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Abstract

Background: Given the rapid development during the early years (0-4 years), an understanding of the health implications
of physical activity is needed. The purpose of this systematic review was to examine the relationships between objectively
and subjectively measured physical activity and health indicators in the early years.

Methods: Electronic databases were originally searched in April, 2016. Included studies needed to be peer-reviewed,
written in English or French, and meet a priori study criteria. The population was apparently healthy children aged

1 month to 59.99 months/4.99 years. The intervention/exposure was objectively and subjectively measured physical
activity. The comparator was various volumes, durations, frequencies, patterns, types, and intensities of physical activity.
The outcomes were health indicators ranked as critical (adiposity, motor development, psychosocial health, cognitive
development, fitness) and important (bone and skeletal health, cardiometabolic health, and risks/harm). The Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) framework was used to assess the quality of
evidence for each health indicator by each study design.

Results: Ninety-six studies representing 71,291 unique participants from 36 countries were included. Physical activity
interventions were consistently (>60% of studies) associated with improved motor and cognitive development, and
psychosocial and cardiometabolic health. Across observational studies, physical activity was consistently associated
with favourable motor development, fitness, and bone and skeletal health. For intensity, light- and moderate-intensity
physical activity were not consistently associated with any health indicators, whereas moderate- to vigorous-intensity,
vigorous-intensity, and total physical activity were consistently favourably associated with multiple health indicators.
Across study designs, consistent favourable associations with health indicators were observed for a variety of types of
physical activity, including active play, aerobic, dance, prone position (infants; <1 year), and structured/organized. Apart
from 230 min/day of the prone position for infants, the most favourable frequency and duration of physical activity
was unclear. However, more physical activity appeared better for health. Evidence ranged from “very low" to “high”
quality.

Conclusions: Specific types of physical activity, total physical activity, and physical activity of at least moderate- to
vigorous-intensity were consistently favourably associated with multiple health indicators. The majority of evidence was
in preschool-aged children (3-4 years). Findings will inform evidence-based guidelines.
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Background

The health benefits of physical activity, in particular mod-
erate- to vigorous-intensity physical activity (MVPA), have
been frequently studied in school-aged children and youth
(5-17 years) as well as adults (>18 years) [1-4]. Accord-
ingly, global recommendations on the amount of MVPA
recommended for health benefits in these age groups ex-
ists [5]. In contrast, less research has focused on the health
benefits of physical activity in the early years (0-4 years).
Given that the early years are a critical and rapid
period of physical, cognitive, social, and emotional devel-
opment [6], determining the dose (e.g., frequency, inten-
sity, time/duration, type) of physical activity needed for
healthy growth and development is of great importance.

To better understand the dose of physical activity
needed in the early years, in 2012 Timmons and col-
leagues conducted a systematic review that examined the
relationship between physical activity and multiple health
indicators in this age group [7]. Favourable associations
between physical activity and some aspects of health,
including adiposity, bone and skeletal health, motor skill
development, psychosocial health, cognitive development,
and cardiometabolic health, were reported [7]. However,
within this review, cross-sectional studies were excluded a
priori; consequently, only 22 studies were identified and
limited information on the dose of physical activity re-
quired for health benefits was found [7].

The previous systematic review by Timmons and col-
leagues helped inform the first Canadian Physical Activity
Guidelines for the Early Years [8]. Given the limited infor-
mation on the dose of physical activity required for good
health, guideline formation was influenced by expert opin-
ion, international harmonization, and stakeholder input
[8]. The guidelines state that for healthy growth and devel-
opment, infants (<1 year) should be physically active sev-
eral times daily, and toddlers (1-2 years) and preschoolers
(3-4 years) should accumulate at least 180 min per day of
physical activity at any intensity spread throughout the
day and progress to 60 min per day of energetic play by
5 years of age [8]. These recommendations align with
physical activity recommendations in Australia [9] and the
United Kingdom [10].

Since the dissemination of physical activity guidelines
for children of the early years in Australia, Canada, and
the United Kingdom [8-10], a number of new studies
have examined physical activity in this age group, pri-
marily in preschool-aged children [11]. However, due to
several gaps and limitations in the literature, it remains
unclear whether children in the early years are suffi-
ciently active for good health [11, 12]. For example, no
clear benchmark exists for the appropriate dose of
physical activity in infants; limited research has been con-
ducted with toddlers [13—15]; and estimates of the propor-
tion of preschool-aged children meeting the physical
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activity guidelines vary considerably (27%-100%) [11]. This
variation is partly due to different methodologies used
across studies, and in particular different cut-points for
light-intensity physical activity (LPA) [11]. Despite differ-
ences in cut-points used, most of the physical activity in
preschool-aged children appears to be of low-intensity
[11, 16, 17]. Currently, the specific frequency, intensity,
duration, and type of physical activity required for good
health in the early years remains unclear.

