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Abstract

Background: New research suggests that the composition (mix) of movement behaviors within a 24-h period may have important implications for
health across the lifespan. Consistent with this integrated movement behavior paradigm, a number of countries across the world have developed and
released 24-h movement guidelines for specific age groups. The purpose of this systematic review was to examine the associations between the
24-h time-use composition of movement behaviors, or adherence to 24-h movement guidelines, and multiple health indicators across the lifespan.
Methods: Five online databases (PsycINFO, PubMed, SPORTDiscus, Web of Science, and Ovid MEDLINE) were searched for relevant peer-reviewed
studies published between January 2015 and January 2020 that met the a priori inclusion criteria, with no study design limits. The methodological quality
of research evidence for each individual study and for each health indicator was assessed by using a modified version of the Downs and Black checklist.
Results: A total of 51 studies from 20 different countries met the inclusion criteria. A total of 31 studies examined adherence (meeting vs. not meeting) to
24-h movement guidelines, and 20 studies used compositional analyses to explore the 24-h time-use composition of movement behaviors. Findings indi-
cated that meeting the 24-h movement guidelines were (1) not associated with adiposity among toddlers, (2) favorably associated with health-related
quality of life, social-cognitive development, and behavioral and emotional problems among preschoolers, (3) favorably associated with global cogni-
tion, health-related quality of life, and healthy dietary patterns in children, and (4) favorably associated with adiposity, fitness, and cardiometabolic, men-
tal, social, and emotional health among children and youth. Significant associations were also found between the composition of 24-h movement
behaviors and indicators of (1) adiposity and bone and skeletal health among preschoolers, (2) health-related quality of life among children, (3) adiposity,
fitness, and cardiometabolic, social, and emotional health among children and youth, (4) cardiometabolic health in adults, (5) adiposity and fitness among
adults and older adults, and (6) mental health and risk of mortality among older adults. The quality of the available evidence ranged from poor to good.
Conclusion: The current evidence indicates that the composition of movement behaviors within a 24-h period may have important implications for
health at all ages and that meeting the current 24-h movement guidelines is associated with a number of desirable health indicators in children and
youth. Future studies should employ longitudinal and experimental designs, include valid and reliable measures of 24-h movement behaviors, and
examine a wide array of health indicators across all age groups. Such studies would confirm the results from the primarily cross-sectional evidence
drawn from studies included in our review and further advance our understanding of the relationships between 24-h movement behaviors and health.
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1. Introduction PA, low SB, and sufficient sleep among children' ° and

adults.”” Until recently, the health implications of time spent
in each of these movement behaviors have traditionally been
examined in isolation or with only partial adjustment for time
spent in other movement behaviors. '’
Consequently, researchers have begun to investigate the
combined effects of 24-h movement behaviors on health. It
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From a movement perspective, the 24-h period is distrib-
uted among sleep, sedentary behavior (SB), and physical activ-
ity (PA) on a continuum from no movement to high
movement. Over the past decade, an increasing number of
studies have highlighted the separate health benefits of high
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(0—4 years old; e.g., motor development, fitness) and for children
(5—11 years old) and youth (12—17 years old; e.g., adiposity, car-
diometabolic health).'""'* More recently, studies have also exam-
ined the associations between health indicators and the
reallocation of a fixed duration of one movement behavior for
another, using isotemporal substitution methodologies.'” A sys-
tematic review of studies that employed isotemporal substitution
models in PA, SB, and sleep research was conducted in 2018,
synthesizing 56 studies."* The main conclusion of that review
was that time reallocation between sleep, SB, light PA (LPA),
and moderate-to-vigorous PA (MVPA) was associated with a
number of health outcomes. In particular, reallocations of time
spent in SB to LPA or MVPA were associated with significant
reductions in mortality risk as well as indicators of adiposity,
including body mass index (BMI), body fat percentage, and waist
circumference in all age groups. Beneficial associations between
the reallocation of time from SB to LPA or MVPA and cardiome-
tabolic biomarkers were also reported among adults.'* Traditional
isotemporal substitution models allow for a more comprehensive
perspective on how movement behaviors relate to health, but one
limitation of this method is its inability to provide an overall
assessment of the association between the 24-h movement profile
and health indicators due to multicollinearity issues that arise
when all movement behaviors within a finite period are included
in the same model."” Traditional isotemporal substitution is based
on regression modeling that assumes independence among varia-
bles and is unable to adjust correctly for all behaviors on the
movement continuum.'**'® These methodological challenges pre-
vent a complete understanding of the collective impact of these
movement behaviors on health and well-being.

A technique new to the health field for analyzing 24-h move-
ment behavior data—compositional data analysis—has recently
been introduced.'® This approach addresses the challenges asso-
ciated with examining the health implications of 24-h movement
behaviors. The total time spent in various movement behaviors
during a 24-h period is finite, intrinsically collinear, and codepen-
dent, and together they constitute a composite whole.'® Composi-
tional analyses deal specifically with codependent data by
conceptualizing movement behavior data as compositions that
exist in a constrained space (i.e., simplex) governed by a specific
geometry (Aitchison geometry).'” Compositional analyses can be
used to examine both the combined and relative associations of
24-h movement behaviors with health indicators. Importantly,
the compositional isotemporal substitution technique is not lim-
ited to creating estimates only for the substitution of a single
behavior (e.g., SB) with another behavior (e.g., MVPA) but,
rather, the behavior of interest could be substituted by several
behaviors (e.g., MVPA and sleep).'® New research that has
applied an integrated approach suggests that the composition
(mix) of movement behaviors within a 24-h period may have
important implications for health at all ages.'®'**" An increasing
number of studies using compositional analyses have recently
been conducted and published, investigating outcomes, such as
adiposity, cardiometabolic biomarkers, fitness, bone health, mor-
tality, social and emotional health, and health-related quality of
life. Collectively, current evidence suggests the whole 24-h time
use is associated with health indicators in children and adults.
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Consistent with this integrated vs. segregated movement-
behavior paradigm, the Canadian 24-Hour Movement Guide-
lines for Children and Youth (aged 5—17 years old)*' (Supple-
mentary Table 1) and the Early Years (aged 0—4 years old)”
(Supplementary Table 1) were developed and released in 2016
and 2017, respectively. Canada was the first country to establish
these guidelines; however, a number of other countries, includ-
ing Australia,”® New Zealand,”* South Africa,” and the World
Health Organization” have recently developed similar guide-
lines. The world’s first 24-h movement guidelines for adults and
older adults will be released by Canada in October of 2020.

In setting these recommendations, the 24-h movement guide-
lines establish measurable targets for surveillance and provide
guidance to health professionals, researchers, decision makers,
and the general public. Understanding the mix of PA, SB, and
sleep on public health and well-being is in its infancy and requires
further investigation using this new paradigm. Recently, a number
of studies have examined whether adhering to each of the recom-
mendations in the guidelines is associated with desirable health
outcomes in children and youth.”” >’ Now that 24-h movement
guidelines have been released and are under development in other
countries, it is important to gain a more thorough understanding
of the proportion of individuals who simultaneously achieve all
of the movement-behavior recommendations and the associations
between meeting the guideline recommendations, or portions
thereof, and health indicators. This information could be used to
inform the development of programs and policies to promote
healthy movement behaviors and be used to compare movement
behavior practices between jurisdictions. To our knowledge, no
previous review has comprehensively examined the literature on
the association between 24-h time-use composition of movement
behaviors or adherence to 24-h movement guidelines and multi-
ple health indicators across the lifespan.

Given the rapid adoption of the 24-h movement paradigm
and in order to summarize the current evidence in this growing
field and provide directions for future research, a comprehensive
review of the 24-h composition of movement behaviors and
compliance with 24-h movement guidelines, as well as their
relationship with health outcomes, is warranted. Therefore, the
purpose of this systematic review was to synthesize and critique
the current evidence on 24-h movement guideline adherence,
correlates, and associations with health indicators across the
lifespan, as well as the relationships between the composition of
24-h movement behaviors and health indicators. Further objec-
tives were to appraise the methodological quality of the studies
and suggest future research directions in this area.

2. Methods
2.1. Protocol and registration

This review was registered with the International Prospec-
tive Register of Systematic Reviews (PROSPERO) (Registra-
tion no. CRD42020165779; available from www.crd.york.ac.
uk/PROSPERO/) and conducted and reported in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.*”
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2.2. Information sources and search strategy

A systematic search of the following electronic databases was
performed in January 2020: PsycINFO, PubMed, SPORTDiscus,
Web of Science, and Ovid MEDLINE. Date limits of January
2015 and later were included in the search because the seminal
paper using compositional analyses for examining 24-h move-
ment behaviors was published in 2015,'® and the first 24-h move-
ment guidelines were released only in 2016;>' hence, no eligible
studies would have been conducted prior to 2015. The search
strategy was agreed upon by SR, OA, and MST and involved
entering the following search terms into the above-mentioned
databases: ((24-hour OR integrated OR daily) AND (movement
behaviours OR movement guidelines OR physical behaviours
OR activity behaviours) OR ((physical activity AND sedentary
OR screen time AND sleep). The search strategy was constructed
for PubMed, and the search terms were then adapted for other
research databases in combination with database-specific filters.
Because this was the first systematic review to focus exclusively
on the 24-h composition of movement behaviors and adherence
to 24-h movement guidelines, the search was not limited to spe-
cific populations. For the purpose of this specific review, studies
that involved populations of any age (e.g., infants, preschoolers,
children, youth, adults, older adults) were included. No study
design limits were included; however, searches were limited to
publications in English.

