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ABSTRACT

This systematic review and meta-analysis synthesized evidence of the association between 24-h movement behaviors and so-
cial-emotional health and cognitive development in children and adolescents aged 3-18 years from studies using compositional
data analysis. Systematic literature searches were conducted on five electronic databases from January 2015 to December 2024.
Studies were eligible if they assessed sleep, moderate-to-vigorous intensity physical activity, light intensity physical activity,
and sedentary time. Eligible studies also examined associations between movement behaviors and social-emotional health or
cognitive development using compositional data analysis in children and adolescents aged 3-18 years. Pooled effect sizes were
estimated using cluster robust variance meta-analysis. A total of 19 studies (5 longitudinal, 14 cross-sectional) encompassing
11826 participants were included. Meta-analysis showed that engaging in more moderate-to-vigorous intensity physical activity,
getting more sleep, and spending less time sedentary relative to other movement behaviors was favorably associated with so-
cial-emotional health; albeit, the observed relationships were small in magnitude. The association for sleep was stronger among
adolescents compared to children. No components of 24-h movement behavior compositions were associated with cognitive
development. These findings suggest that engaging in healthy movement behavior compositions may be beneficial for social-
emotional health in young people, although the link between 24-h movement behavior compositions and cognitive development
is less clear.
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1 | Introduction

In 2017, the Canadian 24-h movement guidelines for chil-
dren and youth [1] and for the early years [2] were intro-
duced. The first of their kind, these guidelines represented
a paradigm shift from considering individual movement be-
haviors (i.e., sleep, sedentary time, and physical activity) in
isolation to viewing them as integrated parts of a whole day
[3]. The Canadian 24-Hour Movement Guidelines were devel-
oped based on the best available evidence, including multiple
comprehensive systematic reviews [4-9]. However, when the
guidelines were developed, evidence examining the com-
bined effects of 24-h movement behaviors on child and youth
health was limited [10, 11]. Therefore, guideline development
remained largely based on evidence of the independent asso-
ciations of each movement behavior on health outcomes and
expert consultations. However, it is important to recognize
that these behaviors are interdependent, and spending more
time in one behavior will necessitate corresponding decreases
in other behaviors [12]. For example, if a child sleeps two
more hours a night on average than another child, they will
have two fewer hours each day to spend engaging in the re-
maining behaviors (i.e., sedentary time or physical activity).
Therefore, the health benefits or consequences of engaging in
one movement behavior result, in part, from not spending that
time engaged in an alternative movement behavior [13]. Only
considering the independent association between individual
movement behaviors and health outcomes, therefore, cannot
provide a true representation of what the optimal combina-
tions of 24-h movement behaviors look like to promote health
in children and adolescents.

Alongside the development of the 24-h movement behavior
guidelines, there has been an emerging trend towards the use
of compositional data analysis to examine the association be-
tween 24-h movement behaviors and health indicators [14].
Compositional data analysis allows for the consideration of the
association between all 24-h movement behaviors in a single
model [15]. It differs from similar methods, including linear iso-
temporal substitution modeling [16], which analyzes movement
behavior data in its raw form (e.g., min/day). In comparison,
compositional data analysis expresses movement behaviors as
ratios (e.g., time spent sedentary relative to time spent sleeping
and being physically active) using log-ratio transformations [15].
This approach accounts for the co-dependence of movement
behaviors and enables examination of each behavior's relative
impact on health outcomes [15].

Mental health outcomes play a vital role in shaping the devel-
opmental trajectories and long-term wellbeing of children and
adolescents. The prevalence of many mental health disorders,
including internalizing disorders (e.g., depression, anxiety)
and externalizing disorders (e.g., conduct disorder, attention-
deficit-hyperactivity disorder), increases dramatically during
childhood and reaches its peak during adolescence and young
adulthood [17, 18]. Importantly, mental health extends beyond
the mere absence of illness. The World Health Organization
defines mental health as a state of wellbeing in which an in-
dividual can realize their abilities [19]. In children, a state of
wellbeing includes having a positive sense of identity, the abil-
ity to manage thoughts and emotions, being able to build and

sustain relationships with others, and the aptitude to learn
and acquire an education [20]. Therefore, mental health en-
compasses both social-emotional health (e.g., internalizing
and externalizing symptoms, resilience, prosocial behaviors)
and cognitive development (e.g., self-regulation, executive
functioning, memory) components. Although mental health
can be broken into its constituent parts such as emotional
problems, social functioning, wellbeing, and mental illness,
the World Health Organization's definition exemplifies a com-
plete state approach recognizing that overall social-emotional
health represents a key indicator [21].