To ensure physical activity guidelines are reflective of
the most up-to-date scientific knowledge, it is important
to revisit and update the available evidence [18]. As
studies with cross-sectional designs were excluded in the
2012 review [7] that informed the current Canadian
guidelines, all available evidence was not originally
captured. Causality cannot be determined with cross-
sectional studies. However, given the limited evidence,
cross-sectional studies may help to expand the current un-
derstanding of the relationships between physical activity
and health in the early years. Since the 2012 review, other
systematic reviews have been completed but they have
focused on specific types of physical activity (e.g., outdoor
play, structured physical activity) or specific health indica-
tors (e.g., motor development, cognitive development, psy-
chosocial health) [19-23], and three of the five reviews
only included preschool-aged children [20, 22, 23]. To our
knowledge, no systematic review has been conducted that
comprehensively examined the relationships between sub-
jectively and objectively measured physical activity and a
broad range of health indicators in infants, toddlers, and
preschoolers across study designs. Therefore, the purpose
of this systematic review was to examine the associations
between objectively and subjectively measured physical ac-
tivity and health indicators in the early years across all
study designs. To help inform guideline updates or devel-
opment, an additional purpose was to determine what dose
of physical activity is associated with health indicators in
children of the early years.

Methods

Protocol and registration

This systematic review was registered with the International
Prospective Register of Systematic Reviews (PROSPERO;
Registration no. CRD42016035937; available from: https://
www.crd.york.ac.uk/PROSPERO/display_record.php?ID=
CRD42016035937). It was conducted and reported follow-
ing the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement for reporting sys-
tematic reviews and meta-analyses [24].

Eligibility criteria

For a study to be included in this review, it had to be
peer-reviewed, published, written in English or French,
and meet a priori (ie, before database searches and
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screening) determined Population, Intervention, Compari-
son, and Outcome (PICO) study criteria [25]. Conference
abstracts and grey literature were not eligible because they
may not be subject to the same peer-review rigour.
However, preliminary results from registered clinical
trials were eligible.

Population

The population was apparently healthy (i.e., general popu-
lation, including samples of overweight/obese children but
not samples of children exclusively with a diagnosed
medical condition) young children (mean age: 1 month-
59.99 months/4.99 years). Where an age range was re-
ported instead of a mean, samples with a lower limit of
1 month-59.99 months/4.99 years and an upper limit
of <6 years were eligible for inclusion. If a mean age or
age range was not reported, samples described as infants,
toddlers, and/or preschoolers were included. For longitu-
dinal or experimental study designs, the age criterion ap-
plied to at least one measurement time point of the
exposure. For feasibility (i.e., staff and funding restrictions
and overall project timelines) and to maximize the
generalizability of findings, experimental studies were re-
quired to have a minimum sample size of 15 participants
in at least one intervention group and observational stud-
ies were required to have a minimum sample size of 100
participants. Setting minimum sample size inclusion cri-
teria a priori is consistent with a similar systematic review
in school-aged children and youth [2]; however, more
lenient cut-offs were chosen a priori in the present review
because it was anticipated the volume of research was
lower in the early years age group. Age subgroups were
defined as 1.0-12.99 months (<1.0 year) for infants, 13.0-
35.99 months (1.1-2.99 years) for toddlers, and 36.0-
59.99 months (3.0-4.99 years) for preschoolers.

Intervention (exposure)

The interventions were volumes, durations, frequencies,
patterns, types, and intensities of physical activity. For
this review, physical activity was defined as any bodily
movement generated by skeletal muscles that results in
energy expenditure above resting levels [26]. “Prone pos-
ition” or “tummy time” in infants, and “outdoor time” in
any age group, were considered eligible physical activity
exposures. Total energy expenditure measured by doubly
labelled water or direct/indirect calorimetry was not
considered an eligible exposure because it includes rest-
ing metabolic rate and the thermic effect of food in
addition to activity energy expenditure [27]; however, ac-
tivity energy expenditure measured by these methods was
eligible. Physical activity could be measured objectively
(e.g., accelerometer, direct observation) or subjectively
(e.g., proxy-report). For experimental studies, interven-
tions had to target physical activity exclusively with no
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other health behaviours (e.g., physical activity and diet or
physical activity and sedentary behaviour), but were not
required to have reported a measured change in physical
activity.

Comparison

The comparators were volumes, durations, frequencies,
patterns, types, and intensities of physical activity. A com-
parator or control group was not required.