After identification of studies through database searching,
duplicate records were removed. Two independent reviewers
screened titles and abstracts of all records retrieved, and full-text
articles were obtained for potentially relevant records. Two inde-
pendent reviewers then examined all full-text articles to deter-
mine eligibility. Agreement between reviewers was required for
article inclusion. Discrepancies were resolved by discussion
between reviewers or with a third reviewer, if necessary. In addi-
tion to the search of databases, the review team’s personal data-
bases and the reference lists of included articles were also
checked for potentially relevant studies missed by the search.

2.3. Inclusion criteria

To be included in the current review, studies were required to
meet the following criteria: (1) the study was published in an
English-language, refereed journal with full-text availability; (2)
the study contained original research (i.e., reviews were not con-
sidered); (3) the study included one or more assessment of each
24-h movement behavior, that is, PA, SB (or screen time), and
sleep; and (4) the study examined adherence (meeting vs. not
meeting) to 24-h movement guidelines—PA, screen time, and
sleep—or used compositional analyses to explore the 24-h time-
use composition of movement behaviors—PA, SB (or screen
time), and sleep. Primary outcomes of interest were the associa-
tions between compliance with the overall 24-h movement-guide-
line recommendations or the composition of 24-h movement
behaviors and health indicators or outcomes.

2.4. Data extraction and synthesis

All included articles were summarized in table format using
Microsoft Excel (Microsoft 2010, Version 14.7.7; Redmond,
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WA, USA), and descriptive study characteristics (author, pub-
lication year, country, study design, population, sample size,
and type of sample), exposure/comparator, outcome measures,
and results information were extracted. Study findings were
considered statistically significant at p < 0.05. Data extraction
was conducted by one reviewer and checked for accuracy by a
second reviewer. Reviewers were not blinded to the authors or
journals when extracting data.

Meta-analyses were planned for data that were sufficiently
homogeneous in terms of statistical, clinical, and methodologi-
cal characteristics. However, because of high levels of hetero-
geneity for the above characteristics across studies, it was
determined that meta-analyses were not possible. As a result, a
narrative synthesis structured around the exposure type—(1)
24-h movement guideline adherence and (2) 24-h movement
behavior composition—and specific health indicators was con-
ducted. Results were also synthesized separately for different
age groups (e.g., preschoolers, children, youth, and adults) and
presence of health condition(s). For purposes of this review, the
following age ranges were used to categorize study populations:
infants (aged < 1 year), toddlers (aged 1—2 years), preschoolers
(aged 3—4 years), children (aged 5—11 years), youth (aged
12—17 years), adults (aged 18—64 years), and older adults (aged
>65 years). When possible, subgroup analyses were conducted
within each indicator to examine potential differences in results
according to sex (males vs. females).

2.5. Methodological quality appraisal

The methodological quality of individual studies was
assessed using a modified version of the Downs and Black
checklist.”' The Downs and Black instrument consists of 27
items that assess study quality, including strength of reporting,
external validity, internal validity (bias), internal validity (con-
founding), and power. A modified version of the checklist was
employed in our study, and 10 items that were not relevant to
observational studies were removed (Items 8, 13—15, 17, 19,
and 21—24) from the original checklist. The adapted checklist
consisted of 19 items, including 12 items from the original list
(Items 1-3, 6,7, 10—12, 16, 18, 20, and 25); 5 items that were
modified (Items 4, 5, 9, 26, and 27); and 2 items created for
purposes of this review. Reporting Items 4, 5, and 9, and inter-
nal validity (confounding) Item 26, from the original list, were
reworded to align with nonintervention (i.e., cross-sectional
and prospective) studies being examined in this review. Item
27, concerning power, from the original list was modified to
address the number of participants needed to detect a signifi-
cant association between an exposure and outcome variable.
Of the 2 items created, one was an internal validity criterion
and one was concerned with study power. We believe that
changes made to the original checklist had merit and that mod-
ifications held value in assessing the methodological quality of
studies included in this review. Each quality criterion was
assigned a positive (+), negative (—), or unknown/insuffi-
ciently described (?) rating. A positive sign (+) was given if
the article provided a sufficient description of the item, per the
predefined criteria, and met the quality criteria for the item. A
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negative sign (—) was assigned if the publication did not pro-
vide an adequate description or did not address and/or perform
the quality criteria for the item. Finally, if an insufficient or
unclear description of the item was provided, a question mark
(?) was assigned. The maximum possible score that could be
achieved with the modified checklist was 19 points (all posi-
tive signs), with a higher score indicating higher quality. The
methodological quality of included studies was independently
scored by SR and verified by OA. If disagreements between
assessors occurred, consensus was achieved through discus-
sion with a third senior investigator (MST). In the present
review, overall methodological quality scores for each individ-
ual study and the percentage of studies meeting each quality
criterion were calculated. Additionally, Downs and Black
score ranges were given corresponding quality levels: excel-
lent (18—19), good (14—17), fair (10—13), or poor (< 9).
These levels were determined using similar score percentile
ranges as previously reported.”””” Sensitivity analyses were
also performed to compare the results of studies examining
adherence to the 24-h movement guidelines vs. those employ-
ing compositional analyses and studies that reported signifi-
cant vs. null associations. Together, methodological quality
results were used to assess the overall quality level of the evi-
dence on 24-h movement guideline adherence and the compo-
sition of 24-h movement behaviors.

3. Results
3.1. Description of studies

A total of 4979 records were identified through database
searches (Fig. 1). After removing duplicates, 4042 records
remained. After titles and abstracts were screened, 96 articles
were obtained for full-text review. Of those, 50 studies met the
inclusion criteria. By searching through personal databases
and the reference lists of all the included articles, we identified
1 additional study relevant for this review. Therefore, a total
of 51 studies published between the years 2015 and 2020 met
the eligibility criteria and were included in this review
(Flg 1).I6,I872(),27729,34777

Of the 51 studies included in this review, 31 studies”” "'
examined adherence (meeting vs. not meeting) to 24-h movement
guidelines, and 20 studies'®'® 2%**~7" used compositional analy-
ses to explore the 24-h time-use composition of movement
behaviors. Studies were conducted in 20 different countries but
were most commonly conducted in Canada
(n — 12)’l9,2(),27729,35,43,49,55,57,62,75 the Unlted States
(n=10), 040414480172 Ayiratia (n=6), 354259636571 and the
United Kingdom (n=4),"*°**"-"* with 3 or fewer studies con-
ducted in each other country,**-%-37-3%-3073%66=70.73.T476.77 A tota]
of 5 studies were multinational in nature and were conducted with
participants from 4 or more different countries.'*%>%%* A total
of 46 studies employed a cross-sectional design, and 2”"7* were
prospective in nature. A total of 3 studies employed longitudinal,
prospective  designs,  with  additional  cross-sectional
analyses.”*”""” Timelines for prospective studies ranged from 4
months’' to 5 years.”” In terms of age groups, 1 study™ was con-
ducted with infants, 2 studies’”” with toddlers, 11
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Studies identified through database searching (n = 4979)
PsycINFO (n = 1745), PubMed (n = 1168), SPORTDiscus (n = 1867),
Web of Science (n = 89), Ovid MEDLINE (n=110)

Duplicate publications
(n=937)

Initial screening of unique titles
and abstracts (n=4042)

Citations excluded based on
review of titles and abstracts
(n=3946)
Full-text articles assessed

for eligibility (independently
reviewed in duplicate)

(n=96)
Studies identified Full-text articles excluded for not
through other sources meeting inclusion criteria
(n=1) (n=46)

Studies included in
qualitative synthesis
(n=51)

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flow diagram for the identification, screening, eligibility, and inclu-
sion of studies.

. 35,3739 53 :
studigs® 43937 39:46.51.33.62.77 with preschoolers, 14

St_udiesl8,3(),40,48,52,5(),58,()(),6l,()4 66,75,76 Wlth children, 4
studies™*7*** with youth, 8 studies'**7**#!-3445357 with both
children and youth, 5 studies'™’ " with adults, 4
studies®’""*"* with older adults, and 2 studies’”’* with both
adults and older adults. The sample sizes of the included studies
ranged from 937 t0 59,397* participants.

With regard to the measurement of 24-h movement behav-
iors, PA was measured objectively by using accelerometers in
36 studies and pedometers in 1 study; it was self-reported in 11
studies and parent-reported in 3 studies. Sedentary behavior
and/or screen time were measured objectively by using acceler-
ometers in 18 studies, were self-reported in 17 studies, and were
parent-reported in 15 studies. One study included both self-
reported and parent-reported SB measures because of the age of
the participants. Sleep was measured objectively in 16 studies,
self-reported in 18 studies, and parent-reported in 13 studies.
Only 2 studies included both objective and self-reported meas-
ures of sleep; similarly, 2 studies included both self-reported
and parent-reported measures because of the age of the partici-
pants. Study characteristics and results of the 51 individual stud-
ies are presented in Supplementary Tables 2 and 3.