The independent associations of physical activity [22, 23], sed-
entary behavior [22, 24, 25], and sleep [26-28] with social-
emotional health and cognitive development in children and
adolescents have been examined in multiple systematic re-
views and meta-analyses. These reviews show that, generally
speaking, spending more time active (especially in moderate-
to-vigorous physical activity [MVPA]), less time sedentary
(especially sedentary screen time), and more time sleeping is
related to more favorable mental health outcomes. However,
less is currently known about the association between 24-h
movement behavior compositions and social-emotional and
cognitive outcomes in children. Recent attempts to synthesize
the existing evidence have been limited by the small number
of studies examining associations between 24-h movement be-
havior compositions and mental health outcomes, restrictive
inclusion criteria limiting the scope of the review, and absence
of quantitative synthesis of the results [29-31]. Findings from
recent reviews have been mixed. For example, Dale, O'Rourke,
Nussbaumer-Streit, Probst [32] found consistent evidence that
spending more time sedentary compared to other movement
behaviors was related to worse social-emotional outcomes in
children and adolescents, whereas another systematic review
found that the vast majority of research using compositional
data analysis has found a null association [33]. Considering
cognitive outcomes, Kuzik, Duncan, Beshara, MacDonald,
Silva, and Tremblay [33] found consistent evidence that spend-
ing more time in light intensity physical activity relative to
other behaviors was related to worse cognitive outcomes in
children. Given the exponential growth in published research
on 24-h movement behaviors in recent years [34], a quanti-
tative synthesis of the association between 24-h movement
behaviors and mental health in children and adolescents is
warranted. Such findings could help identify optimal combi-
nations of 24-h movement behaviors to support social-emo-
tional and cognitive development in children and adolescents.
Therefore, the aim of this study was to systematically identify
and quantitatively synthesize published research using com-
positional data analysis to examine the association between
24-h movement behaviors and mental health in children
and youth.

2 | Methods

This systematic review and meta-analysis was registered with
the International Prospective Register of Systematic Reviews
database (CRD42024502473) and conducted and reported in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses [35].
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2.1 | Information Sources and Literature Search

Initially, a systematic literature search was conducted in
Medline (via OVID), PsychInfo, SPORTDiscus, EMBASE,
and SCOPUS from 2015 (when the first compositional data
analysis paper of 24-h movement behaviors was published)
to January 11, 2024. The literature search was updated on
December 5, 2024. The search was conducted using key terms
for 24-h movement behaviors, mental health, and children and
youth. A full list of search terms can be seen in Appendix Al
(Table Al). Primary literature searches were supplemented by
manual searches to identify any potentially relevant articles
not identified in the primary literature search (e.g., articles
published ahead of print which were yet to be indexed) in
the following journals: European Journal of Sports Science;
Applied Physiology, Nutrition and Metabolism; Plos One;
International Journal of Environmental Research and Public
Health; Journal of Activity, Sedentary and Sleep Behaviors;
Journal of Sport Sciences; Journal of Physical Activity and
Health; International Journal of Behavioral Nutrition and
Physical Activity; and BMC Public Health. These journals
were selected as they appeared most regularly among studies
included in the full-text screening and were therefore consid-
ered the most likely to publish manuscripts relevant to this
review. Additionally, the reference lists of all included studies
were manually screened to supplement the primary literature
search.

2.2 | Eligibility Criteria
2.2.1 | Participants

Studies were eligible for inclusion in this review if they reported
on children and adolescents between the ages of 3 and 18years.
Children under 3 were excluded from the review because 24-h
movement behavior guidelines for children younger than 3
do not include specific recommendations for MVPA [2, 36].
Although some definitions of adolescents include people aged
older than 18 [37], 24-h movement guidelines are different for
people aged over 18years [38], so the upper limit was set at
18 years. No exclusion criteria were placed on children who were
within the eligible age range.

2.2.2 | Study Design

All observational studies (e.g., cross-sectional studies, longitu-
dinal cohort studies) were eligible for inclusion in this review.
Intervention studies were eligible if they reported on associa-
tions between 24-h movement behaviors and social-emotional
health or cognitive development at baseline before any interven-
tion was administered, or at follow-up while controlling for in-
tervention effects.

2.2.3 | Outcome Measures
Studies which reported on any aspect of social-emotional

health (e.g., internalizing symptoms, externalizing behaviors,
prosocial behaviors, wellbeing) or cognitive development (e.g.,

self-regulation, academic achievement, executive functioning)
were included in the review.

2.2.4 | Exposure

Only studies which reported on all components of 24-h move-
ment behaviors (i.e., sleep, sedentary time, light intensity phys-
ical activity [LPA], MVPA) using compositional data analysis
were included in this review. Studies which only reported on a
subset of 24-h movement behaviors (e.g., did not include sleep
and only reported on wake time movement behaviors) and/or
did not use compositional data analysis were excluded.