Outcomes (health indicators)

The outcomes were eight health indicators chosen by the
review team and collaborators based on the scientific lit-
erature to reflect physical, social, and cognitive health. The
review team and collaborators ranked the eight health indi-
cators as “critical” or “important” in line with the Grading
of Recommendations Assessment, Development, and
Evaluation (GRADE) framework [28, 29]. Critical health
indicators included: adiposity (e.g., overweight, obesity,
body mass index [BMI], skinfold thickness, body fat),
motor development (e.g., gross motor skills, fine motor
skills, locomotor and object control skills), psychosocial
health (e.g., self-efficacy, self-esteem, prosocial behaviour,
aggression, social functioning, depressive symptoms, anx-
iety symptoms, quality of life), cognitive development (e.g.,
language development, attention, executive functioning),
and fitness (e.g., cardiovascular fitness, musculoskeletal
fitness). Important health indicators included: bone and
skeletal health (e.g., bone mineral density, bone mineral
content, skeletal area, Vitamin D), cardiometabolic health
(e.g., blood pressure, insulin resistance, blood lipids), and
risks/harm (e.g., injury, plagiocephaly).

Information sources and search strategy

The search strategies for this review were developed and
peer-reviewed by two librarians with expertise in system-
atic reviews. The following databases were searched be-
tween April 14 and 28, 2016 (the full MEDLINE search
was run at this time and again in July to ensure currency):
SPORTDiscus (dates of coverage not stated), MEDLINE
In-Process & Other Non-Indexed Citations and Ovid
MEDLINE (1946-July 29, 2016), EMBASE (1974 to 2016
April Week 4), PsycINFO (1806 to April Week 4 2016),
and Cochrane Central Register of Controlled Trials
(CENTRAL) (February 2016 issue). No date or study de-
sign limits were included (see Additional file 1 for the
complete search strategies). As more than 6 months had
passed since the initial full search, a partial search update
was conducted in all databases on November 1, 2016, to
capture any randomized controlled trials (RCTs) or clus-
tered RCTs that included “critical” health indicators. A
partial search update rather than a full update was con-
ducted because of logistical reasons (i.e., staff and funding
restrictions and overall project timelines). Furthermore, a
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large volume of observational studies had already been
captured, so it was a priority to focus on studies with
designs that have the potential to provide the highest qual-
ity of evidence to inform review findings and guideline
formation.

All records retrieved from the database searches were
imported into Reference Manager Software (Version 11;
Thompson Reuters, San Francisco, CA, USA), and dupli-
cate records were removed by employing a two-step
strategy. Specifically, duplicates were first identified auto-
matically in Reference Manager; one member of the review
team then manually checked and removed additional dupli-
cates where appropriate. After de-duplication, records were
imported into Distiller SR Software (Evidence Partners,
Ottawa, ON, Canada) for screening. First, titles and ab-
stracts were screened by two independent reviewers; if a
record was included by at least one reviewer, the record
was obtained for further screening. Second, full-text articles
were obtained and screened by two independent reviewers.
Agreement between reviewers was required for a study to
be included or excluded. Discrepancies that could not be
resolved by the two independent reviewers were resolved
by discussions with a third reviewer or with the review
team if needed.

The reference lists of relevant reviews identified during
screening were also checked to see if any additional rele-
vant studies could be identified. To capture registered
clinical trials, two trial registries (https://clinicaltrials.gov
and http://www.who.int/ictrp/en/) were searched on
February 1, 2017, using search terms for physical activity
and the early years age group. This final search was to
detect any large studies that were in progress and could
potentially overturn findings. If found, this pending new
evidence would have been included in the discussion.

Data extraction

Descriptive study characteristics as well as information
regarding the exposure, outcome, and results were ex-
tracted in Microsoft Excel for each included study. For
the results, where applicable, information was extracted
from both unadjusted models and the most fully ad-
justed model. Furthermore, a finding was deemed to be
statistically significant when p < 0.05 was reported, even
if statistical significance was defined differently in a
study. One reviewer completed data extraction for each
study and a second reviewer checked the extracted data.
A third reviewer then checked all extracted results.

Quality assessment

The quality of evidence assessment for each included study
design within each health indicator was guided by the
GRADE framework [30]. Quality of evidence reflects the
level of confidence in the estimated effects. Detailed infor-
mation on GRADE methodology can be found elsewhere
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[30]. Briefly, five assessment criteria (risk of bias, inconsist-
ency, indirectness, imprecision, other [e.g., dose-response
evidence]) were used to rate quality of evidence as “high”,
“moderate”, “low”, or “very low”. Quality of evidence rat-
ings started at “high” for RCTs and “low” for all other ex-
perimental and observational studies. The quality of
evidence could be downgraded for any study design due to
limitations associated with the five assessment criteria. The
review team decided a priori that if the only identified
sources of bias were selection bias due to the use of a con-
venience sample or performance bias due to lack of inter-
vention/control group blinding, the quality of evidence
would not be downgraded because of the risk of bias. If no
limitations were identified, the quality of evidence from
non-randomized and observational study designs could be
upgraded if large effect sizes or evidence of a dose-
response gradient were reported. Since dose-response evi-
dence could not be determined for cross-sectional studies,
observations of a gradient of higher exposure with higher/
lower outcome were considered a reason to upgrade the
quality of evidence associated with this study design [29].