3.2. Quality of evidence

3.2.1. Guideline-adherence studies

The modified Downs and Black checklist’' for assessment
of the methodological quality of included studies examining
adherence to 24-h movement guidelines, including the percent-
age of studies meeting each item, is presented in Table 1. The
overall quality scores for each study are presented in Table 2.
When the studies were evaluated, the methodological quality
score of the publications ranged from 42% to 84%. The aver-
age quality score for included studies was 70%. Of the 31
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studies, 3 studies’”**>*>* had a score of less than 50%. A total of
12 studies™##4:40:48:49.31.56.57.39.60.61 ha § scores between 60%
and 69%, 13 studies?’ 2934 36:38:3947.50.52.53.58 'had scores
between 70% and 79%, and 3 studies™**>° had scores
between 80% and 89%. The average score of the included
studies for the quality subscales of reporting, external validity,
internal validity—bias, internal validity—confounding, and
power were 88%, 32%, 79%, 74%, and 3%, respectively. Also
highlighted through the assessment was the percentage of stud-
ies meeting each item on the checklist (Table 1). The majority
of studies satisfied the reporting criteria (Items 1—9), with >
80% of the studies meeting each of Items 1—8. However, only
39% of the studies reported actual probability values for the
main outcomes except where the probability value was less
than 0.001 (Item 9). In terms of the external validity criteria,
Items 10 and 11 addressed the representativeness of the find-
ings of the study and whether they could be generalized to the
population from which the study subjects were derived. Only
39% and 26% of the studies met these items, respectively. The
proportion of studies meeting the quality items with respect to
internal validity (Items 12—17) varied considerably per item,
with only 26% of the studies measuring the exposure variables
at a time prior to the assessment of outcomes (Item 13). Fur-
thermore, only 58% of the studies scored positively on Item 17
and took losses of participants to follow-up and/or with miss-
ing data into account. For the power criteria (Items 18 and 19),
97% of the studies did not report a formal power calculation

Table 1
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for determining the association between exposure(s) and out-
come(s) variables (Item 18). Because of this, it was unknown
whether the sample size used for analysis was sufficiently
powered for these studies (Item 19).

3.2.2. Compositional analyses studies

The modified Downs and Black checklist’' for the methodo-
logical quality assessment of included studies examining the
composition of 24-h movement behaviors, including the percent-
age of studies meeting each item, is presented in Table 3. The
overall quality scores of each study are presented in Table 4. The
methodological quality scores of these studies ranged from 58%
to 84%. The average quality score for included studies was 74%.
Of the 20 publications, 1 study’* had a score between 50% and
59%, 4 studies® "’® had scores between 60% and 69%, 11
studies' ¢! 20:62:64=677L77 naq scores between 70% and 79%,
and 4 studies®’*"*" had scores between 80% and 89%. The
average score of the included studies for the quality subscales of
reporting, external validity, internal validity—bias, internal valid-
ity—confounding, and power were 96%, 35%, 78%, 68%, and
13%, respectively. Also highlighted through the assessment was
the percentage of studies meeting each item on the checklist
(Table 3). The majority of studies satisfied the reporting criteria
(Items 1-9), with > 85% of the studies meeting each of the
items. In terms of the external validity criteria (Items 10—11),
only 45% and 25% of the studies met these items, respectively.
The proportion of studies meeting the quality items with respect

Checklist for assessment of the methodological quality of included studies examining adherence to 24-h movement guidelines.

Criteria checklist

Studies meeting the item (%)

Reporting

1. Is the hypothesis/aim/objective of the study clearly described? 94

2. Are the main outcomes to be measured clearly described in the Introduction or Methods section? 100

3. Are the characteristics of the participants included in the study clearly described? 97

4. Is the study design clearly described (i.e., cross-sectional vs. prospective; if prospective, time of assessments)? 97

5. When appropriate, were principal covariates clearly described? 90

6. Are the main findings of the study clearly described? 100

7. Does the study provide estimates of the random variability in the data for the main outcomes? 94

8. Have the characteristics of participants lost to follow-up and/or with missing data been described? 84

9. Have actual probability values been reported (e.g., 0.035 rather than <0.05) for the main outcomes except where the 39
probability value is <0.001?

External validity

10. Were the subjects asked to participate in the study representative of the entire population from which they were 39
recruited?

11. Were those subjects who were prepared to participate representative of the entire population from which they were 26
recruited?

Internal validity—bias

12. If any of the results of the study were based on “data dredging”, was this made clear? 100

13. Were the exposure(s) of interest measured prior to the outcome(s) being measured? 26

14. Were the statistical tests used to assess the main outcomes appropriate? 100

15. Were the main exposure and outcome measures used accurate (valid and reliable)? 90

Internal validity—confounding (selection bias)

16. When appropriate, was there adequate adjustment for confounding (i.e., covariates) in the analyses from which the 90
main findings were drawn?

17. Were losses of participants to follow-up and/or with missing data taken into account? 58

Power

18. Did the study report a formal power calculation for determining the association between exposure(s) and outcome(s) 3
variables?

19. Was the sample size used for analyses reflective of the power calculation? 3
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Table 2

Overall scores of the methodological quality assessment for the included studies examining adherence to 24-h movement guidelines.

Author/Criteria (1—19) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 Sum/%
Berglind et al. (2018)** o+ o+ o+ o+ o+ o+ 29 ? + o+ o+ o+ o+ o+ - 9 14/74
Carson et al. (2017)*’ + o+ + 4+ + + 4+ o+ -+ o+ o+ -+ o+ o+ 9 - 2 14/74
Carson et al. (2019)>° + + o+ o+ o+ 4+ o+ o+ o+ 9 -+ — + + + + — ? 14/74
Chaput et al. (2017)*° + 0+ o+ o+ o+ o+ o+ o+ o+ o+ 4+ -+ o+ o+ 9 - 9 15/79
Chen et al. (2019)*° + 4+ 4+ o+ o+ o+ o+ o+ = = + + + + + + - 9 14/74
Chia et al. (2020)*7 + o+ 4+ o+ 2 4+ o+ 27— 9 ? + -+ o+ 2 ? - 2 9/47
Cliff et al. (2017)*® + 0+ o+ o+ o+ o+ o+ o+ o+ + -+ o+ o+ o+ - 2 15/79
De Craemer et al. (2018)*’ T L 2 S e S S S - 9 14/74
Guerrero et al. (2019)*° + + o+ o+ o+ 4+ o+ o+ o+ o+ + + -+ + + + — ? 16/84
Healy et al. (2019)*' o+ 4+ o+ o+ o+ -+ ? + o+ + ? + ? - 2 12/63
Hesketh et al. (2017)** + + o+ o+ o+ 4+ o+ 2+ 9 -+ - 4+ + + ? — ? 12/63
Janssen et al. (2017)* + o+ o+ o+ + + o+ o+ -+ o+ o+ 4+ o+ o+ o+ o+ =2 16/84
Janssen et al. (2017)*° + + + + + + 4+ + -  + + + + + + ? — ? 14/74
Katzmarzyk & Staiano (2017)** oo+ o+ o+ o+ + -+ o+ o+ 9 - 2 12/63
Knell et al. (2019)* 2 0+ 0?2 4+ 4+ o+ o+ 2 = 2 ? + -+ 2 + 2 - 2 8/42
Kracht et al. (2019)* o+ 4+ o+ o+ -+ = =+ -+ + o+ + - 2 13/68
Laurson et al. (2015)*7 + o+ o+ o+ o+ o+ o+ o+ + + + B + o+ + - 2 15/79
Laurson et al. (2014)** o+ 4+ o+ o+ o+ o+ - - - -+ o+ - 2 12/63
Lee etal. (2017)* + O+ 4+ o+ o+ o+ o+ o+ - + S + o+ + - 2 13/68
Lee et al. (2018)™° + o+ o+ o+ o+ o+ o+ o+ -+ + + -+ + o+ + - 9 15/79
Leppiénen et al. (2019)°! + 4+ 4+ o+ o+ o+ o+ o+ o+ = =+ -+ + + ? - 9 13/68
Manyanga et al. (2019)°> o+ 4+ o+ o+ o+ o+ o+ = = -+ o+ o+ ¥ - 9 14/74
Meredith-Jones et al. (2019)°° + 4+ 4+ o+ o+ o+ o+ o+ o+ = =+ + + + + + - 9 15/79
Pearson et al. (2019)™ ? + + ? ? + o+ + -+ ? + ? + ? ? + - ? 9/47
Roberts et al. (2017)°° + 0+ o+ o+ + o+ o+ o+ -+ o+ o+ o+ o+ o+ - 9 16/84
Roman-Vifias et al. (2016)°° + o+ o+ o+ o+ o+ o+ o+ = - + -+ + o+ + - 2 13/68
Ronen & Janssen (2019)°7 O+ o+ o+ 2+ o+ o+ =+ + 0+ o+ o+ 2 + - 7 13/68
Sampasa-Kanyinga et al. 2017)*  + + + + + + + + — — — 4 -+ + + + + o+ 15/79
Santos et al. (2017)*’ + O+ + o+ o+ o+ o+ o+ = = = - + o+ o+ 9 - 9 12/63
Thivel et al. (2019)*° e ? + -+ o+ o+ 9 ? ? 12/63
Walsh et al. (2018)°' + 4+ 4+ + + + o+ o+ o+ = = F -+ o+ o+ 7 - 2 13/68

«_

Note: Rating of criteria: “+” = yes, =no, “?” =unable to determine.

to internal validity (Items 12—17) was high; however, only 10%
of the studies measured the exposure variables at a time prior to
the assessment of outcomes (Item 13). Furthermore, only 35% of
the studies took losses of participants to follow-up and/or with
missing data into account when presenting the findings (Item 17).
For the power criteria (Items 18 and 19), 85% of the studies did
not report a formal power calculation for determining the associa-
tion between exposure(s) and outcome(s) variables (Item 18).
Because of this, it was unknown whether the sample size used for
analysis was sufficiently powered for these studies (Item 19).