2.3 | Study Selection

The screening of titles and abstracts identified in the initial lit-
erature search was aided through the use of ASReview, an open-
source machine learning program developed to expedite the
review process [39]. ASReview uses text contained within each
title and abstract to train a machine learning model which is
used to rank titles and abstracts based on the expected relevance
to the review. Reviewers select if the title and abstract presented
to them is relevant, and the machine learning model is continu-
ously trained based on the reviewer's selection. In reviews with a
large number of studies (i.e., > 5000), this process is often able to
identify 100% of relevant records after screening 30% of all titles
and abstracts [39]. Similar to previous studies [40], two indepen-
dent reviewers screened titles and abstracts until at least 30% of
all titles and abstracts had been screened and they had labeled
500 consecutive titles and abstracts as irrelevant. In screening
at least 30% of titles and abstracts, reviewers are likely to make
different decisions on some records (i.e., one reviewer may de-
cide a record is relevant while the other decides it is irrelevant,
as is standard for all title and abstract screening processes).
The result will be a different machine learning model for each
reviewer, ultimately meaning a slightly different pool of titles
and abstracts will be screened by each. All titles and abstracts
identified in the updated literature search (i.e., between January
2024 and December 2024) were screened by both reviewers in
Covidence (Veritas Health Innovation, Melbourne, Australia,
https://www.covidence.org). All titles and abstracts that were la-
beled as relevant by at least one reviewer were retrieved for full-
text screening which was conducted using Covidence. Each full
text was reviewed by two independent reviewers. If there was a
discrepancy between the two independent reviewers' decisions
on a full text (proportion disagreement=2.6%), the lead author
(who was one of the original independent reviewers) considered
the reason that the other reviewer disagreed with their decisions,
re-read the full text, and made the final decision on whether the
full text was included.

2.4 | Data Extraction

Study characteristics were extracted by a single reviewer and
cross-checked for all included studies by a second author.
Extracted data on study characteristics included the country in
which the study was conducted, the number of participants and
their sex and age, how 24-h movement behaviors were assessed,
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the tools used to measure social-emotional health and cognitive
development, and the study design. Compositional data analysis
uses log-ratio transformations to model the association between
all 24-h movement behaviors in a single model [15]. Therefore,
the regression coefficient for the first log-ratio coordinate for each
behavior was extracted to calculate the effect size for the meta-
analyses by a reviewer with expertise in compositional data analy-
sis. If a manuscript did not report the regression coefficient for the
first log-ratio coordinate for each behavior in text, it was manually
estimated by the lead author using the original data from the in-
cluded study (k=2). If the data were not publicly available, they
were requested from the corresponding author (k=2).

2.5 | Quality Assessment

The quality of included studies was examined using the
Appraisal tool for Cross-Sectional Studies [AXIS] [41]. AXIS is
a 20-item quality appraisal tool which assesses the quality of re-
porting and study design. Three additional items were assessed
for longitudinal studies including whether mental health at
baseline was controlled for in the longitudinal model, whether
the follow-up length was long enough to see a longitudinal as-
sociation, and whether missing longitudinal data was related to
exposure or outcome variables. The quality of each study was
assessed by two independent reviewers. Where there were dis-
crepancies in quality rating among reviewers, the reviewers met
to discuss the study quality to reach consensus. Overall quality
was reported as the percentage of applicable quality criteria that
a paper received a favorable appraisal on.

2.6 | Calculation of Effect Sizes

Effect size was calculated as the standardized absolute change
in social-emotional health or cognitive development outcomes
for a relative change in movement behavior composition. The
approach used to calculate the effect sizes has been published
previously [15]. Specifically, the effect size was calculated as:

B X \/gx ln<%)

SD,

where g, is the estimated regression coefficient for the first log-
ratio coordinate, r is the percentage increase in the first com-
positional part, s is the corresponding percentage decrease in
the remaining compositional parts and SD, is the standard devi-
ation of the outcome. The effect size was expressed as changes in
standard deviations to account for the variability in scales used
to assess outcomes. All effect sizes were scored so that positive
effects were favorable (i.e., better mental health). Two studies re-
ported sedentary screen time and non-screen sedentary behav-
iors separately [42, 43]. The effect sizes for sedentary screen time
and non-screen sedentary time were aggregated into a single ef-
fect size to be included in the meta-analyses. The standard error
of the effect size was calculated as:

ﬁxln(%) X Vﬂr(ﬂilrl)

SD,

Standardized absolute changes in outcomes for relative changes
in movement behavior compositions were estimated in 10-
min increments up to 60min/day. One study reported on log-
transformed outcomes [44]. The regression coefficient from this
study was transformed to absolute values to facilitate its inclu-
sion in the meta-analysis [45].

