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Title: Associations between meeting 24-hour movement guidelines and health in the early years: A

systematic review and meta-analysis

Abstract

This systematic review examined the compliance with the 24-hour movement guidelines, and
investigated its associations with health indicators for healthy children under 5 years of age. MEDLINE,
PsycINFO, EMBASE, PubMed, Web of Science and SPORTDiscus were searched for peer-reviewed
studies and the last search was conducted on 27 October 2020. The Newcastle-Ottawa Scales were used
to assess the quality of included studies. Eighteen articles including 8,943 participants from 11 countries
were included. On average around 13% of children met all three guidelines. Meta-analyses of the
associations between meeting all three guidelines and adiposity yielded no significant results (»=—0.03;
95% CI = —0.12, 0.06; I* = 51%; P = 0.48). Meeting more guidelines was associated with better
psychosocial health (3/4 studies). Associations between meeting individual or combined guidelines and
motor development yielded mixed results (2/2 studies), while no associations between meeting
guidelines and cognitive development were observed (1 study). Compliance with all three guidelines
was low. Further evidence is required to understand the associations between meeting the 24-hour
movement guidelines and health outcomes. Nevertheless, there was evidence of a dose-response

relationship between meeting the guidelines and better psychosocial health in the early years.

Keywords: physical activity, screen time, sleep, health indicators, early years

Introduction
Early childhood (under 5 years of age) is an important period for children’s health and development,'
and lifestyle and habits at this stage have an important impact on future life.>* Physical activity (PA),**

sedentary behaviour (SB),%’ and sleep are associated with health-related indicators in the early years.?
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For example, higher PA levels and sufficient sleep are related to lower risk of adiposity and better
psychosocial health, motor development, cognitive development and cardiometabolic health,®!° and
high levels of SB are associated with increased risk of adiposity.'"'? Higher PA, longer sleep and lower
SB have been shown to be the ideal combination for optimal health in children."® Because of the finite
time in a day, an increase in the time spent on one activity means an equivalent decrease in the time
spent on the other activities. Therefore, movement behaviours including PA, SB and sleep need to be

considered simultaneously.

Recently developed 24-hour movement guidelines have demonstrated a shift from the traditional view
of movement behaviours in isolation to new integrated guidelines. Canada and Australia issued
guidelines for the early years in 2017,'*!5 followed thereafter by WHO, the United Kingdom and South
Africa also recommendations and integrated guidelines for the early years.'®'® In general, these
guidelines are as follows: Infants aged less than 1 year should be physically active several times per day,
have 14 to 17 hours (aged 0-3 months) or 12 to 16 hours (aged 4-11 months) of good-quality sleep
(including naps), not be restrained for more than 1 hour at a time, and not have screen time (ST);
Toddlers (1-2 years) should have at least 180 min of PA per day, 11 to 14 hours of good-quality sleep
(including naps), and less than 1 hour of being restrained at a time. No sedentary ST is recommended
for toddlers younger than 2 years, and no more than 1 hour of ST per day is recommended for those
aged 2 years. Preschoolers (3-4.99 years) should spend at least 180 min of PA, including 60 min of
energetic play (moderate-to-vigorous-intensity PA), and have 10 to 13 hours of good-quality sleep per
day. Their time spent being restrained should be no more than 1 hour at a time, and sedentary ST should

be less than 1 hour per day.!+!®

Since the release of the first 24-hour movement guidelines in 2017, numerous studies have examined
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compliance with guidelines and associations with health indicators in the early years.'”** However, the
evidence regarding whether children in the early years who meet the guidelines are healthier than those
who do not seems to be inconsistent.??** Therefore, the purposes of this systematic review were to: (1)
examine the association between meeting 24-hour movement guidelines (individual and in combination)
and health in the early years; (2) determine whether there is a dose-response relationship between the
number of guidelines met and health indicators; (3) examine compliance with the 24-hour movement

guidelines in the early years.

Methods

Information sources and search strategy

Six databases were electronically searched: MEDLINE (Ovid), PsycINFO (ProQuest), EMBASE (Ovid),
PubMed, Web of Science, and SPORTDiscus (EBSCO). Also, a manual search of reference lists of
eligible papers was performed to identify additional records. The initial search was conducted on 26
March 2020 and an update search was conducted on 27 October 2020. There were no date limits or
study design limits (see Supplementary Table 1 for the complete search strategy). This systematic review
was guided by the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) and
guidance on systematic reviews and meta-analysis of observational studies.?® It was registered on

Open Science Framework (OSF; DOI: 10.17605/0SF.1I0/QS4VD).

