DA. Combined effects 
of Time spent in physical activity, sedentary behaviors and sleep on obesity 
and cardio-metabolic health markers: a Novel Compositional Data Analysis 
Approach. PLoS ONE. 2015;10(10):e0139984. https://doi.org/10.1371/journal.
pone.0139984.

30. Rhodes RE, Spence JC, Berry T, Faulkner G, Latimer-Cheung AE, O’Reilly 
N, et al. Parental support of the Canadian 24-hour movement guidelines 
for children and youth: prevalence and correlates. BMC Public Health. 
2019;19(1):1385. https://doi.org/10.1186/s12889-019-7744-7.

31. Friel CP, Duran AT, Shechter A, Diaz KM. Meeting 24-Hour Movement 
guidelines among US children and adolescents: Prevalence and Age trends, 
2016–2017. CIRCULATION 2019, 140.

32. da Costa BGG, Chaput J-P, Lopes MVV, Malheiros LEA, Tremblay MS, Silva 
KS. Prevalence and sociodemographic factors associated with meeting the 
24-hour movement guidelines in a sample of Brazilian adolescents. PLoS 
ONE. 2020;15(9). https://doi.org/10.1371/journal.pone.0239833.

33. Ferrari G, Alberico C, Drenowatz C, Kovalskys I, Gomez G, Rigotti A, et al. 
Prevalence and sociodemographic correlates of meeting the Canadian 
24-hour movement guidelines among latin American adults: a multi-national 
cross-sectional study. BMC Public Health. 2022;22(1). https://doi.org/10.1186/
s12889-022-12613-2.

34. Tapia-Serrano MA, Sevil-Serrano J, Sanchez-Miguel PA, Lopez-Gil JF, Trem-
blay MS, Garcia-Hermoso A. Prevalence of meeting 24-Hour Movement 
guidelines from pre-school to adolescence: a systematic review and meta-
analysis including 387,437 participants and 23 countries. J Sport Health Sci. 
2022;11(4):427–37. https://doi.org/10.1016/j.jshs.2022.01.005.

35. Chen ST, Liu Y, Tremblay MS, Hong JT, Tang Y, Cao ZB, et al. Meeting 24-h 
movement guidelines: prevalence, correlates, and the relationships with 
overweight and obesity among Chinese children and adolescents. J Sport 
Health Sci. 2021;10(3):349–59. https://doi.org/10.1016/j.jshs.2020.07.002.

36. Liangruenrom N, Dumuid D, Craike M, Biddle SJH, Pedisic Z. Trends and 
correlates of meeting 24-hour movement guidelines: a 15-year study 
among 167,577 Thai adults. INTERNATIONAL JOURNAL OF BEHAVIORAL 
NUTRITION AND PHYSICAL ACTIVITY 2020, 17(1). https://doi.org/10.1186/
s12966-020-01011-9.

37. Scully M, Gascoyne C, Wakefield M, Morley B. Prevalence and trends in Austra-
lian adolescents’ adherence to 24-hour movement guidelines: findings from 
a repeated national cross-sectional survey. BMC Public Health. 2022;22(1). 
https://doi.org/10.1186/s12889-021-12387-z.

38. Carson V, Zhang Z, Predy M, Pritchard L, Hesketh KD. Adherence to 
Canadian 24-Hour Movement guidelines among infants and associations 

with development: a longitudinal study. INTERNATIONAL JOURNAL OF 
BEHAVIORAL NUTRITION AND PHYSICAL ACTIVITY 2022, 19(1). https://doi.
org/10.1186/s12966-022-01397-8.

39. Leppanen MH, Haapala EA, Vaisto J, Ekelund U, Brage S, Kilpelaeinen TO et al. 
Longitudinal and cross-sectional associations of adherence to 24-hour move-
ment guidelines with cardiometabolic risk. Scandinavian J Med Sci Sports 
2022, 32(1):255–66. https://doi.org/10.1111/sms.14081.