2.7 | Meta-Analyses

All analyses were conducted using R v. 4.1.3 (R Core Team,
Vienna, Austria) and R studio v. 1.3 (RStudio Team, Boston,
MA). Pooled effects were estimated using random-effects
meta-analysis with a robust variance estimator to account for
the inclusion of correlated effect sizes within included studies
[46] using the metafor [47] and clubSandwich [48] packages.
Specifically, the correlated and hierarchical effects model [49]
was used to estimate the pooled effects. The correlated and hi-
erarchical effects model can model complex dependency struc-
tures, such as between repeated assessments in longitudinal
studies and between multiple outcome assessments within a
single study, by modeling both between-study and within-study
heterogeneity in effect sizes and accounting for a correlation
between multiple effect sizes from the same study. The model
was estimated with an assumed correlation of p=0.6 between
effect sizes within studies. Cluster robust standard errors were
estimated using a sandwich estimator with a small sample ad-
justment [50]. Effect sizes were weighted based on the inverse
of their variance. Variance between studies (z2) and between ef-
fect sizes within-study (w?) were estimated using the restricted
maximum likelihood method, and the percentage of total het-
erogeneity explained at each level of analysis was calculated (I?)
using the dmetar [51] package. Separate meta-analyses were
performed for social-emotional health and cognitive develop-
ment. Results were plotted using the ggplot2 [52] and ggpubr
[53] packages.

Publication bias was assessed by examining funnel plot asym-
metry. Funnel plot asymmetry was assessed using the “Egger
sandwich test” [54]. Essentially, this test is a meta-regression
where effect sizes are regressed on a measure of their preci-
sion (i.e., standard error). A significant association (p<0.05)
between an effect size and their standard errors indicates pub-
lication bias. A small sample adjustment was applied to the
Satterthwaite degrees of freedom for the Egger sandwich test to
reduce the Type I error [50].

Within-study and between-study subgroup analyses were con-
ducted to determine effect modifiers of the association between
each component of the 24-h movement behavior composition
and social-emotional and cognitive outcomes. Within-group
subgroup analysis was conducted to determine if the associ-
ation between each part of the 24-h movement behavior dif-
fered based on different social-emotional (i.e., internalizing,
externalizing, prosocial, positive mental health) and cognitive
development (i.e., inhibition, memory) outcomes. Within-study
subgroup analysis was conducted using a subgroup correlated
effects model [49]. Between-study subgroup analysis was con-
ducted to determine if the association between each part of the
24-h movement behavior with social-emotional health differed
based on participants’ age (i.e., <10years, >10years). Because
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subgroup analyses with very small degrees of freedom may be
unreliable [50], subgroup analyses were guided by data avail-
ability and was only conducted for subgroups that consisted of
at least five studies. Therefore, studies examining young chil-
dren (3-4years) and older children (5-9years) were combined
and compared to studies on adolescents (10-18 years).

3 | Results
3.1 | Study Selection

A PRISMA diagram of the study selection process is in Figure 1.
After removing duplicates, the initial study search identified
5785 unique papers and the updated search identified 1229 ad-
ditional studies. Of these, 3331 titles and abstracts were man-
ually screened. Each reviewer had a unique machine learning
model based on their individual choices; therefore, 2802 titles
and abstracts were screened by both reviewers and 529 were
screened by a single reviewer. The remaining 3683 titles and
abstracts were ranked below the threshold to warrant manual
screening by both reviewers' machine learning algorithm and
were automatically excluded. A total of 101 titles and abstracts
were selected as potentially relevant by at least one reviewer and
sought for full-text review. Of these, 83 articles were excluded
(see Figure 1) and 18 full texts were included. One additional

article was identified through supplementary searches, result-
ing in 19 studies included in the meta-analyses.

3.2 | Study Characteristics

A detailed description of study characteristics is displayed
in Table 1. Most studies were conducted with adolescents
(10-18years; k=7) or young children (3-4years; k=7), and
children (5-9years; k=4). One study included a sample of
children and adolescents (6-17years). All participants were
children recruited from the general population, except for
those in one study [63] which were ‘left-behind’ children (i.e.,
children nurtured by a caregiver who is not their parent).
Four studies were conducted in Australia [55, 57, 64, 69] and
China [43, 61-63], three in Canada [42, 44, 60], two in Brazil
[56, 58] and Singapore [65, 67], and one each in the United
Kingdom [59], New Zealand [68], and the United States [66].
Additionally, one study reported on multiple samples from
multiple countries [70]. The sample size of included studies
ranged from 95 to 4169 participants (median=351.5). All
studies used accelerometers to assess sedentary time, LPA,
and MVPA, while 13 studies used accelerometers to assess
sleep duration and six used parent-reported sleep duration.
Slightly more studies used hip-worn accelerometers (k=11)
compared to wrist-worn accelerometers (k=38). All studies