3.3. Associations between the composition of movement
behaviors and health indicators

3.3.1. Adiposity

The relationships between the composition of 24-h move-
ment behaviors and adiposity indicators were examined in 13
studies' ! 20:02:03.63.00.6973.75-77 (Typle 5). The quality of evi-
dence ranged from fair to good across the studies. A total of 2
studies®®’”” conducted with preschoolers reported cross-sec-
tional associations between the composition of 24-h movement
behaviors and BMI z-scores; however, no association was found
with waist circumference.®® Furthermore, it was found that a
10% increase in sleep time was associated with a lower BMI

z-score, whereas a 10% increase in time spent in SB or LPA
was associated with a higher BMI z-score. The relationships
between the composition of 24-h movement behaviors and
adiposity indicators in children were examined in 5
studies.' 02977 Of these, 3 studies'***°® reported unfavor-
able differences in indicators of adiposity (e.g., body fat per-
centage) when time was reallocated from MVPA to any other
behavior, and 1 study’” found that the composition of 24-h
movement behaviors was associated with BMI, waist circumfer-
ence, and fat mass index. Relative to other movement behaviors,
time spent in MVPA was negatively associated with obesity
measures and time spent in LPA was positively associated with
obesity measures, but time spent in SB and sleep were not asso-
ciated with obesity measures. Last, 1 study’® found that compo-
sitional time use explained between 9% and 35% of the
increased risk of obesity in children, depending on ethnicity.
The relationships between the composition of 24-h movement
behaviors and adiposity indicators in a sample including both
children and youth were examined in 1 study.'” It was reported
that the composition of movement behaviors was significantly
associated with BMI z-scores and waist circumference. Relative
to other movement behaviors, time spent in SB or LPA was
adversely associated, and time spent in MVPA or sleep was
favorably associated, with adiposity indicators. A total of 2



24-hour movement behaviors and health

Table 3
Checklist for assessment of the methodological quality of included studies examining composition of 24-h movement behaviors.
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Criteria checklist

Studies meeting the item (%)

Reporting

1. Is the hypothesis/aim/objective of the study clearly described? 100

2. Are the main outcomes to be measured clearly described in the Introduction or Methods section? 100

3. Are the characteristics of the participants included in the study clearly described? 100

4. Is the study design clearly described (i.e., cross-sectional vs. prospective; if prospective, time of assessments)? 100

5. When appropriate, were principal covariates clearly described? 100

6. Are the main findings of the study clearly described? 100

7. Does the study provide estimates of the random variability in the data for the main outcomes? 90

8. Have the characteristics of participants lost to follow-up and/or with missing data been described? 90

9. Have actual probability values been reported (e.g., 0.035 rather than <0.05) for the main outcomes except where the probability ~ 85
value is <0.001?

External validity

10. Were the subjects asked to participate in the study representative of the entire population from which they were recruited? 45

11. Were those subjects who were prepared to participate representative of the entire population from which they were recruited? 25

Internal validity—bias

12. If any of the results of the study were based on “data dredging”, was this made clear? 100

13. Were the exposure(s) of interest measured prior to the outcome(s) being measured? 10

14. Were the statistical tests used to assess the main outcomes appropriate? 100

15. Were the main exposure and outcome measures used accurate (valid and reliable)? 100

Internal validity—confounding (selection bias)

16. When appropriate, was there adequate adjustment for confounding (i.e., covariates) in the analyses from which the main 100
findings were drawn?

17. Were losses of participants to follow-up and/or with missing data taken into account? 35

Power

18. Did the study report a formal power calculation for determining the association between exposure(s) and outcome(s) variables? 15

19. Was the sample size used for analyses reflective of the power calculation? 10

Table 4

Overall scores of the methodological quality assessment for the included studies examining composition of 24-h movement behaviors.

Author/Criteria (1—19) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 Sum/%
Carson et al. (2016)"” + 0+ + o+ o+ o+ o+ o+ o+ ? + -+ + + ? - 9 14/74
Carson et al. (2017)%* + + + + + + + + + + ? + - + + + ? - ? 14/74
Chastin et al. (2015)'° + o+ + o+ o+ o+ o+ o+ o+ o+ + + - + + + ? - ? 15/79
Dumuid et al. (2018)* + + + o+ o+ 4+ 4+ o+ o+ = -+ - + + + + + + 16/84
Dumuid et al. (2018)** + 4+ o+ o+ o+ o+ o+ o+ o+ = - + — + + + + — ? 14/74
Dumuid et al. (2018)'* T e -+ o+ o+ o+ 9 14/74
Dumuid et al. (2019)% + 0+ + o+ o+ o+ o+ o+ o+ -+ -+ + + ? - 9 14/74
Fairclough et al. (2017)*° + o+ o+ 4+ o+ o+ o+ = - + - + + + + - ? 14/74
Foley et al. (2018)” + 0+ o+ o+ o+ o+ o+ o+ 2+ ? + -+ + + + - 9 14/74
Gupta et al. (2018)* + 0+ + o+ o+ o+ 2+ o+ - -+ - + + + ? - ? 12/63
Gupta et al. (2019)%’ T S S S S -+ + + ? - 2 13/68
Gupta et al. (2019)"° e I + + ? - 2 13/68
Lewthwaite et al. (2019)”" + + + 4+ o+ o+ o+ o+ o+ = - + - + + + ? + + 15/79
McGregor et al. (2018)*° o+ o+ o+ o+ o+ o+ + + - + + + ? - ? 14/74
McGregor et al. (2019)? + 0+ o+ o+ o+ o+ o+ o+ o+ o+ + + + + + + ? - 2 16/84
Powell et al. (2019)° + + + + + + + + + + + + — + + + + - ? 16/84
Ryan et al. (2019)”* + 0+ + o+ o+ o+ o+ 22— - + - + + + ? — ? 11/58
Talarico & Janssen (2018)° + + + + + + + + + + + + - + + + + - ? 16/84
Taylor et al. (2019)"° + 0+ o+ o+ o+ o+ o+ o+ + -+ + + ? - 9 12/63
Taylor et al. (2018)"’ o+ o+ o+ o+ o+ -+ + + + + ? - 9 14/74

Note: Rating of criteria: “+” =yes, “—” =no, “?” = unable to determine.

studies' **” assessed the relationships between the composition

whereas unfavorable associations were found for the proportion

of 24-h movement behaviors and adiposity indicators in adults,
both of which found that the distribution of time spent in 24-h
movement behaviors was significantly associated with BMI and
waist circumference. In 1 study,'® the strongest favorable asso-
ciation was found for the proportion of time spent in MVPA,

of time spent in LPA and SB. The relationships between the
composition of 24-h movement behaviors and adiposity indica-
tors in older adults were examined in 2 studies;**’* both studies
found that the time-use composition was significantly associated
with adiposity. Only 1 study® reported the reallocation of
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Table 5

Relationships between the 24-h movement behavior composition and health outcomes.

S. Rollo et al.

Health outcome Author (year) Age group Association with health outcome
Adiposity
BMI
Carson et al. (2017)%* Preschoolers v
Taylor et al. (2018)"7 Preschoolers v
Fairclough et al. (2017)%° Children v
Talarico & Janssen (2018)" Children v
Taylor et al. (2019)"° Children v
Carson et al. (2016)"° Children/youth v
Chastin et al. (2015)'° Adults v
Gupta et al. (2019)%° Adults v
Dumuid et al. (2018) Older adults v
Powell et al. (2019)"° Older adults v
McGregor et al. (2018)*° Adults/older adults v
Body composition
Dumuid et al. (2018)"* Children v
Dumuid et al. (2019)* Children v
Talarico & Janssen (2018)"° Children v
Gupta et al. (2019)%° Adults v
Powell et al. (2019)”° Older adults v
Waist-to-hip ratio Dumuid et al. (2018)* Older adults v
Waist-to-height ratio Fairclough et al. (2017)%° Children v
Waist circumference
Carson et al. (2017)%* Preschoolers X
Talarico & Janssen (2018)"° Children v
Carson et al. (2016)"” Children/youth v
Chastin et al. (2015)"° Adults v
Gupta et al. (2019)*° Adults v
McGregor et al. (2018)*° Adults/older adults v
Cardiometabolic health
Resting heart rate McGregor et al. (2018)*° Adults/older adults v
Systolic blood pressure
Carson et al. (2016)"° Children/youth v
Chastin et al. (2015)'° Adults v
Gupta et al. (2018)°® Adults v
Gupta et al. (2019)"° Adults v
Dumuid et al. (2018)* Older adults X
McGregor et al. (2018)*° Adults/older adults X
Diastolic blood pressure
Carson et al. (2016)"” Children/youth v
Chastin et al. (2015)"° Adults v
Gupta et al. (2018)°* Adults x
Gupta et al. (2019)"° Adults v
Dumuid et al. (2018)* Older adults x
McGregor et al. (2018)*° Adults/older adults X
Triglycerides
Carson et al. (2016)"” Children/youth v
Chastin et al. (2015)'° Adults v
Powell et al. (2019)" Older adults v
McGregor et al. (2018)*° Adults/older adults v
Total cholesterol
Dumuid et al. (2018)%* Older adults X
Powell et al. (2019)”° Older adults X
HDL-cholesterol
Carson et al. (2016)"” Children/youth vV
Chastin et al. (2015)'° Adults x
Powell et al. (2019)”° Older adults X
McGregor et al. (2018)*° Adults/older adults v
LDL-cholesterol
Chastin et al. (2015)'° Adults X
Powell et al. (2019)”° Older adults X
McGregor et al. (2018)*° Adults/older adults v
VLDL-cholesterol Powell et al. (2019)”° Older adults X