Eligibility criteria

Cross-sectional, cohort, longitudinal studies, and baseline from intervention studies were included. The

specific inclusion criteria were: (1) peer-reviewed articles; (2) written in English; (3) targeting
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apparently healthy children aged from 1.00 month to 4.99 years (infants: 1.00 month-0.99 year; toddlers:
1.00-2.99 years; preschoolers: 3.00-4.99 years); (4) assessing all of the movement behaviours including
PA, ST and sleep. Studies were excluded if they were (1) qualitative studies; (2) case studies and case
series; (3) grey literature; (4) comments/editorials; (5) reviews; and (6) studies focusing on children with

clinical diagnoses (with the exception of obesity/overweight).

Exposures and health outcomes

PA, ST and sleep were the exposures in this systematic review, and they had to be assessed
simultaneously. PA and sleep could be assessed by either objective (e.g. pedometers, accelerometers)
or subjective (e.g. self-reported or proxy-reported questionnaire, interview, diary) measurements. ST
could be assessed by subjective measurement (e.g. self-reported or proxy-reported questionnaire,

interview, diary).

A total of nine health indicators were included and searched with reference to the previous systematic
reviews.*!3 All indicators were ranked as “critical” or “important” according to the Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) framework:? (1) adiposity,
e.g. body mass index (BMI), waist circumference (WC), body fat; (2) motor development (e.g.
locomotion skills, ball skills); (3) psychosocial health (e.g. emotional regulation, anxiety, social-
cognitive function, quality of life); (4) cognitive development (e.g. attention, executive function); (5)
fitness (e.g. cardiovascular fitness, musculoskeletal fitness); (6) growth (e.g. head circumference); (7)
bone and skeletal health (e.g. risk of fractures, bone density); (8) cardiometabolic health (e.g. blood

pressure, glucose); and (9) risks/harm (e.g. injury, accidental fall, fracture).

Data extraction
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Data selection and coding were conducted by two reviewers (JF and CZ) independently. Any
disagreement was resolved by discussion or a third reviewer (WH). Titles and abstracts of potentially
relevant articles were imported into Endnote and screened by two reviewers (JF and CZ). Full-text
articles were then screened by two reviewers (JF and CZ) independently. Basic characteristics of the
articles were extracted (e.g. author, publication year, country, design, population, exposure

measurements, outcomes and main results). Missing data were requested from the authors.

Quality assessment

The Newcastle-Ottawa Scales for cross-sectional studies and cohort studies were used to assess the
quality of the included studies,*®*! by two reviewers (JF and CZ) independently. If there was any
difference in their assessments, it was resolved by discussion or with a third reviewer (WH). The
maximal score was 10 for cross-sectional studies and 9 for cohort studies. Studies were not excluded in

meta-analysis based on the quality score. However, this information was reported and discussed.

Data synthesis

Meta-analysis was conducted using Review Manager version 5.3°% where at least three studies reported
the same exposure (PA, ST, sleep) and health outcomes and used the same design (e.g. cross-sectional).
Based on these criteria, meta-analyses were performed only for studies reporting associations between
meeting 24-hour movement guidelines and adiposity. The correlation coefficient () was used to
calculate the effect size in the meta-analysis. For studies reporting a standard regression coefficient (),
standardised mean difference (Cohen’s d) and F value, these estimates were converted to correlation
coefficients (r) and then transformed to Fisher’s z for further analysis.>*>® For presentation, Fisher’s z

was converted back to correlations. Inconsistency was determined by I-square (/%) values, which were
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categorised as low, moderate, or high, with upper limits of 25%, 50%, and 75%, respectively.’’” Random
effect models were used in the data synthesis to estimate pooled effect size and 95% confidence interval
(CI). Subgroup analysis was not conducted because of the limited number of studies. Where meta-

analysis was not appropriate, a narrative synthesis was conducted.

Results

Description of studies

A total of 1,285 records were identified through database searches, and 8 additional records were
identified through a manual search of the reference lists. The PRISMA flow chart is shown in Figure 1.
After title and abstract screening, 33 records remained for full-text screening. Of these, 15 articles were
excluded due to the following reasons: children not being in the target age range (n = 1), not using 24-
hour movement guidelines (n = 8), only using a part of 24-hour movement guidelines (n = 3), data
reported on the same study sample (n = 1), and inability to retrieve data from authors (n = 2).
Consequently, 18 studies met the inclusion criteria, and 4 out of the 6 authors who were contacted
provided us with data requested. There was agreement on the selection of all 18 included studies (100%)

between the two reviewers (JF and CZ).

