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Abstract

Researchers have adopted a variety of analytical techniques to examine the collective influence of 24-h movement
behaviors (i.e., physical activity, sedentary behaviors, sleep) on mental health, but efforts to synthesize this growing
body of literature have been limited to studies of children and youth. This systematic review investigated how com-
binations of 24-h movement behaviors relate to indicators of mental ill-being and well-being across the lifespan.

A systematic search of MEDLINE, PsycINFO, Embase, and SPORTDiscus was conducted. Studies were included if they
reported all three movement behaviors; an indicator of mental ill-being or well-being; and were published in Eng-
lish after January 2009. Samples of both clinical and non-clinical populations were included. A total of 73 studies
(n=58 cross-sectional; n=15 longitudinal) met our inclusion criteria, of which 47 investigated children/youth and 26
investigated adults. Seven analytical approaches were used: guideline adherence (total and specific combinations),
movement compositions, isotemporal substitution, profile/cluster analyses, the Goldilocks method and rest-activity
rhythmicity. More associations were reported for indicators of mental ill-being (n=127 for children/youth; n=53

for adults) than well-being (n =54 for children/youth; n= 26 for adults). Across the lifespan, favorable benefits were
most consistently observed for indicators of mental well-being and ill-being when all three components of the 24-h
movement guidelines were met. Movement compositions were more often associated with indicators of mental
health for children and youth than adults. Beneficial associations were consistently observed for indicators of mental
health when sedentary behavior was replaced with sleep or physical activity. Other analytic approaches indicated
that engaging in healthier and more consistent patterns of movement behaviors (emphasizing adequate sleep,
maximizing physical activity, minimizing sedentary behaviors) were associated with better mental health. Favorable
associations were reported less often in longitudinal studies. Collectively, these findings provide further support

for adopting an integrative whole day approach to promote mental well-being and prevent and manage mental
ill-being over the status quo of focusing on these behaviors in isolation. This literature, however, is still emerging—for
adults in particular—and more longitudinal work is required to make stronger inferences.
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Introduction

Poor mental health and high rates of mental illness are
major concerns across the lifespan in society today.
Findings from the 2019 Global Burden of Disease Study
estimated that roughly one in eight adults have a men-
tal disorder [1], whereas the prevalence is slightly lower
among children and adolescents at one in twelve individ-
uals [2]. Depression and anxiety represent the most com-
mon mental health problems, and rates of these disorders
have risen further since the onset of the COVID-19 pan-
demic [3]. Beyond clinically diagnosed mental disorders,
recent evidence has also found overall declines in men-
tal health and well-being across the lifespan [4, 5]. Col-
lectively, the impacts of poor mental health and mental
illness are felt at many levels in our society—whether it
be at the individual, family, school or workplace—and
place a considerable burden on health care systems and
the economy [6, 7]. The economic burden of mental dis-
orders is only expected to rise, with projections estimat-
ing an economic burden of $6 trillion by 2030 [8]. Such
evidence underscores the need to better understand the
etiology of mental well-being and mental disorders.

Historically, mental health research has predominantly
focused on psychopathology and distress, adopting a
pathogenic perspective based on the medical model of
disease. This model views mental health as merely the
absence of mental illness, such as depression or anxiety.
However, recent developments have brought forth the
dual continua model of mental illness and health [9]. This
model recognizes that mental illness and mental health
are related but distinct dimensions. Keyes’ [9] seminal
research provided robust evidence for this model, sug-
gesting that individuals range from languishing to flour-
ishing on a mental health continuum, while also existing
on a parallel continuum of mental illness, characterized
by the presence or absence of psychopathological symp-
toms. The dual continua model thus offers a more holis-
tic understanding of mental health, promoting a refined
view that covers the entire spectrum from dysfunction
to optimal mental well-being. It has been proposed that
widespread and systematic adoption of the dual-continua
model would inspire significant reform to the mental
health care system, which may better prepare systems
for the overwhelming burden of mental illness [10]. It is
therefore imperative that we identify cost-effective strat-
egies that can not only assist in the prevention and/or
management of mental ill-being, but also promote men-
tal well-being.

Mental health promotion efforts targeting modifiable
lifestyle behaviors are receiving growing interest as a
potential low-cost alternative to traditional psychother-
apy and pharmacological interventions [11, 12]. Among
these behaviors there has been considerable recent
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attention paid to how much we move, remain stationary,
and sleep over the course of a 24-h period. While there is
no consensus terminology for referring to these behaviors
collectively [13], they are most commonly referred to as
24-h movement behaviors, the 24-h activity cycle, physi-
cal behaviors, time-use behaviors or time-use activity
behaviors. We will use the term 24-h movement behav-
iors for the purpose of this review. Prior to the emergence
of the notion that all movement behaviors we engage in
over the course of a whole day are important for health
[14], researchers generally examined physical activity,
sedentary behaviors and sleep independently. Reviews of
observational studies have generally shown that engag-
ing in greater amounts of moderate-to-vigorous inten-
sity physical activity [12, 15-22] and lower amounts of
sedentary behavior, including recreational screen time
[23-29], are associated with greater mental well-being
and reduced risk of mental ill-being among children and
youth as well as adults. It should be noted that context
has been acknowledged to play an influential role in these
relationships [20, 30], although existing literature has
arguably placed a greater emphasis on duration, volume
or intensity-based metrics. Studies investigating sleep
duration, on the other hand, have suggested an optimal
range may exist wherein too much or too little sleep is
associated with poorer scores on indicators of mental
health and greater risk of mental disorders [12, 31-33].
This siloed approach neglected the fact that movement
behaviors are co-dependent (i.e., time spent engaging
in one behavior reduces time available for other behav-
iors) and interact to influence health [34]. This was the
impetus for development of 24-Hour Movement Guide-
lines, which were first released in Canada in 2016 with
recommendations specific to children and youth [35].
Several countries have since adopted 24-Hour Movement
Guidelines (e.g., [36—38]), and these recommendations
have been tailored for other segments of the population
(e.g., early childhood, adults, older adults) [39, 40]. Con-
sequently, the release of these integrative guidelines has
sparked an emergence of studies seeking to answer dif-
ferent research questions regarding how combinations
of 24-h movement behaviors relate to a variety of health
outcomes [41, 42].