Risk of bias was the only criterion out of the five assess-
ment criteria that was first assessed at the individual study
level. The Cochrane risk of bias assessment was used for
experimental studies [31]. For observational studies, the
risk of selection bias, performance bias, selective reporting
bias, detection bias, attrition bias, and other biases (e.g.,
inadequate control for key confounders) was assessed
[32]. For all studies, risk of bias was assessed by one re-
viewer and checked by two other reviewers. Overall qual-
ity of evidence was evaluated by one reviewer and verified
by the larger review team, including two members with
expertise in systematic review methodology.

Data analysis

Two members of the review team with experience in
conducting meta-analyses assessed the data for each
health indicator to determine if any of the data was sulffi-
ciently homogenous with regard to statistical, clinical,
and methodological characteristics for meta-analyses.
Due to high levels of heterogeneity in study design
and measured outcomes, only one meta-analysis was
possible for four studies that included adiposity as a
health indicator [33—36]. Change (post-intervention minus
baseline) values from studies were entered into Review
Manager Software 5.3 (The Cochrane Collaboration,
Copenhagen, Denmark). When necessary, standard devia-
tions of change were calculated based on other available
statistics in accordance with the Cochrane Handbook for
Systematic Reviews of Interventions [31]. Additionally,
one study [37] only presented results by sex-specific sub-
groups, and thus had to be entered into the meta-analysis
accordingly. Based on the subjectively assessed heterogen-
eity of the interventions, random-effects models were used
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to calculate the weighted mean difference according to the
DerSimonian and Laird method [38, 39]. Due to the small
number of studies included in the meta-analysis, sensitiv-
ity analyses and/or sub-group analyses were not possible.

A narrative synthesis was also conducted for all included
studies. Results were first synthesized by health indicator
and study design then further synthesized by intensity or
type of physical activity. For fitness and cardiometabolic
health, results were also synthesized by different dimen-
sions of the indicator (i.e., cardiorespiratory fitness and
other fitness measures; blood pressure, cholesterol, and tri-
glycerides). Finally, a sub-group analysis was conducted to
examine frequency and duration of physical activity. Since
not all studies reported on frequency and duration, data
were synthesized across health indicators but examined
separately for experimental and observational study de-
signs. For observational study designs, frequency and dur-
ation data were also synthesized for intensity and type of
physical activity. When multiple associations were exam-
ined (e.g., physical activity and BMI and physical activity
and waist circumference or sex-stratified analyses between
physical activity and BMI), a study was classified in one of
four mutually exclusive groups: 1) “favourable” if at least
one favourable but no unfavourable associations were ob-
served, 2) “unfavourable” if at least one unfavourable but
no favourable associations were observed, 3) “null” if no
favourable or unfavourable associations were observed, and
4) “mixed” if both favourable and unfavourable or
favourable, unfavourable and null associations were all
observed. Within the narrative analysis, all studies
were weighted equally. Finally, unless otherwise stated,
findings are based on samples classified as preschool-aged
children.

Results

Description of studies

After de-duplication, 20,848 titles and abstracts and 915
full-text articles were screened (see Fig. 1). It was deter-
mined that 96 studies (87 unique samples) met the inclu-
sion criteria. Of the 96 studies, 4 were identified through
the MEDLINE update of the full search. No additional
studies were identified in the partial update search or the
trial registry searches. Reasons for excluding full-text arti-
cles included: not original research (e.g., review; n = 116),
non-English language or non-French language (1 = 4), in-
eligible age (n = 321), special population (n = 19), no
measure of physical activity (# = 155), no measure of a
health indicator of interest/did not assess the association
between physical activity and health indicator of interest
(n = 98), sample size (n = 48), intervention did not exclu-
sively target physical activity (n = 45), and other (e.g.,
physical activity was a covariate, not human participants;
n = 13). Some full-text articles were excluded for multiple
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reasons. Additionally, nine full-text articles could not be
located so these records were excluded.