The 18 studies included 8,943 individual participants (51% boys) from eleven countries. The mean ages
in the individual studies ranged from 3.60 months to 5.11 years old. All 18 studies used an observational
design, with 14 cross-sectional studies and 4 longitudinal studies. The health outcomes presented in this
review were adiposity (n = 8), psychosocial health (n = 4), motor development (n = 2), and cognitive

development (n = 1). The full list of the study characteristics of the included studies is shown in Tables
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1 and 2. In the quality assessment, 13 of the articles scored at least 7,'°2°3%43 [ article scored as 6,* and

the other 4 were scored as 4 or lower (Supplementary Tables 2 and 3).48

Measurement of movement behaviours

n= 15)19—23,25,38—44,46,48

To assess PA, studies used accelerometers ( or parent-report questionnaires (n =

— 16)919,21,23—25,3848 while

3).244347 To assess ST, parent-reported questionnaires were used most often (n
the other studies used either a parent interview (n = 1)*° or a parent-reported diary (n = 1).?? Sleep was

assessed by parent-reported questionnaires (n = 9),!%-21:41:42:44-48

accelerometer data matched with activity
logs (n = 3),2%53 accelerometers alone (n = 3),%*%4} a combination of parent-reported sleep diary and
questionnaire (n = 1)**, parent-reported sleep diary alone (n = 1)?, or parent interview (n = 1).%° In one

study, the sleep time component was excluded from the data analysis because of the unreliable and

largely unusable data for daytime naps.*

Compliance proportion

Table 1 shows the proportions of compliance with the 24-hour movement guidelines reported in all 18
studies. The mean percentages and standard deviations (SD) of meeting the PA, ST and sleep guidelines
were 67.0% = 29.9% (n = 18), 28.3% + 20.5% (n = 18) and 77.3% % 19.7% (n = 17), respectively. On
average, 12.8% (SD = 8.4%, n = 17) of the participants met all three guidelines, and the compliance
proportions varied by age group: infants (3.5%; n = 1), toddlers (13.8% + 4.4%; n = 3) and preschoolers

(13.5% + 9.6%; n = 13).

Associations between meeting 24-hour movement guidelines and adiposity

Associations between meeting 24-hour movement guidelines and adiposity were assessed in eight

studies and the results are summarized in Table 2. BMI z-score was used most frequently (n =
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5).19:20.23.2440 The quality of evidence of the eight studies was scored at least 7 (Supplementary Tables 2
and 3). For individual guideline compliance, 2/8 studies found an association between meeting PA
guideline and adiposity (higher SAT*, lower WC??), 2/8 studies reported an association between
meeting ST guideline and adiposity (higher VAT,* lower risk for overweight and obesity*’), and 1/8
studies reported an association between meeting sleep guideline and adiposity (lower WC, lower
BMI).? The association between meeting both PA and sleep guidelines and adiposity (lower WC, lower
BMI) was reported in 1/8 studies,?” while other studies found the association between neither meeting

other combinations (PA and ST, ST and sleep) nor all three guidelines and adiposity.

Five studies of associations between meeting 24-hour movement guidelines and BMI z-score were
included in the meta-analysis.!?2%23244 The remaining three studies were excluded because they did not
report the same exposure (e.g. meeting all three guidelines) and same adiposity indicator (e.g. BMI,
weight status).?>?33° The meta-analysis of the association between meeting individual guidelines and
BMI z-score is available in Figure 2. There was no evidence of associations between meeting the PA
guideline and the BMI z-score (r = 0.11; 95% CI = —0.02, 0.23; I? = 73%; P = 0.10),!%2%2324 between
meeting the ST guideline and the BMI z-score (= 0.07; 95% CI=-0.08, 0.22; I* = 81; P=0.38),!%-20.23.24
or between meeting the sleep guideline and the BMI z-score (r = 0.01; 95% CI = —0.05, 0.07; I* = 0%;
P = 0.72).%23 The meta-analyses that examined the association between meeting specific
combinations of guidelines (PA and ST, PA and sleep, ST and sleep) and the BMI z-score included three
studies (available in Supplementary Figure 1),'*2%23 and no associations were found. Three studies were
also included in the meta-analysis of the association between meeting all three guidelines and the BMI
z-score.!”?40 The overall association was not significantly different from zero (r = —0.03; 95% CI =