To date, two systematic reviews and one scoping review
have investigated associations between 24-h movement
behaviors and indicators of mental health [43—-45]. These
reviews focused strictly on children and youth, which is
likely attributable to the 24-Hour Movement Guidelines
for Children and Youth being published first in 2016
[35]. Nevertheless, evidence from the systematic reviews
generally suggested that adhering to an increasing num-
ber of the 24-h movement guidelines or all three guide-
lines (compared to none) were associated with favorable
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benefits for several indicators of mental health, risk of
depression and depressive symptoms in particular [44,
45]. It is important to acknowledge, however, that the
studies included in the systematic reviews were largely
cross-sectional and analyses tended to focus on guide-
line adherence as opposed to other approaches such as
compositional data analysis techniques, which are par-
ticularly appropriate for analyzing whole day time-use
data given the approach takes the co-dependent nature
of these behaviors into consideration, ultimately reducing
bias in estimates [46]. The more recent scoping review
by de Lannoy et al. [43] captured many more articles
(n=42) that examined associations between 24-h move-
ment behaviors and mental health, including eight stud-
ies using compositional data analysis techniques. Among
the studies included in their review, 21/27 (78%) and
23/27 (85%) studies that investigated indicators of men-
tal well-being and ill-being [12], respectively, reported
favorable associations with 24-h movement behaviors
when assessed collectively. However, findings across ana-
lytic approaches were amalgamated, which fails to convey
important insights from the different research questions
examined. Beyond the literature focused on children and
youth, new evidence is emerging rapidly for adults, but
these findings have yet to be synthesized to gain a more
comprehensive understanding of how combinations of
24-h movement behaviors relate to mental health during
adulthood. If the favorable associations observed among
young people extend across the broader lifespan, such
findings would further support the importance of adopt-
ing the integrative whole day approach to health over
the status quo of examining these behaviors in isolation.
Therefore, the purpose of this study was to conduct a
systematic review to examine how combinations of 24-h
movement behaviors relate to indicators of mental ill-
being and well-being across the lifespan.

Methods

Protocol and registration

This review was prospectively registered with the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO; submitted July 13, 2022; ID: CRD42022345672).
The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines were followed
[47], and items are reported using the PRISMA Checklist
(see Additional file 1).

Inclusion criteria

We included studies that met the following criteria: (a)
measured all three movement behaviors (i.e., physi-
cal activity, sedentary/screen time, sleep duration); (b)
assessed at least one emotional or psychological indica-
tor of mental well-being (e.g., flourishing, life satisfaction,
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self-esteem) or ill-being (e.g., depressive symptoms,
psychological distress, suicidal ideation); (c) examined
the effect sizes of associations between 24-h movement
behavior combinations with at least one mental health
indicator (e.g., regression coefficients, odds ratios, risk
ratios, etc.); (d) were published after 2009; and (e) were
published in the English language. Mental health was
operationalized as a multidimensional construct involv-
ing facets of either mental well-being or ill-being based
on Keyes’ [9] dual continua model. Emotional and psy-
chological indicators of mental health were focused on
given their introspective and interconnected nature
(e.g., emotional states can influence mental function-
ing related to thought patterns and behaviors, and vice
versa). For measures of mental ill-being, these included
psychiatric symptoms as well as disorders (e.g., depres-
sive symptoms, risk of being diagnosed with depres-
sion). Measures of well-being involved a focus on positive
attributes of mental health (e.g., flourishing, self-esteem)
and emotions (e.g., affect, happiness). Items/scales that
measured quality of life were included as an indicator of
mental health if they assessed happiness or life satisfac-
tion, which are considered aspects of mental well-being
[48]. In contrast, measures of health-related quality of
life (HRQoL) were excluded based on the premise that
they assess health-related aspects of life quality beyond
strictly mental health (e.g., physical, motor skills, social,
etc.). The year 2009 was selected as the start date of our
search given it preceded the first paper (to our knowl-
edge) which acknowledged the co-dependence between
movement behaviors by five years [49], and thus was
expected to capture all studies that examined how com-
binations of 24-h movement behaviors relate to mental
health. Studies were excluded if they (a) were not a peer-
reviewed article (i.e., Masters thesis, PhD dissertations,
conference abstracts); (b) assessed health-related quality
of life or cognitive-based indicators of brain health; and
(c) specified 24-h movement behaviors as the outcome as
opposed to the exposure in the statistical model.

Search strategy, data extraction, and data synthesis

An electronic search was conducted in the MEDLINE,
PsycINFO, Embase, and SPORTDiscus databases in July
2022 and subsequently updated in February 2023 and
August 2023. These databases were searched based on
their relevance to the review topic and for consistency
with previous reviews examining associations between
24-h movement behaviors and mental health among
children and youth that also searched these databases. A
manual search of the new non-indexed Journal of Activity,
Sedentary and Sleep Behaviors was also performed given
the relevance of its scope to the purpose of the present
review. Search terms can be found in Additional file 2.
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The search strategy did not specify indicators of men-
tal health as the language used to describe such meas-
ures tends to be heterogenous and some studies simply
state “health outcomes’, which would have led to exclu-
sion at the title and abstract stage when mental health
may have been assessed. References were imported to
the review management software Covidence (Evidence
Partners, Ottawa, ON, Canada), where duplicates were
removed and titles/abstracts reviewed by two independ-
ent reviewers for initial inclusion. After initial screening,
full-texts were retrieved and independently examined
for final inclusion. Any conflicts during each stage were
resolved through discussion amongst the research team.
References of included articles and relevant reviews were
further searched to identify studies which may have been
missed by the database searches. Data extraction was
performed independently by two reviewers and a third
reviewer examined the data for consensus, and included:
(a) publication year; (b) demographic measures (e.g., age,
sex, country); (c) sample size; (d) measure of movement
behaviors; () measure(s) of mental health; (f) the statisti-
cal analysis employed; and (g) key findings.