[ Identification of studies via other methods ]

Ineligible publication type (n =

Reports identified through
manual searching
(n=1)

[ Identification of studies via databases and registers ]
)
- Records removed before
) screening:
é Records identified from*: I(Dnuglg:%tf 3r)ecords removed
= Databases (n = 10,027) Records marked as ineligible
ﬁ by automation tools (n =
3,683)
—
\4
)
Records screened Records excluded
(n=3,331) (n =3,230)
v
Reports sought for retrieval Reports not retrieved
2] (n=101) (n=0)
s
@
3
(7] Reports excluded:
o Did not assess all 24-hour
Reports assessed for eligibility movement behaviours (n =
(I’] = 101) 57)
Did not use compositional
data analysis (n = 11)
Ineligible outcomes (n = 3)
4)
— v Duplicate sample (n = 2)
) Ineligible population (n = 2)
- Not written in English (n = 4)
g Studies included in review
3 (n=19)
o
=
—
FIGURE1 | PRISMA flowchart.
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used cut-points of either raw acceleration data or proprietary
accelerometer counts per epoch. A total of 12 different accel-
erometer cut-points were used across the included studies to
estimate physical activity and sedentary time. Two studies
also assessed sedentary screen time using parent-reported
questionnaires [42, 63]. Each of these studies also assessed
overall sedentary time using accelerometers. Social-emo-
tional outcomes reported included internalizing symptoms
(k=10), externalizing symptoms (k=8), social functioning
(k=7), positive mental health (e.g., self-esteem, emotional
wellbeing; k= 3), overall psychosocial difficulties (k=2), and
emotional self-control (k = 2). Cognitive outcomes reported in-
cluded memory (k=7), inhibition (k=7), cognitive flexibility
(k=4), academic achievement (k=3), executive functioning
(k=3), vocabulary (k=3), attention (k=2), cognitive self-
regulation (k=1), behavioral self-regulation (k=1), effortful
control (k=1), and hyperactivity (k =1). The measures used to
assess each of the outcomes are detailed in Table 1. Five stud-
ies employed a longitudinal study design, while the remaining
14 studies were cross-sectional in nature.

3.3 | Quality Appraisal

The full results of the study quality assessment are reported in
Appendix B1 (Table B1). Overall study quality ranged from 70%
to 90%. All studies had clear aims, used an appropriate study
design, appropriate assessments, and clear methods. Ten studies
employed a representative selection process; 7 studies reported
on variables related to non-response, and 2 studies provided a
rationale for the sample size. Among the longitudinal studies, all
had sufficient time between baseline and follow-up to observe a
longitudinal association; 4 of 5 studies demonstrated that miss-
ing longitudinal data was not related to outcome or exposure
variables, while only 1 study controlled for baseline mental
health in longitudinal models.

3.4 | Meta-Analyses
3.4.1 | Social-Emotional Health

Overall, 14 studies (n=8951 participants) reporting 58 effect
sizes were included in the meta-analyses for social-emotional
health. Results are presented in Figure 2 and individual effect
sizesarein Appendix C1 (Figures C1-C4). Spending more time in
MVPA, (7.94)=3.10, p=0.015, % =81.0%, 5 =0.0%,
relative to other movement behaviors, was positively associated
with social-emotional health. Spending more time sleeping,
£(9.20)=2.59, p=0.029; Iz(leve12)=52.4%, Iz(leveB):O.O%, relative
to other movement behaviors, was also positively associated
with social-emotional health. Spending more time in seden-
tary behavior relative to other behaviors was negatively asso-
ciated with social-emotional health, £(9.94)=-2.49, p=0.032,
Iz(level »=3L7%, Iz(level 3=39.6%. The amount of time spent in
LPA relative to other movement behaviors, while in the same
direction as sedentary behavior, was not significantly asso-
ciated with social emotional health, (7.6)=-1.10, p=0.304,
P eve1y=71-8%, I(1oye13=0.0%. Funnel plots for social-emo-
tional health are displayed in Appendix D1 (Figures D1-D4). The
Egger's test did not show evidence of publication bias (p>0.05).

Results from the subgroup analysis for social emotional out-
comes are displayed in Table 2. There were no significant dif-
ferences in the association between any component of 24-h
movement behavior composition and various social-emotional
health outcomes. Nevertheless, the results did show that time
spent in MVPA had a favorable association with internalizing
symptoms, social functioning, and positive mental health, but
was not related to better externalizing behaviors. Participants’
age did significantly moderate the association between sleep
and social-emotional health. Time spent sleeping relative to
other movement behaviors was related to better social-emo-
tional health among adolescents but was not related to social-
emotional health among children. There were no significant
differences in the association between sedentary time, LPA, or
MVPA with social-emotional health based on participants’ age.