The 96 studies involved 86,040 participants (71,291
from unique samples) from 36 different countries. An
experimental study design was used in 24 studies, in-
cluding RCTs (1 = 8), clustered RCTs (n = 4), non-
randomized intervention (n = 9), and cross-over trial
(n = 3) designs. An observational study design was used
in the remaining 72 studies, including longitudinal
(n = 7), longitudinal with additional cross-sectional ana-
lyses (n = 5), case-control (n = 4), case cross-over
(n = 1), and cross-sectional (n = 55) designs. Out of the
96 studies, 80 were classified as preschool samples, two
as toddler samples, 13 as infant samples, and one as
both infant and toddler samples (i.e., 0.1-2.9 years).

Physical activity was measured objectively in 38 stud-
ies, primarily by accelerometers; 10 studies used direct
observation, heart rate monitors, pedometers, and/or
doubly labelled water (i.e., activity energy expenditure).
Physical activity was measured subjectively in 48 studies
by proxy-report questionnaire, log, or interview. Five stud-
ies used both objective and subjective measures of physical
activity. For 15 studies that included physical activity inter-
ventions, physical activity was not measured but these
studies were included in the review because the interven-
tion targeted physical activity exclusively. The types of
physical activity included in both observational and experi-
mental studies were: active play, active transportation, aer-
obic, biking, dance, home-based, exercise play, indoor,
leisure, outdoor, passive cycling, prone position, rough-
and-tumble play, sport, structured/organized, walking, and
weight bearing. Further information on the study design,
sample, exposure, outcome, and main findings for all
individual studies are summarized in Tables S1 to S8 in
Additional file 2. It should be noted that the number of
studies summed across study designs and across health
indicators is more than 96 because 20 studies included
more than one health indicator of interest, and five
studies presented both longitudinal and cross-sectional
findings.

Data synthesis
Adiposity
The association between physical activity and adiposity
was examined in 57 studies (49 unique samples; see Table 1
and Table S1 in Additional file 2). Meta-analyses of four
studies, including three clustered RCTs [33-35] and one
non-randomized intervention [36], involving a total of
1100 participants, found no significant differences between
intervention and control groups for BMI (weighted mean
difference = —0.04 kg/m? 95% confidence interval = -0.12,
0.03; I? = 43%; n = 1971; see Fig. 2).

In the RCT, the mean sum of four skinfolds was sig-
nificantly lower in the intervention group whose parents
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Fig. 1 Flow diagram for the identification, screening, eligibility, and inclusion of studies [24]

received physical activity recommendations from a nurse
when their child was an infant, compared to the control
group, who did not receive recommendations [40]. How-
ever, no significant group differences were observed for
percentage overweight, waist or hip circumference, or
body fat percentage. Furthermore, physical activity did
not significantly differ between the intervention and the
control group [40]. The quality of evidence was down-
graded from “high” to “low” because of very serious in-
directness (see Table 1).

For the four clustered RCTs, a significant decrease in BMI
was observed in the intervention group (structured/orga-
nized physical activity plus cognitive-behavioural training
and resources) compared to the control group (structured/
organized physical activity) in one study [34]. However, no
significant differences in adiposity were observed between
the intervention (structured/organized physical activity or
aerobic physical activity or government-led physical activity
program) and the control groups (standard care) in the
other three studies [33, 35, 41]. Furthermore, physical activ-
ity did not significantly differ between the intervention and
the control groups in one study [41]. The quality of evidence
was downgraded from “high” to “low” because of a serious
risk of bias and serious indirectness (see Table 1).

For the two non-randomized interventions, there were
no significant differences in adiposity between intervention

(structured/organized physical activity) and control (stand-
ard care) groups in one study [36] or from baseline to
follow-up in another study (structured/organized physical
activity) [42]. The quality of evidence was downgraded
from “low” to “very low” because of a serious risk of bias
(see Table 1).

Among the seven longitudinal studies, physical activity
was favourably associated with adiposity for at least one
association in three studies [43—45] and not associated with
adiposity in three studies [46—48]; mixed findings were
observed in one study [49]. For two of the studies that found
some favourable associations, a number of null associations
were also observed [44, 50]. One study with favourable find-
ings had an infant sample [45]. In regard to intensity or type
of physical activity, at least one favourable association was
observed between each of the following physical activity ex-
posures and adiposity: total physical activity (TPA; 2/4 stud-
ies), MVPA (1/1 study), and aerobic physical activity (1/1
study). However, primarily null or mixed associations were
observed between each of the following physical activity ex-
posures and adiposity: vigorous-intensity physical activity
(VPA), activity energy expenditure, home-based physical ac-
tivity, leisure physical activity, and structured/organized
physical activity (see Table 1). The quality of evidence was
downgraded from “low” to “very low” because of a serious
risk of bias (see Table 1).