Given the heterogeneity in the samples and statistical
analysis techniques used to examine the relationships
between 24-h movement behaviors and indicators of
mental health, a quantitative synthesis (i.e., meta-analy-
sis) was not conducted. Therefore, we proceeded with a
narrative synthesis, and studies were reviewed and com-
pared on a variety of characteristics including: age (chil-
dren and youth, adults); study design (cross-sectional,
longitudinal), indicator of mental health, and statistical
analysis technique employed.

Methodological quality and risk of bias assessment

All included studies used an observational design, there-
fore an adaptation of the National Institute of Health’s
Quality Assessment Tool for Observational Cohort and
Cross-sectional Studies (QATOCCS [50]) was used to
assess the methodologic quality and validity of each study
as well as their risk of bias. Study quality and risk of bias
was assessed independently by two reviewers on the
14 criteria assessing clarity in reporting (e.g.., research
question, population details), justification of methodo-
logical choices (e.g., reliability and validity of measure-
ment tools, sample size), and use of best practices (e.g.,
repeated assessments, adjusting for confounders). Each
study received a “yes’, “no’, or “other” response to each
question to then be rated as “poor”, “fair’; or “good” based
on these considerations as concerned with the exposure
(i.e., 24-h movement behaviors) and outcomes of inter-
est (i.e., indicators of mental health). The responses are
intended to be used as a guide for assessing the quality
and risk of bias rating, however, in line with previous
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work that has used ranges of scores to provide quanti-
tative evaluations [51, 52], we considered studies with a
score between <4 to be poor, 5 to 9 to be fair, and>9 to
be good.

Results

Included studies

The initial search identified 11,339 records, which was
reduced to 8,749 after duplicates were removed. Our
updated searches in February and August identified an
additional 1,366 and 890 records, which was reduced to
731 and 569 records after duplicates were removed. A
total of 6 articles were identified in our manual search of
the Journal of Activity, Sedentary and Sleep Behaviors. In
total, 10,055 records were identified across the searches.
A team of seven reviewers screened the titles and
abstracts for inclusion (two independent reviewers per
study), resulting in 266 records that were moved to the
full text review stage. Two independent reviewers then
read and assessed the full text articles for inclusion, ulti-
mately resulting in a total of 73 studies that met all inclu-
sion criteria. At both screening stages, any disagreements
were resolved through discussion and consensus among
the screening team. A PRISMA flow diagram is presented
in Fig. 1.

Description of studies

Study details and outcomes are presented and briefly
summarized in Table 1. Studies included were published
between 2017 and 2023 with samples from 16 different
countries: Canada (#=22), United States (#=15), China,
including Hong Kong (n=15), Australia: (#=8), United
Kingdom (n=4), South Korea (n=2), Spain (n=2), Brazil
(n=2), Finland (n=1), Japan (n=2), New Zealand (n=2),
Singapore (n=1), Sweden (n=1), Switzerland (n=1), and
The Netherlands (#=1), Belgium (n=1). A total of 47
studies included samples of children and youth (414,542
total participants with a rangefrom 88 to 73,074 partici-
pants across studies, and ranging from 3 to 17 years of
age), of which 37 used cross-sectional designs and 10
used longitudinal designs. For adults, a total of 26 stud-
ies were included in our review (183,163 participants
with a range of 200 to 60,235 participants across stud-
ies, and ranging from 15 to 79 years of age), of which
21 used cross-sectional designs and five used longitudi-
nal designs. The follow-up time ranged from 6-months
to 22-years for prospective studies. A total of 65 stud-
ies included non-clinical samples (children and youth:
n=42; adults: »=23) and 8 studies included clinical sam-
ples (children and youth: n=5; adults: n=3). The same
datasets were used in multiple studies: two studies used
the Application of integrateD Approaches to understand-
ing Physical activity during the Transition to emerging
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Fig. 1 PRISMA flow diagram

adulthood (ADAPT) dataset [53, 54], two studies used
a sample of children from two studies conducted in the
United Kingdom [55, 56], two studies used the National
Longitudinal Study of Adolescent to Adult Health (Add
Health) [57, 58], three studies used the National Survey

Studies from databases/registers (n = 13595)
Studies from manual search of the Journal of
Activity, Sedentary and Sleep Behaviors (n = 6)
c
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of Children’s Health (NSCH) [59-61], and the similarities
of the study design and participant characteristics across
three studies[62-64] suggested the same unnamed data-
set was used. Associations between combinations of 24-h
movement behaviors and indicators of mental health
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were assessed using seven different analytical approaches:
total guideline adherence (i.e., adhering to none, one,
two or all three of the guidelines), specific combinations
of guideline adherence (i.e., adhering to none, physical
activity, sleep, sedentary behavior/screen time, physical
activity and sleep, sleep and sedentary behavior/screen
time, physical activity and sedentary behavior/screen
time, or all three guidelines concurrently), compositional
data analysis, the Goldilocks approach (within a compo-
sitional data analysis framework, which aims to deter-
mine the optimal time-use composition for indicators of
health), isotemporal substitution (traditional and compo-
sitional data analysis models), rest/activity rhythmicity,
and latent profile or cluster-based analyses.

Measurement of movement behaviors

Physical activity was assessed via accelerometers in 31
studies (n=16 for children and youth; n=15 for adults)
and using self- or proxy-reported questionnaires in 42
studies (n=31 for children and youth; n=11 for adults).
Sedentary behavior, including recreational screen time,
was assessed via accelerometers in 21 studies (n="7 for
children and youth; n=14 for adults), self- or proxy-
reported questionnaires in 50 studies (=38 for children
and youth; n=12 for adults), and a combination of accel-
erometers and self-reported questionnaires in two stud-
ies that were both conducted with samples of children
and youth. Finally, sleep was assessed via accelerometers
in 20 studies (n=11 for children and youth; n=9 for
adults) and using self- or proxy-reported questionnaires
in 53 studies (n=36 for children and youth; n=17 for
adults).