(continued on next page)
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Table 5 (Continued)
Health outcome Author (year) Age group Association with health outcome

C-reactive protein

Glucose

Insulin

Cardiometabolic profile
Fitness

Cardiorespiratory/aerobic fitness

Grip strength

Carson et al. (2016)"”
McGregor et al. (2018)*°

Chastin et al. (2015)"°
Dumuid et al. (2018)%
Powell et al. (2019)"°
McGregor et al. (2018)*°

Carson et al. (2016)"”
Chastin et al. (2015)'°
McGregor et al. (2018)*°
Ryan et al. (2019)"*

Fairclough et al. (2017)%°
Carson et al. (2016)"”
McGregor et al. (2018)*°
Dumuid et al. (2018)*
McGregor et al. (2018)*°

Mental, social, and emotional health
Behavioral strengths and difficulties
Mental health

Perceived health-related quality of life

Carson et al. (2016)"’

McGregor et al. (2018)*°

Mortality
Bone and skeletal health

Dumuid et al. (2018)**
Lewthwaite et al. (2019)”"
McGregor et al. (2019)"?
Taylor et al. (2018)"’

Chronic diseases and conditions-Symptoms

Lewthwaite et al. (2019)""

Children/youth v
Adults/older adults v
Adults v
Older adults X
Older adults X
Adults/older adults v
Children/youth v
Adults v
Adults/older adults v
Older adults v
Children v
Children/youth v
Adults/older adults v
Older adults v
Adults/older adults v
Children/youth v
Adults/older adults v
Children v
Older adults with COPD Both v/ and x
Adults/older adults v
Infants — Preschoolers v
Older adults with COPD Both v/ and x

Note: v Statistically significant association present; x statistically significant association absent.
Abbreviations: BMI = body mass index; COPD = chronic obstructive pulmonary disease; HDL = high-density lipoprotein; LDL = low-density lipoprotein; VLDL

= very low-density lipoprotein.

15 min to MVPA from any other behavior was associated with
lower BMI and waist-to-hip ratio, whereas one other study’”
reported reallocating 30 min from sleep, SB, or standing, to
LPA was associated with significant decreases in BMI, body
fat, and fat mass. The relationships between the composition of
24-h movement behaviors and adiposity indicators in a sample
including adults and older adults were examined in 1 study,”
which found beneficial associations between larger proportions
of MVPA relative to time in other behaviors and BMI and waist
circumference among adults, but no associations were found
among older adults.

3.3.2. Cardiometabolic health

The relationships between the composition of 24-h move-
ment behaviors and cardiometabolic biomarkers were exam-
ined in 8 studies'®'?-?00%0%70-737 (Taple 5). The quality of
evidence ranged from fair to good across studies. One study'’
found that the composition of movement behaviors was associ-
ated with blood pressure, triglycerides, high-density lipopro-
tein (HDL)-cholesterol, C-reactive protein, and insulin in a
sample of children and youth. Relative to other movement
behaviors, LPA was positively associated, and sleep was nega-
tively associated, with blood pressure; and MVPA was nega-
tively associated with several cardiometabolic risk markers.
The relationships between the composition of 24-h movement

behaviors and cardiometabolic health were examined in adults
in 3 studies'®**’" and in older adults in 3 studies.®*’*"*
Among adults, findings indicated that the daily composition of
movement behaviors was significantly associated with trigly-
cerides,'® plasma glucose,'® plasma insulin,'® and
systolic'®**"% and diastolic'®’ blood pressure. No associa-
tions were found with HDL- or low-density lipoprotein
(LDL)-cholesterol.'® Among older adults, 1 study®® found the
composition of movement behaviors was not associated with
markers of cardiometabolic risk. Another study yielded similar
findings,”” with the exception of triglycerides, which were
favorably associated with standing time. A third study,’”* how-
ever, found differences in the 24-h composition of movement
behaviors between older adults with “healthy” and
“unhealthy” cardiometabolic profiles. One study”’ examined
the relationships between the composition of 24-h movement
behaviors and cardiometabolic biomarkers in a sample of both
adults and older adults and found beneficial associations
between larger proportions of MVPA relative to time in other
behaviors and resting heart rate, HDL-cholesterol, triglycer-
ides, blood glucose, and insulin levels for adults. Furthermore,
more time spent in sleep relative to other movement behaviors
was deleteriously associated with HDL-cholesterol, insulin,
and C-reactive proteins but was beneficially associated with
LDL-cholesterol.
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3.3.3. Fitness

Four studies of good quality examined the relation-
ships between the composition of 24-h movement behaviors
and indicators of fitness (Table 5). Study samples included
children,® children and youth,'” adults and older adults,”” and
older adults.”” Among children, replacing MVPA with any
other movement behavior predicted lower cardiorespiratory
fitness. Among children and youth, the composition of move-
ment behaviors was found to be associated with aerobic fit-
ness. Relative to other movement behaviors, time spent in SB
was negatively associated, and time spent in MVPA was posi-
tively associated, with aerobic fitness. In 1 study’’ that
included both adults and older adults, beneficial associations
were observed between larger proportions of MVPA relative
to time in other behaviors and aerobic fitness, as well as
between relative time spent in LPA and grip strength among
adults. More time spent in sleep relative to other movement
behaviors was deleteriously associated with aerobic fitness and
grip strength among adults. No associations emerged among
older adults. Last, 1 study®® found that reallocation of 15 min
to MVPA from any of the other behaviors was beneficially
associated with cardiorespiratory fitness in older adults.

19,20,63,66

3.3.4. Mental, social, and emotional health

Two studies' " of good quality examined the relationships
between the composition of 24-h movement behaviors and
indicators of mental, social, and emotional health among chil-
dren and youth'” and adults and older adults®” (Table 5). In 1
study, the composition of movement behaviors was associated
with behavioral strengths and difficulties in children and
youth, such that LPA was positively associated, and sleep was
negatively associated, with unfavorable scores. In the other
study, larger proportions of MVPA were associated with better
mental health in older adults.

3.3.5. Perceived health

The relationships between the composition of 24-h move-
ment behaviors and perceived health-related quality of life
were examined in 2 studies of good quality (Table 5).°""" In
an international sample of children, it was found that for chil-
dren from countries with higher human development indexes,
the movement behavior composition was significantly related
to health-related quality of life, with MVPA relative to the
remaining behaviors being positively associated with this
health indicator.”" In a sample of older adults with chronic
obstructive pulmonary disease, prospective associations were
reported between a change in the 24-h movement behavior
composition and changes in the health-related quality of life
subdomain of mastery but not fatigue.”' Compositional iso-
temporal substitution models showed that reallocating more
time to higher-intensity PA or sleep was associated with favor-
able changes in outcomes, whereas reallocating time to SB or
LPA was associated with unfavorable changes.

3.3.6. Mortality
One study’” of good quality examined the relationship
between the composition of 24-h movement behaviors and

S. Rollo et al.

risk of mortality among adults 50—79 years old (Table 5).
Results demonstrated a prospective association between the
composition of 24-h movement behaviors and mortality rate
after controlling for confounding effects (e.g., age, sex, state
of health at outset). The association was driven primarily by
time spent in MVPA relative to other movement behaviors.

3.3.7. Bone and skeletal health

One study’’ of good quality examined the relationship
between the composition of 24-h movement behaviors and
bone and skeletal health in children from 1 through 5 years of
age and found that higher levels of MVPA at 2 and 3.5 years
were consistently associated with higher bone mineral content
and bone mineral density at 5 years; however, no consistent
relationships between other components of compositional
time-use and bone health were apparent (Table 5).

3.3.8. Chronic diseases and conditions

The relationship between the composition of 24-h movement
behaviors and chronic diseases and conditions was examined in 1
study’' of good quality (Table 5). In a sample of older adults with
chronic obstructive pulmonary disease, prospective associations
were reported between a change in the 24-h movement behavior
composition and changes in symptoms, including anxiety but not
breathlessness or depression. Compositional isotemporal substitu-
tion models showed that reallocating more time to higher inten-
sity PA or sleep was associated with favorable changes in
outcomes, whereas reallocating time to SB or LPA was associated
with unfavorable changes.

3.3.9. Summary of evidence

In preschoolers, there was consistent evidence that the com-
position of 24-h movement behaviors, specifically more sleep
and less SB, was associated with lower adiposity.’”’” Further-
more, there was initial prospective evidence that the composi-
tion of movement behaviors, specifically greater MVPA, was
associated with greater bone and skeletal health.”’