40. Ferrari G, Guzman-Habinger J, Herreros-Irarrazabal D, Marques A, Marconcin 
P, Kovalskys I, et al. Correlates of meeting the Canadian 24-hour Movement 
guidelines among adults: a multi-national cross-sectional study. Volume 54. 
MEDICINE & SCIENCE IN SPORTS; & EXERCISE 2022. pp. 462–2. 9.

41. Carson V, Chaput J-P, Janssen I, Tremblay MS. Health associations with meet-
ing new 24-hour movement guidelines for Canadian children and youth. 
Prev Med. 2017;95(1):7–13. https://doi.org/10.1016/j.ypmed.2016.12.005.

42. Porter C, McPhee P, Kwan M, Timmons B, Brown D. 24-Hour Movement 
Guideline Adherence and Mental Health: a cross-sectional study of emerging 
adults with Chronic Health conditions and disabilities. Volume 44. JOURNAL 
OF SPORT & EXERCISE PSYCHOLOGY; 2022. pp. 106–S106.

43. Sampasa-Kanyinga H, Lien A, Hamilton HA, Chaput J-P, CANADIAN JOUR-
NAL OF PUBLIC HEALTH-REVUE CANADIENNE DE SANTE PUBLIQUE. The 
Canadian 24-hour movement guidelines and self-rated physical and mental 
health among adolescents. 2022, 113(2):312–21. https://doi.org/10.17269/
s41997-021-00568-7.

44. Janssen I, Roberts KC, Thompson W. Is adherence to the Canadian 24-Hour 
Movement Behaviour Guidelines for Children and Youth associated with 
improved indicators of physical, mental, and social health? APPLIED 
PHYSIOLOGY NUTRITION AND METABOLISM 2017, 42(7):725–31. https://doi.
org/10.1139/apnm-2016-0681.

45. Pedisic Z, Dumuid D, Olds T. Integrating sleep, sedentary behaviour, and 
physical activity research in the emerging field of time-use epidemiology: 
definitions, concepts, statistical methods, theoretical framework, and future 
directions. Kinesiology 2017, 49.

46. Hyunshik K, Ma J, Sunkyoung L, Gu Y. Change in Japanese children’s 24-hour 
movement guidelines and mental health during the COVID-19 pandemic. Sci 
Rep. 2021;11(1). https://doi.org/10.1038/s41598-021-01803-4.

47. Moore SA, Faulkner G, Rhodes RE, Vanderloo LM, Ferguson LJ, Guerrero MD, 
et al. Few Canadian children and youth were meeting the 24-hour move-
ment behaviour guidelines 6-months into the COVID-19 pandemic: follow-
up from a national study. Appl Physiol Nutr METABOLISM. 2021;46(10):1225–
40. https://doi.org/10.1139/apnm-2021-0354.

48. Nascimento-Ferreira MV, Carvalho JA, Nascimento EP, Maciel EDS, De Moraes 
ACF. The 24-hour Movement Guidelines Adherence During The Covid-19 
Pandemic In Undergraduate Students From Low-income Region. CIRCULA-
TION 2022, 145. https://doi.org/10.1161/circ.145.suppl_1.P066.

49. Jáuregui A, Salvo D, Aguilar-Farias N, Okely A. Movement behaviors during 
COVID-19 among latin American/Latino toddlers and pre-schoolers in Chile, 
Mexico and the US. Int J Environ Res Public Health. 2022;12(1):19156. https://
doi.org/10.3390/ijerph17228491https://doi.org/10.1038/s41598-022-23850-1.

50. Angel Tapia-Serrano M, Sanchez-Oliva D, Sevil-Serrano J, Marques A, Antonio 
Sanchez-Miguel P. 24-h movement behaviours in Spanish youth before and 
after 1-year into the covid-19 pandemic and its relationship to academic per-
formance. Sci Rep. 2022;12(1). https://doi.org/10.1038/s41598-022-21096-5.

51. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. BMJ (Clinical Research ed). 2021;372:n71. https://doi.org/10.1136/
bmj.n71.

52. Alanazi YA, Parrish A-M, Okely AD. 24-Hour movement behaviours and 
COVID-19 among children in the Kingdom of Saudi Arabia: a repeat cross-
sectional study. Sports Med Health Sci 2022a, 4(3):177–82. https://doi.
org/10.1016/j.smhs.2022.05.001.

53. Alanazi YA, Parrish A-M, Okely AD. Impact of the COVID-19 virus outbreak on 
24-h movement behaviours among children in Saudi Arabia: a cross-sec-
tional survey. CHILD CARE HEALTH AND DEVELOPMENT. 2022b;48(6):1031–9. 
https://doi.org/10.1111/cch.12999.

54. Arbour-Nicitopoulos KP, James ME, Moore SA, Sharma R, Martin Ginis KA. 
Movement behaviours and health of children and youth with disabilities: 
impact of the 2020 COVID-19 pandemic. Paediatr Child Health. 2022;27(Suppl 
1):66–S71. https://doi.org/10.1093/pch/pxac007.

55. Caldwell HAT, Faulkner G, Tremblay MS, Rhodes RE, de Lannoy L, Kirk SFL, 
PUBLIC HEALTH-REVUE CANADIENNE DE SANTE PUBLIQUE. Regional differ-
ences in movement behaviours of children and youth during the second 
wave of the COVID-19 pandemic in Canada: follow-up from a national 

https://doi.org/10.1016/j.sleep.2021.06.002
https://doi.org/10.1016/j.sleep.2021.06.002
https://doi.org/10.3390/ijerph111212575
https://doi.org/10.1139/apnm-2016-0151
https://doi.org/10.1139/apnm-2020-0467
https://doi.org/10.1186/s12889-017-4859-6
https://doi.org/10.1186/s12890-018-0659-8
https://doi.org/10.1186/s12889-018-5739-4
https://doi.org/10.1186/s12889-018-5739-4
https://doi.org/10.1371/journal.pone.0139984
https://doi.org/10.1371/journal.pone.0139984
https://doi.org/10.1186/s12889-019-7744-7
https://doi.org/10.1371/journal.pone.0239833
https://doi.org/10.1186/s12889-022-12613-2
https://doi.org/10.1186/s12889-022-12613-2
https://doi.org/10.1016/j.jshs.2022.01.005
https://doi.org/10.1016/j.jshs.2020.07.002
https://doi.org/10.1186/s12966-020-01011-9
https://doi.org/10.1186/s12966-020-01011-9
https://doi.org/10.1186/s12889-021-12387-z
https://doi.org/10.1186/s12966-022-01397-8
https://doi.org/10.1186/s12966-022-01397-8
https://doi.org/10.1111/sms.14081
https://doi.org/10.1016/j.ypmed.2016.12.005
https://doi.org/10.17269/s41997-021-00568-7
https://doi.org/10.17269/s41997-021-00568-7
https://doi.org/10.1139/apnm-2016-0681
https://doi.org/10.1139/apnm-2016-0681
https://doi.org/10.1038/s41598-021-01803-4
https://doi.org/10.1139/apnm-2021-0354
https://doi.org/10.1161/circ.145.suppl_1.P066
https://doi.org/10.3390/ijerph17228491
https://doi.org/10.3390/ijerph17228491
https://doi.org/10.1038/s41598-022-23850-1
https://doi.org/10.1038/s41598-022-21096-5
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.smhs.2022.05.001
https://doi.org/10.1016/j.smhs.2022.05.001
https://doi.org/10.1111/cch.12999
https://doi.org/10.1093/pch/pxac007


Page 13 of 13Zhang et al. BMC Public Health         (2023) 23:2188 

study. Volume 113. CANADIAN JOURNAL OF; 2022. pp. 535–46. 4https://doi.
org/10.17269/s41997-022-00644-6.