3.4.2 | Cognitive Development

A total of 10 studies reporting on 11 unique samples (n =4303 par-
ticipants) and 41 effect sizes were included in the meta-analysis
for cognitive development. Results are displayed in Figure 3
and individual effect sizes are in Appendix C1 (Figures C5-
C8). The amount of time spent sleeping, £(6.95)=0.32, p=0.760,
Iz(level 2="57.0%, IZ(level »=0.0%; sedentary, ((8.87)=1.46,
p=0.180, I o »=34.4%, I, 5=33.7%; engaged in LPA,
1(7.58)==2.08, p=0.073, Iy 5=76.1%, I’y 5=1.2% or
engaged in MVPA, #(7.17)=0.13, p=0.903, IZ(level 2 =74.4%,
12(level 3 =0.0% relative to other movement behaviors were not
significantly related to cognitive development in children and
adolescents. Funnel plots for cognitive development are dis-
played in Appendix D1 (Figures D5-D8). The Egger's test found
no significant evidence of publication bias (p>0.05).

Results for the subgroup analysis for cognitive development
outcomes are presented in Table 3. Although there were no sig-
nificant differences in the association between components of
the 24-h movement behavior compositions with inhibition and
memory, there was a clear trend that the association may be
stronger for inhibition.

4 | Discussion

The aim of this systematic review and meta-analysis was to syn-
thesize research using compositional data analysis to examine
associations between 24-h movement behaviors and social-
emotional health and cognitive development in children and
adolescents. Results demonstrated that time spent in MVPA
and sleeping, relative to other behaviors, was positively associ-
ated with social-emotional health; whereas time spent seden-
tary relative to other behaviors was negatively associated with
social-emotional health. No components of 24-h movement
behavior compositions were significantly related to cognitive
development.

The results from the current review suggest that decreasing the
amount of time spent sedentary and replacing it with either
sleep or MVPA may promote better mental health outcomes in
children and adolescents, thus providing further support for the
24-h movement guidelines. These results build on evidence that
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FIGURE2 | Association between relative time spent (A) sleeping, (B) sedentary, (C) engaged in LPA, and (D) engaged in MVPA, and social-emo-

tional health.

has established the independent associations between physical
activity [71, 72], sedentary time [24, 73], and sleep [26, 74], with
social-emotional health in children and adolescents. Similar
results have been reported in studies examining the association
between meeting all the 24-h movement guideline and mental
health outcomes in young people [31]. However, it is important
to note that, despite being statistically significant, the magnitude
of the association between components of 24-h movement be-
havior composition and social-emotional health was small. For
example, engaging in 60 more minutes of MVPA while simulta-
neously decreasing the amount of time spent in the remaining
movement behaviors was only associated with a 0.09 standard
deviation increase in social-emotional health outcomes. This ef-
fect size is considerably smaller than the 0.41 standard deviation
typically considered practically significant [75]. However, this
association is only for an all-for-one substitution. One-for-one
substitution, which can be examined using compositional iso-
temporal substitution modeling [76], may demonstrate a stron-
ger association; for example, increasing engagement in MVPA
solely at the expense of time spent sedentary. The association
between 24-h movement behaviors and social-emotional health

was relatively consistent across outcomes, including internaliz-
ing symptoms, externalizing symptoms, social functioning, and
positive mental health, suggesting that the benefits of engaging
in healthier 24-h movement behavior composition may be rel-
atively universal across indicators of social-emotional health.
The results of the subgroup analysis demonstrated that the asso-
ciation between sleep and social-emotional health was stronger
among adolescents compared to children. Adolescence is a period
of rapid brain development characterized by declines in volumes
of cortical gray matter [77] which may be associated with sleep
patterns [78]. These differences in gray matter volume may help
explain why sleep is more strongly associated with social-emo-
tional health in adolescents [79], which might be a reason that
the association was stronger in adolescents compared to younger
children. Another possible explanation is that adolescents may
begin to have greater autonomy over their sleep, which may im-
pact their sleep patterns [80]. Adolescents, especially mature
adolescents aged 15years and older, may experience changes to
their circadian rhythms and homeostatic sleep/wake timing to-
wards later times, which may not align with social and scholastic
obligations, contributing to increased sleep deprivation [81].
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TABLE 2 | Subgroup analysis for social-emotional health.