In children, there was consistent evidence for
adiposity'*°>°%">7 and preliminary evidence for health-
related quality of life®” and cardiorespiratory fitness"® and that
the composition of movement behaviors, specifically greater
MVPA relative to other behaviors, was associated with favor-
able measures. For both children and youth, there was initial
evidence that the composition of 24-h movement behaviors,
specifically greater MVPA, more sleep, less LPA, and/or less
SB relative to other behaviors, was associated with favorable
indicators of adiposity and aerobic fitness, as well as cardiome-
tabolic, social, and emotional health.'”

For adults, there was consistent evidence that the daily
composition of movement behaviors was associated with a
number of cardiometabolic biomarkers;'®?%°*7 however, for
older adults, evidence was inconsistent across studies.”%7%-74
For both adults and older adults, there was fairly consistent
evidence that the composition of 24-h movement behaviors,
specifically greater time spent in MVPA and to a lesser extent
LPA, and less time spent in SB, was associated with favorable
indicators of adiposity.'®?%%***7*> Furthermore, there was
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preliminary evidence that the composition of 24-h movement
behaviors, specifically higher levels of LPA and MVPA and/or
lower levels of sleep, relative to other behaviors, was associ-
ated with greater cardiorespiratory fitness.”* Specific to
older adults, there was also initial evidence that the 24-h time-
use composition, specifically higher levels of MVPA relative
to other behaviors, was associated with better mental health”
and reduced risk of mortality.””

Among clinical populations, there was initial prospective evi-
dence that the 24-h movement behavior composition was associ-
ated with symptoms of anxiety and health-related quality of life
in individuals with chronic obstructive pulmonary disease,
wherein greater time spent in MVPA or sleep was related to lower
levels of anxiety and higher health-related quality of life.”!

3.4. Associations between meeting 24-h movement guidelines
and health indicators

3.4.1. Adiposity

The relationships between adherence to the 24-h movement
guidelines and adiposity indicators were examined in 12
studies®’ 27344447 4951.33.3659 (Taple 6). Indicators of adi-
posity (e.g., BMI) were measured objectively (e.g., anthro-
pometry) or assessed subjectively (e.g., parent-reported height
and weight). The quality of evidence ranged from fair to good
across the studies. The relationships between adherence to
24-h movement guidelines and adiposity indicators in toddlers
were examined in 2 studies.””” Both studies reported no asso-
ciations between meeting specific and general combinations of
the guideline recommendations and BMI z-scores. The rela-
tionships between adherence to 24-h movement guidelines and
adiposity indicators in preschoolers were examined in 4
studies.”®**°'* One study’* reported that adherence to any
single recommendation or any combination of recommenda-
tions at the age of 4 years was not associated with being over-
weight or obese or with BMI or BMI z-scores at age 4 or
5 years. In another investigation, adherence to meeting all 3
guidelines (PA, screen time, and sleep) at ages 1 and 2 years
was not related to BMI z-score or body composition at age 5,
either cross-sectionally or prospectively.” One cross-sectional
study”® reported no association between meeting individual or
combined recommendations and adiposity (BMI z-scores and
BMI status). Another cross-sectional study’' found that meet-
ing guidelines separately for PA or sleep, or for both, was asso-
ciated with lower waist circumference and that meeting
guidelines for sleep or for both PA and sleep were associated
with lower BMI. The relationships between adherence to 24-h
movement guidelines and adiposity indicators in children were
examined in 2 studies;"*° both studies reported favorable
associations between meeting all 3 recommendations and indi-
cators of adiposity (BMI z-score and odds of obesity). One
study®® reported that in comparison to meeting all 3 recom-
mendations, meeting two, one, or none of the guidelines was
associated with 2.5, 4.5, and 8.0 times increased odds of obe-
sity, respectively. One study’’ examined the relationship
between adherence to 24-h movement guidelines and adiposity
indicators in adolescents and reported that boys and girls not
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meeting any of the recommendations were 4.0 and 3.8 times
more likely to being obese, respectively, compared to those
meeting all 3 guideline recommendations. Finally, the relation-
ships between adherence to 24-h movement guidelines and
adiposity indicators in samples including children and youth
were examined in 3 studies,””*”"** all of which reported favor-
able associations between meeting all 3 recommendations and
indicators of adiposity or risk of overweight/obesity.

3.4.2. Mental, social, and emotional health

The relationships between adherence to the 24-h movement
guidelines and indicators of mental, social, and emotional health
were examined in 5 studies”*”*>**~? of good quality (Table 6).
One study”” examined the relationship between meeting the 24-h
movement guidelines and behavioral and emotional problems in
preschoolers and found that meeting more recommendations was
associated with lower scores for total, externalizing, and internal-
izing problems. One study assessed the relationship between
meeting the 24-h movement guidelines and dimensions of impul-
sivity in children and reported that adherence to all 3 recommen-
dations was associated with lower positive urgency, negative
urgency, and behavioral inhibition system scores, greater perse-
verance scores, and better scores on delay-discounting. One
study”’ examined the relationship between adherence to the 24-h
movement guidelines and psychological well-being (happiness
and stress) in adolescents and found that meeting all 3 recommen-
dations was significantly associated with being happy and not
feeling stressed. Furthermore, when the general combination of
movement behaviors was considered, meeting more recommen-
dations, compared to none, was significantly and incrementally
associated with being happy. The relationships between adher-
ence to 24-h movement guidelines and mental, social, and emo-
tional health indicators in samples including children and youth
were examined in 2 studies.”””” Findings indicated that meeting
all 3 recommendations was associated with better behavioral
strengths and difficulties scores,”” lower emotional problem
scores,i and higher life satisfaction and prosocial behavior
scores.

3.4.3. Cardiometabolic health

Two studies””** examined the relationships between adher-
ence to the 24-h movement guidelines and cardiometabolic bio-
markers, both of which were conducted in a sample of children
and youth (Table 6). The quality of evidence was fair in 1 study™
and good in another.”’ Cardiometabolic health biomarkers
included blood pressure, triglycerides, HDL-cholesterol, C-reac-
tive protein, glucose, and insulin. Findings indicated that meeting
all 3 recommendations was associated with lower insulin,”’ lower
triglyceride,””** and lower glucose levels.** One study’’ found
favorable associations with blood pressure and HDL-cholesterol;
however, the other study™ found no associations.

3.4.4. Cognitive development

The relationships between adherence to the 24-h movement
guidelines and cognitive development were examined in 2
studies™®°!' (Table 6). The quality of evidence was fair in 1
study®' and good in another.”® One study’® assessed the
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Table 6

Relationships between adherence to 24-h movement guidelines and health outcomes.

S. Rollo et al.

Health outcome Author (year) Age group Association with health outcome
Adiposity
BMI
Lee et al. (2017)" Toddlers (4]
Santos et al. (2017)*’ Toddlers (4]
Berglind et al. (2018)** Preschoolers (4]
Chaput et al. (2017)* Preschoolers (4]
Leppinen et al. (2019)°' Preschoolers e
Meredith-Jones et al. (2019)°° Preschoolers (4]
Laurson et al. (2014)* Children A
Roman-Vifias et al. (2016)°° Children A
Laurson et al. (2015)*’ Adolescents e
Carson et al. (2017)*’ Children/youth %
Janssen et al. (2017)*° Children/youth %
Katzmarzyk & Staiano (2017)** Children/youth e
Body composition
Meredith-Jones et al. (2019)°° Preschoolers (4]
Katzmarzyk & Staiano (2017)** Children/youth e
Waist circumference
Leppinen et al. (2019)°' Preschoolers e
Carson et al. (2017)*7 Children/youth %
Katzmarzyk & Staiano (2017)** Children/youth %
Mental, social, and emotional health )
Behavioral and emotional problems Carson et al. (2019)*° Preschoolers e
Impulsivity Guerrero et al. (2019)*° Children %
Psychological well-being Lee et al. (2018)° Adolescents e
Behavioral strengths and difficulties Carson et al. (2017)*7 Children/youth 4
Emotional problems Janssen et al. (2017)%’ Children/youth %
Life satisfaction Janssen et al. (2017)%’ Children/youth A
Prosocial behavior Janssen et al. (2017)*’ Children/youth e
Cardiometabolic health
Systolic blood pressure
Carson et al. (2017)*7 Children/youth 4
Katzmarzyk & Staiano (2017)** Children/youth 4]
Diastolic blood pressure
Carson et al. (2017)*7 Children/youth (4]
Katzmarzyk & Staiano (2017)** Children/youth (4]
Triglycerides
Carson et al. (2017)*’ Children/youth %
Katzmarzyk & Staiano (2017)** Children/youth e
HDL-cholesterol
Carson et al. (2017)*7 Children/youth %
Katzmarzyk & Staiano (2017)** Children/youth (4]
C-reactive protein Carson et al. (2017)*’ Children/youth (4]
Glucose Katzmarzyk & Staiano (2017)** Children/youth e
Insulin Carson et al. (2017)*7 Children/youth e
Cognitive development
Social-cognitive development Cliffet al. (2017)*® Preschoolers e
Global cognition Walsh et al. (2018)°" Children %
Perceived health-related quality of life
Chia et al. (2020)*7 Preschoolers e
Sampasa-Kanyinga et al. (2017)°" Children e
Aerobic Fitness Carson et al. (2017)*’ Children/youth %
Dietary Patterns Thivel et al. (2019)*° Children A

Note: & Favorable association that was statistically significant; @ null (nonsignificant) association.