Page 39 of 215

The Author(s) BMC Public Health 2017, 17(Suppl 5):854

MO
AN

MO
AN

WMOT
AN

MOT
AHIA

sMOT

SMOT

Apras | ur fjuo skoq ‘Apnis | ui sipak & pup ‘€ ‘z ‘| 10U Inq
syuow 9 abp) Ausodipe Yim palenosse A|qpinoAp) sem Ydl

5] Apmas |

ul Aysodipe yum pajeidosse jou pue [|G] Apnis | Ul
Ausodipe yum paieposse Aqpinony sem yd 100pInQ
T¢S] Apnas | Ul Aisodipe Yyiim paleidosse Jou sem YdA
‘[zs] Apnas | ul Alsodipe yim paiedosse Jou sem YdIN
‘[1S] Apmas | Ul Aisodipe yum paleidosse 10U sem Ydl

Ly 'v¥] sa1pn3s  u Ausodipe

UM paIRIDOSSE 10U Sem Yd paziuebio/painipnig

Trv] Apmas L

Ul Alsodipe Yim paleidosse Jou Sem yd dansia

Lv) Apmas L

Ul Aysodipe Yum paieidosse Jou sem Yd paseq-awoH
‘7] ApN3s L Ul (g Ul abubys 10U AJUo Yo auljaspq)
Ausodipe yum pa1enosse Aqpinoap) sem yd 21604y
‘6v] Apmas | Ui Ausodipe yum paeposse

(Ssbwi 1bj 96) 10U PUB ‘(SSDW 10} ING) Algpinoapjun “(ssou
221 10J) AIgpinoAp) sem inppuadxa ABiaua ANAndY
‘[8y] Apn3s | Ul Alisodipe Yim paleidosse Jou sem YdA
Tov] Apmas L

Ul (Apnis | ui ssbwi 1pj 94 10 ‘Ssbwi by ‘g 10U INq ssow
3a4) 10j) AIsodipe Yim paleidosse AiqpinoAby sem YdAW
‘[6¥ ‘o] sa1pnIs g ul Ausodipe yum paleinosse Jou

pue [S ‘cp] saIpNIS T Ul (Apnis | ul 210352
2bD-10}-20UBI3)UINJII 1SIDM 10U INQ 21035-Z 1yblay-104-1yblam
uy abupyd) Asodipe Yim paleidosse AiqpinoAby sem Ydl

‘[zb '9€] sa1pmas g Ul Alsodipe yim paieinosse Jou
2I9M (Vd paziuebio/painidoniis) SUOUSAIRIUI Yd 34|

1 ‘s ‘c€] sapmas € Ul Aysodipe Yim paieidosse Jou
2/oM (welboud yd paj-luswiuidnob 10 ‘yd diqoide
'Yd paziuebio/painidonils) SUOUBAIRIUI Yd SY |

‘[7€] Apnas | ul Ausodipe yim pajeidosse AquinoAp)
2I19M (Yd Paziuebio/painidoniys) SUOIIUIAIRIUI Yd Y|

‘lov]) ApMas L Ul (96 1pj ApOq 10 ‘93UaIjLLN2IID

iy ‘92U 1S10M “JYBIGMIAO 9 10U INQ SPIOJUBYS

JO wins) Ausodipe paAoiduwl Lam pa1eIdoSse AIGpinoAp) sem
(9S4ANU WO SUOEPUSWIWOI3I Y/d) UOIIUSAIDIUI Vd Y|

elg'Le

Lzce

L7

0r9

8¢0¢

191

SUON

Lusipelb
9suodsal-250Q

SUON

SUON

SUON

uolspaidull
SNOLS ON

uolspaidul
SNOLS ON

uolspaidull
SNOLS ON

uolspaidull
SNOLS ON

uolspaidull
SNOL3S ON

uolspaidull
SNOLS ON

SSaudIIPUl
SNoLas ON

SSaUIDRIIPU
SNOas ON

ssaudalIpUl
SNoLas ON

ssaulIpUl
SNOLas ON

SS2UIIRIIPU
Snouas

)

SS2UIIRIIPU

q
SNouas AISA

Jfouaisisuodul seq Jo
SNOWSS  YSU Snoas
Aoua3sIsuodul 45eIq Jo
SNOLSS ON  YSH Snouas
Aoua1sisuodul seiq 4o
SNOLSS ON  YSH Snopss
Aoua3sisuodul selq Jo
SNOLSS ON  ¥SH Snopss
Aoua1sisuodul seiq Jo
SNOLSS ON  YSH Snouag
AOU15ISUODUI seiq Jo ysu
Snopas oN Snouss oN

,|BUOND3S-5501D

o|0IU0D-9587)