Movement behavior|Subgroup df Effect size 95% confidence interval Subgroup p
Sleep
Outcome?
Externalizing 3.81 0.028 —0.009, 0.064 0.796
Internalizing 5.37 0.021 —0.009, 0.051
Social functioning 3.16 0.024 —0.008, 0.055
Positive mental health 1.68 0.013 —0.019, 0.045
Age
<10years 4.27 -0.007 —0.014, 0.013 0.017
>10years 4.25 0.033 0.005, 0.060
Sedentary
Outcome?
Externalizing 2.98 —-0.011 —0.031, 0.009 0.412
Internalizing 7.24 —-0.024 —0.049, 0.002
Social functioning 5.08 —0.024 —0.070, 0.002
Positive mental health 3.38 —0.009 —0.045, 0.027
Age
<10years 4.94 —0.035 —0.078, 0.009 0.240
>10years 4.39 —0.011 —0.035, 0.014
LPA
Outcome?
Externalizing 5.88 0.019 —0.061, 0.098 0.636
Internalizing 7.20 0.002 —0.059, 0.064
Social functioning 5.17 —0.039 —0.120, 0.042
Positive mental health 1.29 —0.021 —0.043, 0.001
Age
<10years 3.50 —0.003 —0.041, 0.034 0.257
>10years 4.64 —0.027 —0.067,0.012
MVPA
Outcome?
Externalizing 3.46 -0.019 —0.069, 0.032 0.195
Internalizing?® 6.82 0.062 —0.012, 0.135
Social functioning 4.10 0.088 —0.019, 0.194
Positive mental health 3.85 0.094 —-0.027,0.216
Age
<10years 9.36 0.056 0.011, 0.101 0.480
>10years 3.54 0.030 —0.046, 0.1

2All outcomes were scored, so a positive association is favorable (i.e., better social emotional health).

It is important to note that most of the studies which assessed example, emotional problems may cause sleep disturbances
social-emotional outcomes were cross-sectional. Therefore, it among children [82], while children experiencing internalizing
is possible that the results could reflect reverse causality. For symptoms might disengage from physical activity and engage
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TABLE 3 | Subgroup analysis of difference in association between 24-h movement behavior compositions and different cognitive outcomes.

Outcome df Effect size 95% Confidence Interval Subgroup p
Sleep
Inhibition 3.19 -0.023 —0.076, 0.030 0.366
Memory 2.98 0.001 —0.044, 0.046
Sedentary
Inhibition 3.77 0.037 —-0.027,0.101 0.510
Memory 2.87 0.023 —0.007, 0.053
LPA
Inhibition 2.51 —0.106 —0.198, —0.014 0.206
Memory 4.57 —-0.029 -0.159, 0.101
MVPA
Inhibition 1.84 0.058 —0.042, 0.158 0.272
Memory 2.46 0.021 —0.064, 0.105

Note: All outcomes were scored, so a positive association is favorable (i.e., better cognitive development).
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in more sedentary time [83]. Interestingly, while movement be-
haviors were related to social emotional health cross-sectionally,
these relationships were often not observed longitudinally. For
example, Chong, Parrish, Cliff, Dumuid, Okely [57] showed that
spending more time sleeping and less time sedentary and in
LPA was cross-sectionally related to fewer internalizing prob-
lems in adolescents, associations which were not observed lon-
gitudinally. Similarly, Taylor, Haszard, Meredith-Jones, Azeem,
Galland, Heath, Taylor, Healey [68] found that spending more
time in MVPA relative to other movement behaviors was cross-
sectionally but not longitudinally related to fewer anxiety symp-
toms and more resilience in five-year-old children. Further,
Tan et al. [67] showed that LPA was cross-sectionally associ-
ated with self-esteem and MVPA was cross-sectionally related
to relationship with friends in 10-year-old children; however,
neither had a significant longitudinal relationship. Only a sin-
gle study reported that spending more time in MVPA relative
to other movement behaviors was cross-sectionally and longitu-
dinally related to fewer internalizing symptoms in 10-year-old
children [55]. Therefore, more longitudinal studies are needed
to determine the directionality of association and strengthen
the evidence base for the association between 24-h movement
behavior composition and social-emotional health in children
and adolescents.