Abbreviations: BMI =body mass index; HDL = high-density lipoprotein.
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relationship between adherence to the 24-h movement guidelines
and social-cognitive development in preschoolers and reported
that meeting all 3 recommendations was associated with better
performance on social cognition assessments. One study®' exam-
ined the relationship between adherence to the 24-h movement
guidelines and global cognition in children and found that each
additional recommendation met, as well as meeting all 3 recom-
mendations, was positively associated with global cognition.

3.4.5. Perceived health

Two studies’’”® examined the relationships, in pre-
schoolers®” and children,’® between adherence to the 24-h
movement guidelines and perceived health-related quality of
life (Table 6). The quality of evidence was poor in 1 study’’
and good in another.”® Both studies reported that meeting all 3
24-h movement-guideline recommendations was associated
with significantly better health-related quality of life when
compared to meeting none of the recommendations. Interest-
ingly, between-country differences were found for relation-
ships between health-related quality of life and 24-h
movement guidelines adherence among children.

3.4.6. Aerobic fitness

One study’’ of good quality examined the relationship
between adherence to the 24-h movement guidelines and fit-
ness in children and youth and found that individuals who met
all 3 recommendations had higher aerobic fitness than those
meeting none, 1, and 2 recommendations (Table 6).

3.4.7. Dietary patterns

The relationships between adherence to the 24-h movement
guidelines and dietary patterns were examined in 1 study® of
fair quality (Table 6). In a sample of children, it was found
that a healthier dietary pattern was observed when more move-
ment behavior recommendations were met.

3.4.8. Summary of evidence

Among toddlers, findings indicated that there is currently no
evidence to support the claim that meeting the integrated guide-
lines is associated with lower adiposity.*””” Among preschoolers,
there was preliminary evidence that those who met the 24-h
movement guidelines demonstrated better health-related quality
of life,”” better social-cognitive development,*® and fewer behav-
ioral and emotional problems.’> However, there was inconsistent
evidence across studies as to whether meeting the 24-h movement
guidelines was associated with favorable adiposity
outcomes.”****">3 For children and youth, there was consistent
evidence that those who adhered to all three 24-h movement
guidelines had lower adiposity and likelihood of
obesity as well as favorable indicators for mental,
social, and emotional health (e.g., impulsivity, psychological
well-being, prosocial behavior).””*”**>° Meeting the integrated
guidelines was also associated with higher aerobic fitness®’ and
favorable cardiometabolic health.””** Specific to children, there
was preliminary evidence that those who met the guideline rec-
ommendations reported better global cognition,”' better health-
related quality of life,”® and healthier dietary patterns.®’

sssss
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3.5. Compliance with 24-h movement guidelines

A total of 31 studies”” **** °' examined the proportion of
individuals meeting specific (e.g., screen time only) and general
combinations (e.g., all 3) of the 24-h movement guideline recom-
mendations. A total of 12 studies®*-*-7-7~3%:42:46:49.31.33:59 gy am.
ined the proportion of infants, toddlers, and preschoolers who
met the 24-Hour Movement Guidelines for the Early Years
(0—4 years old) and different recommendations within the guide-
lines. Only 1 study™® examined the prevalence of infants meeting
the 24-h movement guidelines. It found that only 3.5% of infants
met the combined guidelines (i.e., tummy time, time restrained,
screen time, and sleep); furthermore, a significantly higher pro-
portion of girls (5.7%) than boys (1.6%) met the combined guide-
lines. Two studies’”” assessed compliance with the new 24-h
movement guidelines in a sample of toddlers and found that only
8.9%—11.9% met the overall guidelines. Among preschool-aged
children, the proportion that met all 3 recommendations ranged
5%—24% across 9 studies,”**>77 39409153

Atotal of 19 St_udieSZ7,29,3(),4(),4l,43 45,47,48,50,52,54—58,60,61 exam-
ined the proportion of children and/or youth who met the 24-Hour
Movement Guidelines for Children and Youth (5—17 years old),
individually and in combination. Eight studies®®*"<%%0:38.00:61
examined the prevalence of children meeting the 24-h movement
guidelines, and the proportion that met all 3 recommendations
ranged 4.8%—10.8%. Four studies”*"**** examined the preva-
lence of youth meeting the 24-h movement guidelines, and the
proportion that met all 3 recommendations ranged 1.6%—9.7%.
Seven studies®’*”**34%35:57 a5sessed compliance with the 24-h
movement guidelines in a sample of children and youth, and the
proportion that met all 3 recommendations ranged 2.6%—7.5%.
Two studies found that children and youth with epilepsy’’ and
autism spectrum disorder’' showed lower adherence to the guide-
lines than their typically developing peers.

Because the first 24-h movement guidelines for adults and
older adults will be released by Canada only in October of
2020, no studies were found that examined the proportion of
adults or older adults meeting 24-h guidelines.

3.6. Correlates of meeting 24-h movement guidelines

. . 5.46.52.5 . . .
Six studies®®***#0925% examined correlates associated with

adherence to the 24-h movement guidelines. Correlates examined
included sociodemographic, lifestyle, and environmental factors,
as well as infant, maternal, and family characteristics. Study sam-
ples included infants,*? preschoolers,% children,***? and
adolescents.”””"  Sex,”" age,” race/ethnicity,”"* poverty
level,*® geographic location of school (urban vs. rural),”> BMI/
obesi'cy,45 =% outdoor time,”” marijuana use,” alcohol use,* and
depressive symptoms,* ™" as well as parental education,” mater-
nal activity and television viewing,’® and household income,”
emerged as significant correlates of meeting the 24-h movement
guidelines. One study®” found a significant relationship between
the time-use composition of 24-h movement behaviors and active
travel among individuals > 16 years old, with those undertaking
some active travel reporting more time spent in leisure MVPA
and less time spent in leisure screen time and sleep than those
reporting no active travel.
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4. Discussion

This is the first review that has comprehensively examined the
associations between the composition of 24-h movement behav-
iors, or adherence to 24-h movement guidelines, and multiple
health indicators across all age groups. The number of studies
using compositional analyses and/or assessing compliance with
the 24-h movement guidelines to examine relationships with
health is rapidly increasing. The most commonly studied health
indicators in relation to 24-h time-use composition or 24-h move-
ment guideline adherence were measures of adiposity, cardiome-
tabolic, mental, social, and emotional health.

Compositional analyses have been recommended for properly
analyzing movement behaviors (including PA, SB, and sleep)
that together are constrained to, and fill, the 24-h period.l()
Because none of the 24-h movement behaviors are independent
of each other, and each of these behaviors has reciprocal effects
on the others,”” it has been suggested that it is inappropriate to
examine their associations with health in isolation. Compositional
data-analysis techniques allow for overall 24-h time use among
different movement behaviors to be considered. Compositional
approaches address multicollinearity issues between movement
variables, ensure that estimates are fully adjusted for all time use,
and allow for the examination of combined and synergistic asso-
ciations of the 24-h movement behaviors with health indicators.'®
The findings of this review represent the current evidence con-
cerning relationships between the daily composition of movement
behaviors and health indicators.

Together, these findings suggest that the movement-behavior
composition of the whole day is important for several indicators
of health at all ages. The current evidence confirms that while
MVPA remains a strong correlate of health indicators when the
full 24-h movement behavior spectrum is considered, time spent
in SB, sleep, and LPA may also have concomitant effects on
health. These findings are consistent with the existing literature.
For instance, in a review of 56 isotemporal substitution studies,
Grgic and colleagues'* found that reallocations of time among
MVPA, LPA, SB, and sleep were associated with a number of
health outcomes; however, the strongest associations were
observed when time was reallocated from SB to MVPA.

The development and release of evidence-informed 24-h
movement guidelines by several countries” *° represents a new
public health approach by providing specific recommendations
for a healthy 24-h period, including time spent in PA, SB, sleep,
and various trade-offs. These guidelines recognize that focusing
on a single behavior has limitations and suggest that a combina-
tion of movement/nonmovement behaviors (PA, SB, and sleep)
matters for health and healthy development. Our review of studies
employing compositional data analysis techniques reaffirms this
approach, across the lifespan. We extend these findings by exam-
ining whether adherence to these guidelines is associated with
desirable health indicators.

Our findings highlight the potential health benefits of meeting
the 24-h movement guidelines for the early years, as well as for
children and youth. Currently, a larger and more consistent body
of evidence exists surrounding the health associations of meeting
the guidelines among children and youth, for whom disparities in
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health indicators are more evident. Our findings corroborate
those of previous literature, which demonstrate the benefits of
high PA, low screen time, and sufficient sleep, both separately
and in combinations, for pediatric health."*>'* It is clear from
the evidence that children and youth who meet the benchmarks
for PA, screen time, and sleep recommended within the 24-h
movement guidelines generally report better overall health than
those who do not meet the benchmarks. The relationships
between 24-h movement guideline adherence and a wide range
of health indicators have been less studied for children who are
in their early years. Furthermore, the current findings indicate
primarily that meeting the 24-h movement guidelines does not
appear to be associated with favorable adiposity outcomes
among toddlers and preschoolers. Previous literature has also
reported inconsistent findings as to whether PA, SB, screen time,
and sleep, as well as specific combinations of these behaviors,
are associated with adiposity, wherein the majority of observa-
tional studies have indicated null associations.”"*'" The lack of
evidence may be partly explained by the fact that these age
groups are predominantly healthy and there is less of a differen-
tial on any given indicator for an association to arise. While the
24-h movement guidelines provide evidence-based benchmarks
for the recommended time spent in PA, SB, and sleep, it is possi-
ble that more stringent thresholds are required to influence physi-
cal health indicators positively (e.g., adiposity) in the early years.
It is also possible that comparing those meeting vs. not meeting
the guidelines may lack the sensitivity required to detect associa-
tions between 24-h movement behaviors and health indicators,
especially if the behavioral or health measures were not robust.
Nonetheless, the potential relationships that may exist between
meeting the 24-h movement guidelines and health indicators in
the early years has only recently gained attention; hence, further
investigation is warranted to ascertain whether compliance with
these guideline recommendations is favorably associated with
adiposity and several other health indicators in children during
their early years.