56. Delisle Nyström C, Alexandrou C, Henström M, Nilsson E, Okely AD, Wehbe 
El Masri S, et al. International Study of Movement Behaviors in the Early 
Years (SUNRISE): Results from SUNRISE Sweden’s Pilot and COVID-19 Study. 
Int J Environ Res Public Health. 2020;17(22). https://doi.org/10.3390/
ijerph17228491.

57. Hossain MS, Deeba IM, Hasan M, Kariippanon KE, Chong KH, Cross PL, et al. 
International study of 24-h movement behaviors of early years (SUNRISE): 
a pilot study from Bangladesh. Pilot and Feasibility Studies. 2021;7(1):176. 
https://doi.org/10.1186/s40814-021-00912-1.

58. Liang K. Sleep as a Priority: 24-Hour Movement Guidelines and Mental Health 
of Chinese College Students during the COVID-19 pandemic. Life (Basel 
Switzerland). 2021;9(9). https://doi.org/10.3390/life12010028https://doi.
org/10.3390/healthcare9091166.

59. López-Gil JF, Tremblay MS, Brazo-Sayavera J. Changes in healthy behaviors 
and meeting 24-h Movement guidelines in Spanish and Brazilian preschool-
ers, children and adolescents during the COVID-19 Lockdown. Child (Basel 
Switzerland). 2021;8(2). https://doi.org/10.3390/children8020083.

60. Okely AD, Kariippanon KE, Guan H, Taylor EK, Suesse T, Cross PL, et al. Global 
effect of COVID-19 pandemic on physical activity, sedentary behaviour and 
sleep among 3-to 5-year-old children: a longitudinal study of 14 countries. 
BMC Public Health. 2021;21(1). https://doi.org/10.1186/s12889-021-10852-3.

61. Feng J, Huang WY, Lau PWC, Wong SH-S, Sit CH-P. Movement behaviors and 
mental health of caregivers of preschoolers in China during the COVID-19 
pandemic. Prev Med. 2022;155. https://doi.org/10.1016/j.ypmed.2021.106913.

62. Wilde LJ, Ward G, Sewell L, Muller AM, Wark PA. Apps and wearables for 
monitoring physical activity and sedentary behaviour: a qualitative system-
atic review protocol on barriers and facilitators. 2018, 4:2055207618776454. 
https://doi.org/10.1177/2055207618776454.

63. Zeng N, Pope Z, GAO Z. Foundations of technology and health effects of 
physical activity. Technology in physical activity and Health Promotion. edn.: 
Routledge; 2017. pp. 17–39.

64. Feng J, Zheng C. Associations between meeting 24-hour movement guide-
lines and health in the early years: a systematic review and meta-analysis. 
2021, 39(22):2545–57. https://doi.org/10.1080/02640414.2021.1945183.

65. Memon AR, Vandelanotte C, Olds T, Duncan MJ, Vincent GE. Research Com-
bining Physical Activity and Sleep: a bibliometric analysis. Percept Mot Skills. 
2020;127(1):154–81. https://doi.org/10.1177/0031512519889780.

66. Messing S, Rütten A, Abu-Omar K, Ungerer-Röhrich U, Goodwin L, Burlacu I et 
al. How can physical activity be promoted among children and adolescents? 
A systematic review of Reviews Across settings. Frontiers in public health 
2019, 7:55. https://doi.org/10.3389/fpubh.2019.00055.

67. Larouche R, Saunders TJ, Faulkner G, Colley R, Tremblay M. Associations 
between active school transport and physical activity, body composition, 
and cardiovascular fitness: a systematic review of 68 studies. J Phys Act 
Health. 2014;11(1):206–27. https://doi.org/10.1123/jpah.2011-0345.