Indicators of mental ill-being and well-being

Most studies (44 of 73; 60%) assessed multiple indicators
of mental health. Indicators of mental well-being (i.e.,
positive mental health) included: flourishing (n=5 for
children and youth), quality of life (=3 for children and
youth), self-esteem (n=5 for children and youth), resil-
ience (n=6 for children and youth), life satisfaction (n=3
for children and youth), general mental health (n=2 for
children and youth; n=4 for adults), happiness (n=1 for
children and youth; n=1 for adults), well-being (n=1 for
children and youth; n =4 for adults), daily affect (n=2 for
adults) and mood states (=1 for adults). Indicators of
mental ill-being (i.e., negative mental health) included:
depression or depressive symptoms (n=18 for children
and youth; n=13 for adults), anxiety or anxiety symp-
toms (n=13 for children and youth; n=10 for adults),
psychological distress (n=2 for children and youth; n=4
for adults), loneliness (n=1 for children and youth; n=1
for adults), prolonged sadness (n=1 for children and
youth), suicidal ideation and planning (n=2 for children

(2024) 3:9
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and youth; n=3 for adults), suicidal attempts (n=2 for
children and youth), total difficulty problems (n=11 for
children and youth), internalizing problems (n=11 for
children and youth), emotional dysregulation (n=1 for
children and youth), and post-traumatic stress disorder
(n=1 for adults). More associations were reported for
indicators of mental ill-being (#=127 for children and
youth; n=53 for adults) than well-being (n=>54 for chil-
dren and youth; n =26 for adults).

Some studies stratified their results by different factors
including sex/gender (n=5 studies), age groups includ-
ing school grade (n=6 studies), sleep guideline adher-
ence (n=2 studies), weight status (n=1), workday vs.
non workday (n=1), weekday vs. weekend (n=1), and
chronic health conditions and disabilities (CCD; n=1).
As a result, total associations are out of the number of
individual samples (i.e., a study that stratified their sam-
ple by sex/gender would be counted as two associations:
one for boys and one for girls), rather than number of
studies.

Associations between combinations of 24-h movement
behaviors and mental health

A summary of all associations by age group (children and
youth; adults), analytic approach, indicator of mental
health (ill-being; well-being), and design (cross-sectional;
longitudinal) is presented in Additional file 3.

Cross-sectional studies of children and youth

Total guideline adherence Among cross-sectional studies,
24/38 (63%) of the associations showed that meeting all
three guidelines concurrently was correlated with favora-
ble scores for indicators of mental health, whereas 22/38
(58%) and 23/38 (60%) associations demonstrated favora-
ble effects for meeting one guidelines or two guidelines,
respectively. When decomposed into indicators of well-
being and ill-being, findings revealed 10/14 (71%), 11/14
(79%), and 11/14 (79%) associations were favorable effects
when meeting one, two, or three guidelines, respectively,
for indicators of mental well-being. For indicators of
mental ill-being, 13/24 (54%) associations demonstrated
favorable effects for meeting all three guidelines, 12/24
(50%) associations for meeting two guidelines, and 12/24
(50%) for meeting only one guideline.

Specific combinations of guideline adherence A total
of 33/58 (57%) associations showed favorable effects
for meeting all three guidelines concurrently. In con-
trast, 33/58 (57%), and 25/58 (43%), 25/58 (43%), asso-
ciations demonstrated favorable effects for adherence
to the screen time and sleep, physical activity and sleep,
and physical activity and screen time guidelines, respec-
tively. Specific to indicators of mental well-being, find-
ings revealed 10/13 (77%) associations were favorable
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effects for adherence to all three guidelines, 8/13 (62%)
for physical activity and sleep guideline adherence, 8/13
(62%) for physical activity and screen time guideline
adherence, and 6/13 (46%) for screen time and sleep
guideline adherence. For indicators of mental ill-being,
findings revealed 23/45 (51%) associations were favorable
effects for adherence to all three guidelines, 27/45 (60%)
for meeting the screen time and sleep guidelines, 17/45
(38%) associations for meeting the physical activity and
sleep guidelines and 17/45 (38%) associations for meeting
the physical activity and screen time guidelines.

Compositional data analysis A significant relationship
between the 24-h movement composition and indica-
tors of mental health was observed in 11/20 (55%) asso-
ciations. Among the studies that reported the effects of
each behavior (relative to others), significant adverse
associations were observed for light physical activity
(2/16; 13%) and sedentary behavior (9/16; 56%), whereas
significant beneficial associations were observed for sleep
(6/16; 38%), MVPA (4/16; 25%) and light physical activ-
ity (1/16; 6%). Examining indicators of mental well-being
and ill-being independently revealed a significant rela-
tionship for the 24-h movement composition with indi-
cators of mental well-being in 4/7 (57%) associations and
7/13 (54%) associations for indicators of mental ill-being.
Among the studies that reported the effects of each
behavior (relative to others), significant favorable associa-
tions were observed for MVPA (1/3; 33%) for indicators
of mental well-being and for sleep (6/13; 46%), MVPA
(3/13; 23%), and light physical activity (1/13; 7%) for indi-
cators of mental ill-being. Whereas significant adverse
effects were observed for light physical activity (2/13;
15%) and sedentary behavior (9/16; 70%) for indicators of
mental ill-being.

Goldilocks method The optimal 24-h movement com-
position for mental health was roughly 10 to 11 h of
sleep; 6.5 to 8 h of sedentary time, 2 to 7 h of light phys-
ical activity, and 43 min to 2 h of MVPA in 5/5 (100%)
associations. These results were consistent across the two
associations for indicators of mental well-being and three
associations for mental ill-being.

Rest-activity rhythmicity A significant negative rela-
tionship (more stability) was observed between inter-
daily stability and indicators of mental ill-being in 1/2
(50%) associations, whereas no associations (0/2; 0%)
were significant for intra-day variability. Rest-activity
rhythmicity has not been examined in relation to mental
well-being, to date.