~0.12, 0.06; I = 51%; P = 0.48) (Figure 2d).
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The associations between the number of guidelines met and adiposity was reported in five studies.'®**-

24,39

),192339 whereas the other

Three of these did not find any dose-response relationships (3/5 studies
two observed mixed associations (2/5 studies).?*?* One study found that meeting two or three guidelines
was associated with lower BMI and WC in preschoolers compared to meeting one or none, but found
no difference between meeting three and two guidelines.”> Another study found that meeting one
guideline compared to none was associated with higher SAT among infants and toddlers, but no

difference was found between meeting two and none.**

Associations between meeting 24-hour movement guidelines and psychosocial health

Studies (3 cross-sectional studies and 1 longitudinal study) of associations between meeting 24-hour
movement guidelines and psychosocial health are summarized in Table 2.2!384247 The quality of three
studies were scored at least 8,>1*%4? and one study was scored as 4.*” Based on narrative synthesis, three
of the studies examining the association between meeting individual guidelines and psychosocial health
did not find significant results for the PA guideline.?!***? Meeting the ST guideline was associated with
fewer behavioural and emotional problems in 1/3 studies,*® but the other two did not (2/3 studies).?'*

Two studies found no association with sleep (2/3 studies),***

whereas the other study produced mixed
findings:?! meeting the sleep guideline was associated with the Test of Emotional Comprehension (TEC)

but not with Theory of Mind (ToM) tasks. In this study, TEC was used to assess children’s emotional

understanding and ToM was used to assess the ability of children to attribute mental states to others.?!

Associations between specific combinations of guidelines and psychosocial health were reported in
three studies, and the findings were mixed.?!3%42 For the combination of PA and ST, 2/3 studies did not

find it to be associated with social-cognitive development?! or psychological difficulties,*? whereas the
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other observed a significant trend of meeting more guidelines associated with lower behavioural and
emotional problems.*® For the combination of PA and sleep, 2/3 studies did not find associations with
behavioural and emotional problems®® or psychological difficulties,** whereas the other found it to be
associated with TEC but not ToM.?! In 2/3 studies, the combination of ST and sleep was not associated
with social-cognitive development?! or psychological difficulties.** However, the other study found that
meeting more ST and sleep guidelines was associated with fewer behavioural and emotional problems
(1/3 studies).*® No study reported an association between meeting all three guidelines and psychosocial
health. The four studies examining the dose-response relationship between the number of guidelines

213847 j e., meeting a larger

met and psychosocial health and 3/4 studies reported consistent results,
number of guidelines was favourably associated with behavioural and emotional problems,*® quality of

life*” and social-cognitive development.?! However, the dose-response relationship was not observed in

the other study.*

Associations between meeting 24-hour movement guidelines and motor development

Associations between meeting 24-hour movement guidelines and motor development were reported in
one longitudinal study and one observational study involving 319 preschoolers.** The quality appraisal
scores of these two studies were 8% and 6.* In one study, meeting the PA guideline was positively
associated with locomotion skills and ball skills in 3- and 4-year-olds, while the association became
negative in 5-year-olds; meeting the ST guideline was positively associated with locomotion and ball
skills in 3-year-olds, while the association became negative for 4- and 5-year-olds; meeting the sleep
guideline was negatively associated with locomotion and ball skills (1/2 studies).** However, no
association was found in the other study (1/2 studies).* Furthermore, the longitudinal study found that

meeting the ST guideline at baseline (3.2 years old) was positively associated with fundamental motor

10
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skill at one-year follow-up, while the association between meeting other individual guideline and motor
skill was not found (1/2 studies).** The associations between meeting the combinations of guidelines
and motor skills were not examined in both studies (2/2 studies).*** The dose-response relationship
between the number of guidelines met and motor skills was reported in the longitudinal study (1/2
studies): meeting all three guidelines at baseline was positively associated with total fundamental motor

skill at one-year follow-up, compared to meeting one guideline.*

Associations between meeting 24-hour movement guidelines and cognitive development

Associations between meeting 24-hour movement guidelines and cognitive development were reported
in only one longitudinal study, involving 247 preschoolers (Table 2).** This study explored the cross-
sectional and longitudinal associations between meeting guidelines (alone and in combination) and
executive function (e.g. visual spatial working memory, phonological working memory, shifting and
inhibition), as well as their dose-response relationship.** It found that meeting PA and sleep guidelines
was positively associated with phonological working memory and shifting performance. Compared to
meeting none or one guideline, children who met two or three guidelines displayed better executive
function. Meeting PA guideline at baseline was positively associated with shifting performance 12
months later, and no longitudinal associations were observed for other executive functions.*? The quality

of evidence of this study was scored 9 (Supplementary Table 3).