Interestingly, no component of 24-h movement behaviors was
associated with cognitive development in children and adoles-
cents. This finding is in conflict with the results from another
review which reported that achieving individual components
of the 24-h movement behavior guidelines and the overall
guidelines was positively associated with academic achieve-
ment and cognitive functioning [84]. However, that review only
included studies of children and adolescents aged 5-18years.
In the current review, 8 of the 11 studies that assessed cogni-
tive outcomes were in children younger than 5years of age,
making direct comparisons difficult. There is clearly a need
for more studies among children and adolescents to determine
the association between 24-h movement behavior composi-
tions and cognitive development. Although not significant,
results from the meta-analysis did point towards a trend that
spending more time sedentary and less time in LPA may be
associated with better cognitive outcomes, especially when
considering inhibition as the outcome. While these results
may seem initially surprising, there are plausible mechanisms
to explain these findings. For example, previous studies have
demonstrated that engaging in cognitively engaging activities,
typically performed while sedentary, such as reading or play-
ing video games, is favorably associated with cognitive devel-
opment in children and youth [4, 85, 86]. Additionally, it may
be important to consider that the majority of children's LPA
and sedentary time occurs while at school [87-89]. Previous
research has demonstrated that children who spend more time
being sedentary during school time have fewer hyperactivity
and inattention symptoms [90] and children who spend more
time in sedentary activities relative to other movement be-
haviors in childcare exhibit better psychosocial functioning
[91]. Similarly, research in preschool children demonstrated
that average acceleration recorded using accelerometers has
a strong negative association with children's inhibitory con-
trol and attention as reported by early childhood educators
[92]. It is possible that poor inhibitory control could manifest

as increased engagement in LPA at the expense of sedentary
behaviors in these settings, for example, if a child finds it dif-
ficult to remain seated for an entire class. Variation in asso-
ciations across contexts may partly explain the null findings,
as the association between some components of 24-h move-
ment behavior compositions may conflict depending on spe-
cific contexts such as between school and home environments.
Future studies are warranted to determine if there are time-
varying effects, exploring how 24-h movement behaviors at
different times of the day and in different contexts (e.g., during
class, after school) are related to cognitive development during
childhood and adolescence.

To our knowledge, this is the first study to conduct a meta-
analysis on 24-h movement behavior compositional data and
emotional and cognitive health in children and adolescents.
The results provide the most up-to-date evidence into the rel-
ative association between each component of 24-h movement
behaviors and social-emotional health and cognitive devel-
opment in children and adolescents. The study has several
strengths, including conducting a comprehensive systematic
review supplemented by manual searches to identify all pub-
lished studies relevant to the research question. Additionally,
this study used machine learning software to assist with
screening titles and abstracts, which can decrease the error
rate in screening due to being presented in a random order
[93]. Further, unlike previous reviews that have taken de-
scriptive approaches to synthesizing compositional data, a
meta-analysis was undertaken, resulting in the reporting of
direction and strength of associations. There are a few areas
that require future research attention. No studies have com-
pared the association between boys and girls. Given potential
biological and societal factors impacting experiences, research
comparing boys and girls could provide important insights into
the association between 24-h movement behaviors and men-
tal health. Additionally, two studies reported on screen time
separate from device-assessed sedentary time. More research
into screen time specifically could provide important insights
into how different types of sedentary activities as part of a 24-h
time use composition relate to mental health.

This study also had several limitations that need to be con-
sidered. First, most studies included in the meta-analyses
reported on cross-sectional data; therefore, the results from
the present study cannot be used to infer causation, and it is
not possible to rule out reverse causation. Second, only stud-
ies written in English were eligible for inclusion in this study;
therefore, relevant articles may have been excluded if they
were written in languages other than English. Additionally,
there was some between-study heterogeneity observed in the
meta-analyses; however, given the relatively limited number
of studies included in each meta-analysis, and the need for a
relatively large number of studies to conduct subgroup analy-
sis using a robust variance estimator, it was not feasible to con-
duct a meta-regression to examine all sources of heterogeneity.
More studies in diverse populations, including diverse social-
emotional and cognitive outcomes, are necessary to examine
differences based on possible effect modifiers. Lastly, only
five of the included studies (reporting on three unique sam-
ples) recruited samples representative of national populations,
potentially limiting the generalizability of the findings. Most
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studies were conducted in urban areas and recruited children
from generalist schools and childcare centers. Therefore, cer-
tain groups of children, such as those living in rural areas or
children with disabilities, may not have been adequately rep-
resented, or even purposefully excluded from studies included
in the meta-analyses.

5 | Conclusion

This paper synthesized the results from studies using compo-
sitional data analysis to examine the association between 24-h
movement behaviors and social-emotional health and cognitive
development outcomes in children and adolescents. The results
showed that replacing sedentary time with MVPA or sleep may
promote social-emotional health in children and adolescents.
Interestingly, based on available evidence, no components of the
24-h movement behavior composition were significantly related
to cognitive development. However, most existing evidence is
from cross-sectional studies; evidence from longitudinal stud-
ies is less conclusive. More longitudinal studies are needed to
strengthen the evidence base. Additionally, further research
is warranted to better understand the optimal 24-h movement
behavior combinations, including different types of physical ac-
tivity and sedentary behaviors (e.g., cognitively active, screen-
based), for children and adolescents’ social-emotional health
and cognitive development.
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