Isotemporal substitution Replacing sedentary behav-
ior with MVPA (14/17 associations; 82%) or sleep (13/17
associations; 76%) were most consistently found to be
correlated with more favorable mental health scores.
Reallocating sleep to MVPA was correlated with more
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favorable mental health scores in 4/17 (26%) associations,
whereas in contrast, reallocating MVPA to sleep was cor-
related with more favorable mental health scores in 5/17
(29%) associations. When decomposed into indicators of
well-being and ill-being, results revealed similar patterns.
For mental well-being, replacing sedentary behavior with
MVPA (7/8 associations; 88%) or sleep (6/8 associations;
75%) had favorable effects. For mental ill-being, replac-
ing sedentary behavior with MVPA (8/9 associations;
89%) or sleep (7/9 associations; 78%) was correlated with
favorable scores. Reallocating time from sleep to MVPA
was beneficial in 3/8 associations (38%) for mental well-
being compared to 1/9 associations (11%) for mental ill-
being. Replacing MVPA with sleep was only beneficial for
indicators of mental ill-being (5/9 associations; 56%).
Latent profile or cluster-based analyses The healthiest
combination of movement behaviors (adequate sleep,
high MVPA, low sedentary time) was correlated with the
most favorable mental health scores across 5/5 associa-
tions (100%), followed by mixed behavioral profiles (e.g.,
healthy amounts of sleep and MVPA, but not screen
time), and lastly, consistently unhealthy profiles (e.g.,
least healthy amounts of all three movement behaviors).
These findings were consistent for 3/3 (100%) associa-
tions investigating indicators of mental well-being and
2/2 (100%) associations investigating mental ill-being.

Longitudinal studies of children and youth

Total guideline adherence For total guideline adherence,
meeting one, two or three guidelines concurrently was
correlated with favorable scores for indicators of mental
health in 3/12 (25%) associations. None of the associa-
tions were significant for indicators of mental well-being
(0/5; 0%), whereas 3/7 (43%) associations showed favora-
ble effects for indicators of mental ill-being.

Specific combinations of guideline adherence Favorable
mental health scores were found in 2/4 (50%) associations
for meeting all three guidelines, 1/4 (25%) associations
for meeting the screen time and physical activity guide-
lines and 3/4 (75%) associations for screen time and sleep
guideline adherence. All associations investigated indica-
tors of mental ill-being.

Compositional data analysis No associations (0/5;
0%) demonstrated a significant relationship for the 24-h
movement composition with indicators of mental well-
being (0/2 associations; 0%) or mental ill-being (0/3 asso-
ciations; 0%).

Isotemporal substitution Akin to the cross-sectional
studies among children and youth, replacing sedentary
behavior with MVPA (8/8 associations; 100%) or sleep
(7/8 associations; 89%) were most consistently found
to be correlated with more favorable mental health
scores. Comparatively, 5/8 (63%) associations found that
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replacing MVPA with sleep was correlated with better
scores for mental health, whereas only 2/8 (26%) associa-
tions showed replacing sleep with MVPA was correlated
with more favorable mental health scores. All associa-
tions investigated indicators of mental ill-being.

Latent profile or cluster-based analyses The healthiest
combination of movement behaviors (adequate sleep,
high MVPA, low sedentary time) was associated with the
most favorable mental ill-being scores in 1/1 (100%) asso-
ciations, whereas no differences were observed across the
other behavioral combination profiles. Associations with
indicators of mental well-being have not been examined.

Cross-sectional studies of adults

Total guideline adherence For total guideline adherence,
13/21 (62%) associations showed that meeting all three
guidelines concurrently was associated with favora-
ble effects for indicators of mental health, whereas 8/21
(38%) and 3/21 (14%) associations showed meeting two
guidelines, or one guideline were associated with favora-
ble effects, respectively. For indicators of well-being,
findings revealed 1/7 (14%), 1/7 (14%), and 3/7 (43%)
associations were favorable effects for adherence to one,
two, and all three guidelines, respectively. For indicators
of mental ill-being, a total of 2/14 (14%), 7/14 (50%), and
10/14 (71%) associations were favorable effects for adher-
ing to one, two, and all three guidelines, respectively.

Specific combinations of guideline adherence A total of
5/8 (63%) associations demonstrated favorable effects for
meeting all three guidelines concurrently, whereas 5/8
(63%), 5/8 (63%), and 4/8 (50%) associations were favora-
ble effects for adherence to the physical activity and sleep
guidelines, sedentary behavior and sleep, and physical
activity and sedentary behavior guidelines, respectively.
For indicators of mental well-being, results indicated a
favorable effect for adhering to the physical activity and
sleep guidelines in 1/1 (100%) associations. For men-
tal ill-being, findings revealed 4/7 (57%), 4/7 (57%), 5/7
(71%), and 5/7 (71%) associations were favorable effects
for adherence to the physical activity and sleep guide-
lines, physical activity and sedentary behavior guidelines,
sleep and sedentary behavior guidelines, and all three
guidelines, respectively.

Compositional data analysis A significant relationship
between the 24-h movement composition and mental
health was observed in 4/13 (31%) associations. Among
the studies that reported the effects of each behavior
(relative to others), significant favorable associations
were observed for MVPA (4/10; 40%), sleep, (1/10; 10%)
and light physical activity (1/10; 10%), whereas signifi-
cant adverse associations were observed for sedentary
behavior (2/10; 20%) and light physical activity (1/10;
10%). Among these results, findings revealed a significant
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relationship between the 24-h movement composition
and indicators of mental well-being in 1/4 (25%) associa-
tions and 3/9 (33%) associations for indicators of men-
tal ill-being. For studies that reported the effects of each
behavior (relative to others), significant favorable effects
were observed for MVPA (3/5; 60%) and light physical
activity (1/5; 20%) for indicators of mental well-being
and favorable effects were observed for MVPA (1/5; 20%)
and sleep (1/5; 20%) for indicators of mental ill-being.
Whereas adverse associations were observed for seden-
tary behavior (2/5; 40%) and light physical activity (1/5;
20%) for indicators of mental ill-being.