Discussion

To the best of our knowledge, this is the first systematic review and meta-analysis to summarize the

evidence on compliance with the WHO 24-hour movement guidelines, and to explore whether meeting

11
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the 24-hour movement guidelines is associated with health-related indicators in the early years. Eighteen
studies published after the release of the first combined 24-hour movement behaviour guidelines from
Canada and Australia in 2017 were reviewed. Prevalence of meeting all three guidelines was low. The
results of the meta-analysis did not support an association between meeting 24-hour movement
guidelines and adiposity; however, the findings were based on a limited number of mainly cross-
sectional studies with high heterogeneity. Although the current evidence on the associations of meeting
individual or combinations of the guidelines with psychosocial health, motor development, and
cognitive development was inconclusive for the early years, a dose-response relationship between the

number of guidelines met and psychosocial health was observed in 3 of 4 studies.

The inconclusive associations between meeting the guidelines and the BMI z-score in the current review
echoes the mixed findings in a systematic review of the relationships between movement behaviour
combinations and adiposity in the early years.'> Also, these findings are consistent with a recent review,
which found null association between meeting the 24-hour movement guidelines and adiposity in
toddlers, based on a narrative synthesis.** However, the findings of no associations between movement
behaviours and adiposity in the early years are in contrast to that in school-aged children and youth.*-%
These findings may be due to several reasons. First, the long-term impact of high PA, low ST and long
sleep on adiposity indicators in children takes time to manifest.*' Second, the studies included in the
meta-analysis had relatively high guideline compliance rate, especially for the PA and sleep
guidelines.!?20232440 Thys, the findings may not necessarily reflect the whole spectrum of children who
are generally less physically active and have insufficient sleep. Third, study designs were largely cross-
sectional and majority of them used retrospective analyses. Thus, they may have inadequate power to

tease out temporal relationships. Although the majority of the studies included in meta-analyses used

12
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accelerometers to assess PA, one study relied on parent-reported questionnaire that has not been
validated,* though the quality score was relatively high (scored 7). Additional sensitivity analysis was
performed by excluding this study,?* and no different results were found (data not shown). Finally, the
outcome studies used in 5 out of 8§ of the eligible studies in the meta-analysis were crude proxies for
adiposity: BMI z-score is a poor indicator of adiposity among children aged 2-19 years.’! Exposure
measures of the movement behaviours were also rather crude in many cases (e.g. parent-reported
measures). It is worth noting that eating behaviour was not considered in data analysis in most of the
included studies examining the associations between meeting guidelines and adiposity, although some
of them identified it as one of the limitations.?*?>?32% Such potential confounders should be better

controlled in future studies.

Inconsistent findings were also observed for other adiposity indicators (e.g. WC, VAT). Although BMI
and percentage fat are widely used indicators of adiposity, they are affected by gender, age and
ethnicity.> It is possible that movement behaviours affect fatness rather than weight.>* As an indicator
of overall adiposity, a higher BMI indicates “overweight” rather than “overfatness”,* whereas WC,
VAT and SAT indicate central adiposity, which is the accumulation of fat around the abdomen.*
Furthermore, it is worth noting that adiposity increases during infancy and then decreases, with a
rebound at 3-7 years.*® Such variability makes exploring the association between meeting guidelines
and adiposity in this age group more complicated. It is therefore necessary to combine various indicators
to estimate adiposity more accurately and comprehensively. More longitudinal studies are encouraged

to identify whether meeting 24-hour guidelines affects body fatness in children under 5 years of age.

Psychosocial health is another health indicator that has been commonly examined for the early years.

Except for one study focusing on psychological difficulties,** three eligible studies showed that the more
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guidelines were met, the better the psychosocial health observed.?!-347

These findings are consistent
with previous reviews indicating that PA, ST and sleep are favourably associated with psychosocial
health during early childhood.”!%” Three studies also examined the association between psychosocial
health and individual and combined guidelines;?!*®** however, for specific guidelines, the association
with different types of psychosocial health (behavioural and emotional problems, quality of life, social-
cognitive development, psychological difficulties) was inconsistent. Considering the small number of

included studies and different psychosocial health indicators, it is difficult to compare the findings of

these three studies.?!*%4?