4leuipnibuo

JuonusAl
pazIWopuUeI-UON

plDY pasaIsnd

elOd

or

L

“A]9A1103[gNSs 10 A|9AIID3[qO painseaw sem [Ng 10 (3)1uadiad YyisgZ DJD) Snieis yblam Jayiaym
Jeappun sem 11 ‘salpnis ¢ uj (3nuadiad yisgz DAD) snies 1ybram Aq AjaAindslgns pue ‘(Aswondiosge Ael-y ABIsus-|enp) xapul sSew Uea| ‘Xapul SSeu 1ej Yun.l ‘ssew 1ej o, ‘(Aswondiosge Aei-x
ABI1aua [enp) ssewl 9914 18} ‘(AydesbowsAyiaid uswade|dsip-ite ‘Anawondiosge Aes-x ABisua [enp) ssew 1ey ‘(AydesbowsAyiad Juswade(dsip-ie ‘Answondiosge Ael-x ABIaus [enp) xapul sseud 9914

18} ‘(AydesbowsAyiald Juswadedsip-lie ‘A1awondiosge Ael-x ABiaua |enp) xapul sseul 1e} ‘(Anawondiosge Ael-x ABiaus-jenp ‘@duepadull [BO1II9|9010) % 1B} APOQG ‘SSaUNDIYL POJUBS SALY ‘SPjojus
JO WINS ‘21025-Z 968-10§-30UISJUINDID ISIEM ‘(BIBP SDURI3J2) SPUBISYIDN]) 910152 9OUISJUINDIID Isiem ‘oles diy-03-1siem ‘aouiajuundi diy ‘(3]nusdiad ‘21njosge) aouIapuIndiD 1siem ‘(sajnuadiad
U162 PUB YI582 ‘562 d)nusdiad NG ‘8L < IING "elep duaijal d1dads-Aunod xaput dney ‘410l ‘OHM ‘DAD) sniels 1yBiem ‘sajnuadiad 1ybrem ‘Aybryaybiom ‘(elep sduijal d1dads-A11UN0d J9YI0
‘OHM DQD) 21035-Z |Ng ‘2105-Z 1ybIay-104-1ybram ‘|Ng AQ A|2AID(q0 passasse sem Alsodipy subisap Apnis [eUO[1295-5504D puUe ‘|0JIU0-95eD ‘dN-moj|04 Jeak- 01 dn yim [euipnibuo| ‘UoIIUSAIDIUI
PaZIWOpPUBI-UOU ‘] DY PaIRIsn|d ‘1 DY AQ Pa129]|0d 21am P1e( "SIBIA 9> -S¥9aMm 7 Woly pabuel abe suljaseq ‘pauiodal 10U sem 26 UBSW 2Iaym ‘SYIUOW §'6G-SHoaMm |1, Woly pabues sbe suljaseq uesjy

Aleno

12949 2IN[OSqY

siuedidiied

jo#

YO

uolsiaidu

SSouloallipu|

ADUD1SISUODU|  SeIq JO YSlY

1UBWISSasse AljenD

ubissQg

salpn1s
o4

Ausodipe pue Auande [edisAyd usamiaq diysuonelsl ayl L ajqel



Page 40 of 215

The Author(s) BMC Public Health 2017, 17(Suppl 5):854

‘[6S] Apmas | Ul (uou "SA ybiy 10U 1NQ dUOU “SA 21DIPaLULISIUI)
Aysodipe Yum paieidosse A|gpinoAby sem d dnsia

‘18] Apnas | ur Alisodipe yum paiedosse Jou sem yd Joopuj
‘l6¥] Apn3s L ul Ausodipe yim pajeidosse

(Ssbwi 10§ 96 ‘sspwi 1bj) Jou puUe ‘(Ng) Algpinoapjun ‘(ssou

221 10J) AjIgpinoAp) sem ainypuadxa ABiaud ANANDY

28 'y, '£9] sa1pms € ul Ausodipe

Yum paieldosse jou pue ‘[0s] Apnis | ul Ausodipe yim
pa1eosse Aiguinoapjun ‘68 '09 ‘SS ‘¥'S] SaIPNIS b Ul (Apnis |
Ul 22URJ3JUIN2JID 1SIDM pUD ‘Xapul SSbui 1pj ‘Ssbwl 104 ‘NG

10U INQ Xapul SSDW 3a1) 10y “Apnis | Ul Xapuj SSow Ubaf Jou
1NQ Xapul SSoUJ 1bj U} ‘Xapui sSoud 1oy ‘1bj Apoq 96 Apnis |
ur Ajuo sfoq) Ausodipe yum paieidosse A|gpinoapy sem YdA
98] Apmas L

ul Alsodipe Yum paieidosse 10U 2I19M SInoq ulw-§ YdAW
‘[£8-¥8 T8 '/£ "9/ '59] saIpMIs g Ul