68. Julian V, Haschke F, Fearnbach N, Gomahr J, Pixner T, Furthner D, et al. Effects 
of Movement Behaviors on Overall Health and Appetite Control: current 
evidence and perspectives in children and adolescents. Curr Obes Rep. 
2022;11(1):10–22. https://doi.org/10.1007/s13679-021-00467-5.

69. Stavridou A, Kapsali E, Panagouli E, Thirios A, Polychronis K, Bacopoulou F. 
Obesity in children and adolescents during COVID-19 pandemic. 2021, 8(2). 
https://doi.org/10.3390/children8020135.

70. Mei X, Zhou Q, Li X, Jing P, Wang X, Hu Z. Sleep problems in excessive tech-
nology use among adolescent: a systemic review and meta-analysis. Sleep 
Sci Pract. 2018;2(1):9. https://doi.org/10.1186/s41606-018-0028-9.

71. Wilke J, Mohr L, Tenforde AS, Edouard P, Fossati C, González-Gross M, et 
al. A pandemic within the pandemic? Physical activity levels substantially 
decreased in Countries affected by COVID-19. Int J Environ Res Public Health. 
2021;18(5). https://doi.org/10.3390/ijerph18052235.

72. Grao-Cruces A, Segura-Jiménez V. The role of School in Helping Children and 
adolescents Reach the physical activity recommendations: the UP&DOWN 
Study. 2019, 89(8):612–8. https://doi.org/10.1111/josh.12785.

73. Dunton GF, Do B, Wang SD. Early effects of the COVID-19 pandemic on physi-
cal activity and sedentary behavior in children living in the U.S. BMC public 
health 2020, 20(1):1351. https://doi.org/10.1186/s12889-020-09429-3.

74. Kuzik N, Poitras VJ, Tremblay MS, Lee E-Y, Hunter S, Carson V. Systematic 
review of the relationships between combinations of movement behaviours 
and health indicators in the early years (0–4 years). BMC Public Health. 
2017;17(5):849. https://doi.org/10.1186/s12889-017-4851-1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.17269/s41997-022-00644-6
https://doi.org/10.17269/s41997-022-00644-6
https://doi.org/10.3390/ijerph17228491
https://doi.org/10.3390/ijerph17228491
https://doi.org/10.1186/s40814-021-00912-1
https://doi.org/10.3390/life12010028
https://doi.org/10.3390/healthcare9091166
https://doi.org/10.3390/healthcare9091166
https://doi.org/10.3390/children8020083
https://doi.org/10.1186/s12889-021-10852-3
https://doi.org/10.1016/j.ypmed.2021.106913
https://doi.org/10.1177/2055207618776454
https://doi.org/10.1080/02640414.2021.1945183
https://doi.org/10.1177/0031512519889780
https://doi.org/10.3389/fpubh.2019.00055
https://doi.org/10.1123/jpah.2011-0345
https://doi.org/10.1007/s13679-021-00467-5
https://doi.org/10.3390/children8020135
https://doi.org/10.1186/s41606-018-0028-9
https://doi.org/10.3390/ijerph18052235
https://doi.org/10.1111/josh.12785
https://doi.org/10.1186/s12889-020-09429-3
https://doi.org/10.1186/s12889-017-4851-1

	24-Hour movement behaviours research during the COVID-19 pandemic: a systematic scoping review
	Abstract
	Introduction
	Methods
	Data source and search strategy
	Eligibility criteria
	Data extraction and data items
	Coding of studies and summary

	Results
	Data selection
	Characteristics of studies and sample
	Measurement and Assessment of studies
	Categorization of studies using the 24-hour movement guidelines
	Levels and chagnes in the prevalence of meeting the 24-hour movement guidelines

	Discussion
	Overall status of studies and study characteristics
	Low levels of 24-hour movement behaviours
	Change of 24-hour movement behaviours
	Research topics of the 24HMG studies during the pandemic
	Strength and limitations

	Conclusion
	References