Other health indicators such as motor development and cognitive development have been less examined
for the early years. Two studies included in the current review showed that the associations between
meeting guidelines and fundamental motor skills were mixed.**** Previous systematic reviews found
consistent association between PA and favorable motor skills in the early years,* while association
between ST, sleep and motor skills were predominantly null.%® In addition, experimental studies
generally found favorable associations between the combinations of longer PA and lower sedentary
behavior and motor development among preschoolers.!* However, the quality of evidence was graded
as “low” or “very low” in these previous reviews, and their exposures were the time spent in movement

behaviors,*%®

which is different from compliance rate. The cross-sectional and longitudinal
relationships between meeting 24-hour movement guidelines and cognitive development were examined
in only one study.*? A previous systematic review of relationships between combinations of movement
behaviours and health indicators did not identify any studies examining cognitive functions in the early

4,6,8,10

years.!® In the other reviews of individual behaviours, the evidence of association between

executive function and PA,*!° ST.® and sleep® was inconclusive in observational studies in the early

14
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years. The limited number of studies and mixed findings preclude definitive conclusions.

Across the studies, the proportion of children meeting all three guidelines varied but was generally low.
More importantly, the compliance proportion was extremely low in infants compared with toddlers and
preschoolers, although the compliance in infants was reported in only one study.* Given the low
compliance in the early years, interventions for health-related lifestyles may need to be introduced
earlier. Moreover, previous studies found that there was moderate to high tracking of movement
behaviours from early childhood onward.? Similarly, the longitudinal study included in the current
review found that children who met all three guidelines at an early age were more likely to meet all
guidelines later.*® Thus, early childhood should be considered as a key period for promoting healthy
movement behaviours. Of note, the average age of participants in one study was 5.11 years (age range:
4.1-6.3 years old), which is higher than the upper age limits of the early years specified in the guidelines,
but is preschool age in the country in which it was conducted.?® The compliance rates for the sleep and
ST guidelines may be underestimated because shorter sleep duration and higher upper limits of ST were
recommended for children aged 5-13 years.*® Factors that may influence compliance, such as gender,
ethnicity and socioeconomic status, were reported in some studies, but conclusions could not be drawn
due to the limited number of studies. Future studies should consider the direct influence and mediating

role of children’s characteristics and family factors, which affect movement behaviours.*

Continuous and accurate assessment of movement behaviours across the whole 24-hour day is
challenging,® especially in the early years. It is not surprising that some of the studies included in the
current review assessed PA (n = 3) and sleep (n = 12) using subjective methods. Device-based
measurement of PA in the included studies also demonstrated variations, such as different requirements

for numbers of valid days of accelerometer data, large proportions of excluded participants and a lack
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of validated accelerometer cut-points in the early years.!>**?>3% Furthermore, the recommended sleep
duration in the guidelines included both night-time sleep and daytime naps,'* but a considerable
proportion of studies did not include daytime naps (n = 8). Those studies conducted in infants and
toddlers consistently included daytime naps in sleep measurement, and similarly the longitudinal study
reported the nap time for children aged 1 and 2 years, but not for 5-year-old children.*® Although the
age when children stop napping may vary, it has been reported that preschool-aged children usually
don’t have daytime naps.***® Regarding the specific guideline of SB, most studies focused on ST only
(n = 16), and the specific activities of ST assessed in the parent-reported questionnaire differed across
studies. Wearable cameras may provide an alternative measurement to overcome the limitations of proxy

report in young children.®!

The current systematic review applied a rigorous approach and used a comprehensive search strategy to
include a wide range of health indicators. Nevertheless, the findings should be interpreted cautiously
given the limitations. First, the measurements of PA, ST, and sleep vary across studies, making the
findings less comparable. Second, there might be publication bias given that the search was limited to
English-language and peer-reviewed studies. Third, the current review included only observational
studies and found that almost all of the eligible observational studies were cross-sectional, so a causal
relationship cannot be determined. Experimental designs are needed to investigate the benefits of

meeting 24-hour movement guidelines on health in the early years.

Conclusions

Compliance with the 24-hour movement guidelines is low for children under 5 years of age, although
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the proportions of children meeting the three individual recommendations vary by age group. There was

insufficient evidence to conclude whether or not meeting the 24-hour movement guidelines was related

to adiposity, motor development, and cognitive development in the early years. However, there appears

to be consistent evidence of a dose-response relationship between meeting the guidelines and better

psychosocial health in this age group. Future studies should examine the associations between meeting

the guidelines and other health-related indicators.
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