Current evidence on the proportion of individuals who meet
the 24-h movement guidelines suggest that adherence to the rec-
ommendations, in their entirety, is low. Moreover, the findings
suggest that numerous sociodemographic, lifestyle, and environ-
mental factors, as well as maternal and family characteristics,
may be associated with guideline adherence. Among Australian
infants, significant relationships between sex and compliance
with the 24-h movement guidelines emerged, wherein a signifi-
cantly higher proportion of girls (5.7%) than boys (1.6%) met
the combined guidelines.”* For a sample of preschoolers in the
United States, guidelines adherence varied by race and poverty
level, wherein African American children and children who lived
at or below the poverty level were less likely to meet all 3 guide-
line recommendations.”® Among children, greater maternal
activity and less television viewing were associated with meeting
all three 24-h movement guidelines in a sample of Singaporean
children,”® while higher parental education and greater outdoor
time were associated with meeting the 24-h guidelines in school
children in Mozambique.”> Geographic location of the school
was also associated with guideline adherence, in that more rural
than urban children met the 24-h movement guidelines.”” In 2
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large samples of adolescents from the United States and the
United Kingdom, it was shown that Caucasian adolescents,
younger adolescents (14 years and younger),” boys,"” and those
with a higher household income™ were more likely to meet all 3
guideline recommendations, whereas overweight and obese indi-
viduals,"** those with depressive symptoms,**>* and those who
reported marijuana and alcohol use™ were less likely to meet all
3 guidelines.

Based on the low levels of the population meeting the
guidelines, it is clear that awareness, knowledge, and adoption
of these guidelines by the general public needs to be improved.
For instance, it has been found that the majority of parents
have positive intentions to support child and youth health
behaviors, yet many fail to enact this support.”® In the study,
translation of intention into action was associated with attitudi-
nal aspects, control over support, self-regulation skills, and
parental habits and identity.” The evidence provided in our
study should alert health care professionals, researchers, edu-
cators, decision makers, advocacy groups, organizations, and
parents to the low levels of adherence to the 24-h movement
guideline recommendations and potential effects on health
among children and youth. Latimer-Cheung et al.”’ discussed
the implications of these guidelines for professionals, practi-
tioners, and organizations in PA, physical education, fitness,
wellness, public health, and related fields, as well as potential
strategies for dissemination and implementation. Several dis-
semination resources have been developed (e.g., scientific
statements, Website content, promotional material); however,
there is a need for novel and innovative dissemination and
implementation strategies and activities, including effective
social media and marketing efforts, educational initiatives,
professional development and training, curriculum redesign,
new programming, restructuring of the environment, policy
change, advocacy resources, guideline endorsement, digital
applications, and interprofessional collaboration. Our findings
should encourage researchers and granting agencies to estab-
lish, fund, and implement interventions and public health pro-
motion campaigns designed to improve awareness of, and
adherence to, these guidelines in order to improve the health
and well-being of our future generations. On-going surveil-
lance of the proportion of the population meeting these targets
and investigating associations between 24-h movement behav-
iors and health indicators are important in supporting efforts
for guideline adoption and monitoring trends. Collectively,
our findings support the importance of a healthy composition
of PA, SB, and sleep and subsequently meeting the recom-
mended 24-h movement behavior guidelines for disease pre-
vention and health promotion across the lifespan.

4.1. Strengths and limitations

Based on the Downs and Black checklist’’ for assessment
of the methodological quality, the findings from the studies
included in this systematic review come from reasonably high-
quality studies (Tables 1—4). For instance, 31 of the 51
reported studies had overall quality scores > 70%, and 47 of
the 51 studies had overall quality scores > 60%. We found
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slight differences between the average quality scores of studies
examining adherence to 24-h movement guidelines (mean
(M)=70%) and those employing compositional analyses
(M =74%). Furthermore, studies that demonstrated an associa-
tion between 24-h movement guideline adherence or the com-
position of 24-h movement behaviors and health indicators
(n=33; M=73%) were of a quality similar to those studies
that found no association between these constructs (n=14;
M=74%). The 2 major weaknesses of the included studies
were that only 8% of them employed prospective designs and
measured the exposure variables prior to the assessment of
health indicators, and only 8% reported a formal power calcu-
lation to inform their sample size. Because the majority of
studies were cross-sectional, any causal inference is limited,
and there may be several possible explanations for the esti-
mated associations. Although the majority of studies
accounted for potential covariates (e.g., socioeconomic fac-
tors), it is possible that the associations observed may be attrib-
utable to other factors (e.g., diet, health-compromising
behaviors). Only studies published in English were considered,
so ascertainment bias was possible. Furthermore, measures
used to assess meeting the recommendations varied signifi-
cantly across studies, so their respective validity and compara-
bility cannot be assured. This calls for efforts to standardize,
or at least harmonize, surveillance measures.

4.2. Areas for future research

A number of future research recommendations should be
considered. Good-quality longitudinal and intervention studies
are needed to examine a wide range of health indicators that
are potentially associated with the composition of 24-h move-
ment behaviors and adherence to the 24-h movement guide-
lines. It is important that future investigations utilize valid and
reliable measures that are appropriate for the targeted age
group. There is a need for the development of self-report
instruments measuring screen time that accurately capture
time spent on different screen-based devices across various
platforms and activities.

With the exception of adiposity in children and youth, the
evidence for most health indicators is limited by the number of
studies across age groups, as well as variation in samples,
instruments utilized, and specific indicator examined. These
studies need to be replicated to confirm health associations
with adherence to the 24-h movement guidelines and the 24-h
movement behavior composition. The relationships between
24-h movement behaviors or guideline adherence and several
health indicators have yet to be examined in specific age
groups and populations. There is a need for additional research
that examines the following:

® Potential moderating effects of sex, age, race/ethnicity,
socioeconomic status, and weight status on associations
between the 24-h time-use composition of movement
behaviors and adherence to the integrated guidelines and
health indicators

® Physical behaviors (e.g., active play, organized sport, physi-
cal education), individual characteristics (e.g., physical



508

literacy, physical fitness), and government strategies and
policies that may influence individuals’ daily composition
of movement behaviors and subsequent adherence to the
24-h movement guideline recommendations

® Household/family (e.g., parent-child dyads), school, and
community and environment influences on 24-h time-use
and guideline adherence

® Spatial variation and temporal trends in the proportion of
individuals meeting the 24-h movement guidelines

® International and cross-cultural comparisons of the 24-h
time-use distribution of movement behaviors and 24-h
movement guideline compliance rates

® 24-h time-use composition and guideline adherence among
clinical and at-risk populations.

The evidence to date suggests that adherence to the 24-h
movement guidelines is poor in the early years and among
children and youth; hence, implementation strategies and dis-
semination approaches to encourage uptake and adoption
among stakeholders and the general public need to be encour-
aged and evaluated. Large-scale interventions and public
health promotion efforts to encourage a healthy composition
of daily movement behaviors and enhance compliance with
the 24-h movement guidelines are necessary.

Upon the release of the Canadian 24-Hour Movement
Guidelines for Adults and Older Adults in October 2020,
investigations that are similar to those completed for children
in their early years and for children and youth will need to be
conducted in order to examine guideline adherence, correlates,
and health associations among adult and older adult popula-
tions in Canada and abroad.

5. Conclusion

The findings from this review, based on moderate-quality
evidence, indicate that the composition of movement behav-
iors within a 24-h period may have important implications for
health at all ages and that meeting the current 24-h movement
guidelines is associated with a number of desirable health indi-
cators in children and youth. In summary, our findings demon-
strate that school-aged children and youth who meet all of the
24-h movement guideline recommendations generally have
more favorable measures of adiposity; mental, social, emo-
tional, and cardiometabolic health; fitness; perceived health;
and cognitive development and have healthier dietary patterns
than those who do not meet the recommendations. Currently,
evidence for toddlers and preschoolers is limited and equivo-
cal. The evidence suggests that the time-use composition of
PA, SB, and sleep during a 24-h period is associated with indi-
cators of adiposity at all ages, as well as a number of other
health indicators among specific age groups. Because the
majority of studies were cross-sectional in design, there is a
need for additional high-quality investigations employing lon-
gitudinal and experimental study designs using valid and reli-
able movement behavior (PA, SB, and sleep) measures and
examining a wide array of health indicators across all age
groups. Such studies would confirm the primarily cross-
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sectional evidence and further advance our understanding of
the relationships among 24-h movement behaviors and health.
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