Isotemporal substitution Replacing sedentary behavior
with MVPA was associated with more favorable mental
health scores in 8/17 (47%) associations. Reallocating
time from sedentary behavior (6/17 associations; 35%) or
MVPA (1/17 associations; 6%) to sleep was found to have
beneficial effects for mental health. Replacing sleep with
MVPA was also found to be correlated with more favora-
ble benefits for mental health in 5/17 (29%) associations.
Finally, reallocating time from sleep (4/17; 24%) or seden-
tary behavior (5/14; 29%) to LPA was found to have ben-
eficial effects for mental health. Examining indicators of
mental well-being and ill-being independently revealed
similar pattens. For mental well-being, replacing seden-
tary behavior with MVPA (2/5 associations; 40%) or sleep
(2/5 associations; 40%) was associated with more favora-
ble effects. Reallocating time from sleep (2/5 associa-
tions; 40%) or sedentary behavior (2/5 associations; 40%)
to LPA was also found to be correlated with favorable
benefits for mental well-being. For indicators of mental
ill-being, replacing sedentary behavior with MVPA (6/12
associations; 50%) or sleep (4/12 associations; 33%) was
associated with more favorable effects. Reallocating time
from sleep (2/12 associations; 17%) or sedentary time
(3/12 associations; 25%) to LPA was also correlated with
more favorable scores for mental ill-being.

Latent profile or cluster-based analyses A total of 2/3
(67%; 2/2 for indicators of mental well-being) associa-
tions revealed the healthiest combinations of movement
behaviors (adequate sleep, high MVPA, low sedentary
time) was associated with the most favorable scores for
mental health, followed by mixed behavioral profiles, and
lastly, consistently unhealthy profiles. For indicators of
mental ill-being, a total of 1/3 (33%) associations showed
engaging in healthy amounts of all three behaviors, two
out of three behaviors or no behaviors were associated
with more favorable scores than engaging in healthy
amounts of only one behavior.

Longitudinal studies of adults
Total guideline adherence For total guideline adher-
ence, 2/2 (100%) associations (both measures of mental
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ill-being) showed that meeting all three guidelines con-
currently was associated with favorable effects for mental
health.

Compositional data analysis No associations (0/4; 0%)
found a significant relationship between the 24-h move-
ment composition and indicators of mental well-being
(0/2 associations; 0%) or mental ill-being (0/2 associa-
tions; 0%).

Isotemporal substitution Replacing sedentary behavior
with MVPA was correlated with more favorable men-
tal health scores in 5/11 (45%) associations, whereas
replacing sedentary behavior with sleep was only corre-
lated with beneficial effects for mental health scores in
2/11 (18%) associations. Finally, 2/11 (18%) associations
revealed that reallocating time from sleep to MVPA was
associated with beneficial effects for mental health. For
indicators of well-being, beneficial effects were observed
in 3/5 (60%) associations when replacing sedentary time
for MVPA. Reallocating time from sleep to MVPA was
associated with beneficial effects for mental well-being
in 2/5 (40%) associations. For mental ill-being, replac-
ing sedentary time with MVPA (2/6 associations; 33%)
or sleep (2/6 associations; 33%) was correlated with more
favorable scores.

Methodological quality and risk of bias assessment

The study quality and risk of bias results are presented in
Table 2. The majority of studies (n=66; 90%) were con-
sidered to be of fair quality, with only 7 (10%) considered
to be of good quality. No studies were considered of poor
quality.

Discussion

This systematic review synthesized the evidence sur-
rounding the relationships between combinations of
24-h movement behaviors—physical activity, sleep, and
sedentary behaviors—and a range of different indicators
of mental ill-being and well-being across the lifespan. A
total of 597,705 participants from 16 different countries
were represented in the 73 studies that met our inclusion
criteria. The majority of studies included samples of chil-
dren and youth (n=47), though roughly one third of the
studies focused on adults (z=26). The volume of studies
involving adult samples is promising given 24-h move-
ment guidelines specific to these age groups were only
released in 2020 [39]. Although more longitudinal work
has been published in recent years (n=15), the body
of literature largely consists of cross-sectional studies
(n=58). Different research questions related to the asso-
ciations between movement behaviors and indicators of
mental health have been quantified using seven different
analytical approaches, with the vast majority of studies
investigating total or specific combinations of guideline
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adherence, followed by compositional data analysis,
isotemporal substitution, latent profile or cluster-based
analysis, the Goldilocks method, and rest-activity rhyth-
micity. The diversity of analytical methods employed in
this literature highlights the complexity of quantifying
these associations but converges on a critical consensus:
engaging in a healthy balance of movement behaviors
characterized by accruing adequate sleep, maximizing
MVPA, and minimizing sedentary behaviors, regardless
of age, appears to be beneficial for mental health. How-
ever, the need for more longitudinal studies and device-
based measurement to improve the precision in our
estimates remains to fully understand the implications of
movement behaviors on mental health and to tailor rec-
ommendations that can effectively promote mental well-
being and reduce ill-being across the lifespan.

At present, cross-sectional studies investigating guide-
line adherence, whether it be total guidelines met or
specific combinations, with self- or proxy-reported
measures remain dominant. From a behavioral surveil-
lance standpoint this is not surprising given that sev-
eral countries have independent recommendations for
each movement behavior irrespective of whether they
have adopted integrated 24-h guidelines or not, and
their surveillance systems have allowed researchers to
investigate the collective effects of physical activity, sed-
entary behavior, and sleep on outcomes such as mental
health. While monitoring guideline adherence is impor-
tant for the public health goal of promoting well-being
in the population, the threshold-based nature of these
guidelines can be limiting. Specifically, cut-point crite-
rions neglect the dose—response nature of the relation-
ships that have been observed between each movement
behavior and indicators of mental health (e.g., [17, 65,
66]) and the co-dependent nature of 24-h movement
behaviors. Nevertheless, our synthesis of the evidence
generally found that adhering to an increasing number
of the three guidelines was associated with more favora-
ble scores for several indicators of mental ill-being and
well-being across the lifespan, including some evidence
supporting a dose—response gradient [62, 67-73]. While
null effects were observed in several studies, over half
(63% for children/youth; 62% for adults) of the cross-sec-
tional associations, and both of the longitudinal associa-
tions for adults included in this review provided support
for continuing to promote an integrated 24-h approach
that targets all three behaviors. It should be noted that
weakest among the evidence supporting a link between
movement behaviors and mental health was the longi-
tudinal work conducted among children and youth. One
potential reason for these findings is that most of these
associations were derived from studies of young children
[74, 75]. Given that early childhood precedes life stages
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when mental health problems become more apparent
(e.g., adolescence) [76], there may not be enough vari-
ance within the indicators of mental health to observe
significant associations. Previous research investigating
cross-sectional associations between wake-time move-
ment compositions and mental health among preschool
children supports this notion [77]. Moving forward, stud-
ies examining guideline adherence may provide a simple
barometer of the importance of 24-h movement behav-
iors for mental health, although it should be recognized
that the use of alternative approaches such as composi-
tional data analysis may provide a more nuanced and pre-
cise understanding of these relationships.

With the prevailing shift to the 24-h movement para-
digm, there has also been an emphasis on adopting
device-based measures that can capture movement
across the whole day. Although not without limitations,
accelerometry provides an opportunity to use compo-
sitional data analysis, and therefore considers the co-
dependent nature of 24-h movement behavior data. Our
review found accelerometry was used most often to cap-
ture physical activity data (42% of studies), followed by
sedentary behavior (32% of studies), and sleep (27% of
studies). The range in usage across behaviors is interest-
ing, but likely reflects the fact that accelerometry can-
not capture recreational screen time (i.e., to assess the
sedentary component of the 24-h guidelines). Addition-
ally, protocols with hip-worn devices can be uncomfort-
able for participants to sleep with. Despite this disparity,
a total of 19 studies (26% of those included) used com-
positional data analysis techniques, including 14 stud-
ies that used compositional isotemporal substitution,
two studies that used the novel Goldilocks approach to
identify a combination of movement behaviors that opti-
mizes mental health, and one study that investigated rest-
activity rhythmicity. This represents considerable growth
since Sampasa-Kanyinga et al’s [44] systematic review
of children and youth, which identified only two stud-
ies that used compositional data analysis. The increased
application of compositional data analysis techniques
is indicative of its increase in popularity and uptake by
researchers investigating the relationships between 24-h
movement behaviors and indicators of mental health.
Findings from these analyses, however, reveal disparities
across the age groups and study designs to date. Specifi-
cally, 55% of the cross-sectional associations from studies
of children and youth observed a significant association
between the 24-h movement composition and men-
tal health compared to only 31% for adults, with simi-
lar findings across the indicators of mental ill-being and
well-being for both groups. Further, none of the nine lon-
gitudinal studies demonstrated significant associations
between the 24-h movement composition at baseline

(2024) 3:9
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and mental health at follow-up. It is worth noting that
the strength of the composition-based literature is likely
underestimated as several manuscripts have reported sig-
nificant effects for individual behaviors within the 24-h
composition (relative to others) or isotemporal substitu-
tions (reallocating sedentary behavior to sleep or MVPA,
in particular) but have overlooked reporting the full 24-h
composition model. Authors of these studies suggest
some of the null findings may be due to small sample sizes
(i.e., limited power to detect significant effects) or limited
changes in the mental health outcomes at follow up [78,
79]. Another possible explanation relates to a limitation
of using devices in that they are unable to capture con-
textual information. The setting in which physical activ-
ity takes place (e.g., occupational versus leisure time), and
the type of sedentary behavior (e.g., having coffee with
a friend versus scrolling social media) could have vastly
different impacts on mental health [20, 30]. Future stud-
ies that pair wearable devices with signal-contingent eco-
logical momentary assessments are warranted as they
stand to provide information related to other aspects of
these behaviors beyond time-based estimates of behav-
ioral engagement. Given the potential for improving our
understanding of the relationships between 24-h move-
ment behaviors and mental health, an emphasis should
be placed on leveraging data from wearable devices as
they continue to become more ubiquitous in commercial
and medical use. Although strict data protection policies
need to be in place, longitudinal data derived from these
devices could be used in various compositional models
for the purpose of improving our understanding of the
causal nature of these relationships.

As previously mentioned, given that 24-h movement
guidelines for children and youth guidelines were first
released, there was a considerably smaller evidence base
focusing on adult populations. Despite this disparity, dif-
ferences and similarities in the patterns of results across
the age groups deserve attention. First, adhering to all
three guidelines was consistently found to most often be
correlated with favorable benefits for mental health com-
pared to meeting fewer guidelines for both children and
youth (63%) as well as for adults (62%). Closer inspection
of these results revealed that meeting all three guide-
lines was more consistently associated with indicators
of mental well-being among children and youth (79% of
associations versus 54% for ill-being), whereas the oppo-
site was found for adults (71% of associations for mental
ill-being versus 43% for well-being). However, consid-
ering the heterogeneity in indicators of mental health
assessed, in addition to the difference in the size of the
samples these inferences were drawn from, these find-
ings should be interpreted with caution. Second, a con-
siderable disparity was observed within the isotemporal
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substitution analyses wherein children and youth more
consistently experience mental health benefits from
replacing sedentary behavior or recreational screen time
with either MVPA (82% for children and youth versus
47% for adults) or sleep (76% for children and youth ver-
sus 35% for adults), although it is important to note that
the patterns of results were consistent across indicators
of mental ill-being and well-being for both groups. One
potential explanation for this finding could be that seden-
tary pursuits such as social media engagement may have
a greater influence on mental health among children and
youth. Specifically, harmful online feedback from peers
may have a greater adverse impact on mental health dur-
ing childhood and adolescence as the process of identity
formation unfolds before a more fixed sense of self is rec-
ognized in adulthood [80]. Children and youth may also
be more likely to struggle with regulating their emotional
responses to such interactions given their prefrontal cor-
tex has yet to mature [81]. Overall, evidence for both of
these populations shows some coherence but it’s clear
that more longitudinal research is needed to improve our
understanding of the nature these relationships so that
we can identify specific life stages when certain move-
ment behaviors may confer the greatest benefits for men-
tal health.

As emerging research continues to advance knowledge
regarding the impacts of 24-h movement behaviors on
mental health, it is clear that there are several different
analytic approaches that each provides unique insight into
this relationship. Studies examining guideline adherence
will likely remain the foundation of this body of evidence
as population-level behavioral surveillance systems con-
tinue to monitor the prevalence of 24-h guideline adher-
ence using self- and proxy-reported surveys or a mix
of self-reports and device-measured behavior. Beyond
guideline adherence, the field is strongly encouraged
to continue adopting compositional data analysis tech-
niques given their appropriateness for analyzing time-use
data within a fixed window (i.e., 24 h). The evidence base
linking movement compositions to indicators of mental
health will inevitably continue to develop in the coming
years, yet findings from isotemporal studies make it clear
that reallocating time from sedentary behaviors to sleep
or physical activity should be prioritized in the meantime.
New compositional techniques will continue to provide
important insights into these relationships. For example,
application of the Goldilocks method [82] has provided
seminal knowledge regarding the optimal daily movement
composition for indicators of mental health, whereas
other emerging techniques such as the “Many roads lead
to Rome” [83] approach have yet to be applied to men-
tal health data yet but will yield important information
regarding different iterations of movement compositions
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that can provide equivalently optimal benefits when even-
tually implemented. Similar to the Goldilocks method,
rest-activity rhythmicity has received limited applica-
tion to date but represents an excellent opportunity to
understand how within- and between-day variability in
sleep and movement may influence mental health. Finally,
latent profile and cluster-based techniques should be con-
sidered for the purpose of identifying unique groups in
the population that may stand to benefit most from tar-
geted and tailored interventions [84]. Existing evidence
has made it clear that a small fraction of the population
engages in the least healthy combination of movement
behaviors and membership in this group corresponds
with the poorest scores on measures of mental health
[53, 57, 85], which underscores the importance of allocat-
ing more public health resources to these individuals. In
sum, this review has highlighted that there is currently a
plethora of analytical tools at the disposal of researchers
attempting to improve our current understanding of the
relationship between 24-h movement behaviors and men-
tal health, but novel techniques are emerging rapidly and
should receive full consideration for the purpose of con-
tinuing to advance knowledge in this field.

With the 24-h movement paradigm receiving increas-
ing interest as an integrative approach to promote men-
tal well-being and prevent or manage mental ill-being,
new evidence is needed to gain further insights into the
interplay between the mechanisms underlying these
relationships. The mechanisms that link physical activ-
ity, sedentary behaviors, and sleep with mental health
are understandably complex and multifaceted, reflecting
interactions across biological, psychosocial, and behavio-
ral domains. Independent bodies of literature have pro-
vided a foundation of knowledge related to mechanisms
by which each movement behavior influences indica-
tors of mental health thus far. Sedentary behaviors, for
example, have been associated with unfavorable effects
on indicators of mental health via increased exposure to
stressors such as negative social comparisons or cyber-
bullying [86—88], although it is important to recognize
that these mechanistic pathways may be specific to rec-
reational screen time and social media use as opposed
to simply engaging in low energy expenditure behav-
iors. Excess sedentary behavior has also been linked to
a higher likelihood of experiencing sleep disorders and
disruptions [89], and the displacement of time that could
be spent on physically or socially engaging activities that
confer mental health benefits [90, 91]. Our isotemporal
substitution findings align with this mechanistic under-
standing in that replacing sedentary behaviors with phys-
ical activity or sleep was found to have beneficial effects
for several indicators of mental health. The mechanisms
by which physical activity impacts mental health have
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received considerable attention to date. Specifically, bio-
logical (e.g., changes in the structural and functional
composition of the brain, reduced inflammation and oxi-
dative stress), psychosocial (e.g., social interactions, self-
perceptions, interactions with the natural environment),
and behavioral factors (e.g., improved sleep quantity and
quality, development of self-regulatory and coping skills)
have been identified as key intermediary mechanisms
[92, 93]. Finally, adequate sleep has been to linked men-
tal health—emotional regulation, depression, anxiety,
and stress-related disorders in particular—via reducing
cellular inflammation, stimulating or attenuating brain
neurotransmitter activity (e.g., via the adenosinergic
receptor system), and optimizing hypothalamic—pitui-
tary—adrenal axis functioning, which plays a role in stress
reactivity [94—98]. While these examples of mechanistic
pathways are not exhaustive by any means, the overarch-
ing focus on how time-based estimates of movement
behaviors relate to indicators of mental health obfuscates
the impact of other relevant aspects of these behaviors
such as quality-based (e.g., sleep quality, quality physi-
cal activity participation experiences [99, 100] and con-
textual factors (e.g., physical activity setting, sedentary
behavior domains [20, 30]. Capturing data about these
other important aspects of movement behaviors will help
to elucidate the mechanisms underlying relationships
with indicators of mental health. Doing so is critical for
informing the development of tailored interventions that
promote the optimal aspects of 24-h movement behav-
iors collectively to address the mental health issues facing
society today.

Despite addressing an existing knowledge gap, this
review is not without limitations. First, most studies
have used cross-sectional designs which limits our abil-
ity to make causal inferences. While the recency of exist-
ing 24-h movement guidelines has certainly contributed
to the lack of longitudinal work, researchers are encour-
aged to inspect older data sources as they may have
included measures needed to investigate how combina-
tions of movement behaviors influence mental health
over time. Second, only studies published in English were
included in the present review. We recognize that stud-
ies published in languages other than English may exist,
but what was included in our search likely represents the
greater majority of the literature published to date. Third,
across the studies there was considerable variety in not
only the tools employed to assess each movement behav-
ior, but also in the measures of mental health outcomes.
Although studies included measures that have shown
strong psychometric properties, heterogeneity in the
assessment tools used complicates any comprehensive
synthesis of the literature.
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In sum, this review was the first study to synthesize
the evidence examining how physical activity, sleep and
sedentary behaviors collectively relate to indicators of
mental ill-being and well-being across the lifespan. Taken
together, and with the emergence of several advanced
analytical approaches, findings reinforce the notion that
time spent engaging in physical activity and sleep need
to be prioritized for promoting mental health and well-
being, especially when replacing sedentary pursuits
such as recreational screen time. This is an emerging lit-
erature—for adults in particular—and more longitudinal
work is required to make stronger inferences. Neverthe-
less, moving forward public health messaging should
continue to shift away from a siloed approach focused on
individual behaviors to instead emphasize that the whole
day counts when it comes to the importance of move-
ment for mental health and well-being.
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