Ausodipe yum pajeposse jou pue ‘[88 ‘69 /9] sa1pnis € Ul
(Apnis | Ul 22UJ3)UUN2JI> 1SIDM JOU ING 210S-Z )N pup Ajuo
sAoq) Ausodipe yim paieposse Aigpinoapjun ‘(68 ‘88 ‘09

'SS 'PS ‘67 SBIPMIS 9 Ul (ADNIS | Ul 22U42JWiN2I> 1SIDM 1O
31035-Z [y\g 10 S3j1ua24ad YIS/ ‘YISz ‘Yol 3yl Jou Inqg 3jnuadiad
Y106 Y3 1D 92UI3)Un2lID 1SIoM pup Aluo suib ‘Apnis | ul
30UJ2JUINDIID ISIDM 1O ‘Xapul SSOW 1DJ g J0U ING Xapul SSoul
221 1D pUD SSOW 1D} 94 “ApnIS | Ul Xapul SSOU UD3] 1O Xapul
SSOW 1bj YunJj Jou Inq Xxapul Ssowl 1oy pub 1oj Apoq 9 ‘Apnis |
ur Ajuo sAoq ‘Apnis | Ul ssoud 1bj ‘sSoud 234 1bj ‘g 10U Inq
Sspwi 1oy 9) Ausodipe Yum paleidosse A|gpinony sem YAAW
168 '5S] sa1pnis g ul Alsodipe yum paieidosse jou pue [0g]
Apms | ul Aysodipe yum pa1eidosse Algoinoapjun sem Yd
98] Apmas L

Ul Ausodipe yum paleidosse JoU 219M SINoq Ulw-S Yd

‘[£8 98 '¥8 9/ '/9 'GS] salpMIs 9 Ul

Ausodipe yum palelposse Jou pue ‘[6g8] Apmas | ul (xapul
SSDW UD3| pUD Xapu| SSDUI 1Dy 3uni} 10U INQ Xapu| SSbW 10y
pup 10j Apoq %) Ausodipe Yum palenosse Aiqpinorpjun

‘[05] ApMas | Ul (2/025-Z [yyg 10U INQ 2102S-Z 22UJ2JWNIID
1s1oMm) Alsodipe Yum pa1eidosse AqpinoAp) sem yd

'[98 78 '18 'S/ "€/ 'TL 'S9 VS 6V OF 'S] salpnIs LL

ul Ausodipe yum paieinosse Jou pue ‘[69 ‘99 ‘0] sa1pnis

€ Ul (Apnis | ul 22Ua42JWinduid JSIDM puD ‘Sassauyoiyl

PloJuBys “s3yblam aApjal 10U NG 32Ud4a4WindID diy pup

ADN3S | Ul 2102S-Z 22URJ3JUUN2JID 1SIDM JOU INQ 210IS-Z

IWg) Aisodipe yum pa1eidosse Algoinoapjun '[9 ‘€9

19’09 ‘95 ‘GG] SaIPNIS 9 Ul (Apnis | Ul aoU4)LUndiId

1SIDM 1O “Xapul SSDW 10j ‘g 10U INQ Xapul SSDW 94y

1D) pUD SSDW 1D 9% pUD apnyubpL J01I3A JO 3jiIU24ad Lusipelb
Y106 pUD 22UaJ2JWN2JID 1SIDM IO ‘Ssbud 10 ‘g 10U InQg 2WO0dIN0
Xapul SSoW 334 1) pub apniubpw J012aA JO 3jluadsad Y156 /31nsodx3
suedped RYO  uoispaldw ssouaUIPU]  ADULISISUODU|  Selq JO 3SiY saIpIs
Ajenp 10942 2INjosqy o4 1UBWISSasse AljenD ubisag jo#

(panuuo)) Alsodipe pue Alande [edisAyd usamiag diysuonesl ay] L djqel



Page 41 of 215

854

The Author(s) BMC Public Health 2017, 17(Suppl 5)

jualpelb awod1no/ainsodxa ue Jojy papelbdn Jou sem ‘uoneliwl SIYl JO 9sNed( (AdUDISISUODUI SNOLIDS PUR SBIQ JO MSI SNOLISS JO 9snedaq ,MO| AI9A, O} ,MO|, WOl) papeIbumop sem adUIPIAS Jo AllfenD,

[68 ‘88 ‘6¥] SaIPNIS € Ul paAIasqo sem Alsodipe 3siom Yim YdAIN ‘Vd1 pue ainipuadxe

Abiaua Ajiande Jaybiy 1o 1ualpelb v [68 ‘88 ‘8S ‘£S ‘SS ‘6] S9IPNIS 9 Ul paaIasgo sem Ausodipe 19119q yum uonednps [edisAyd pue ‘yd 10opino ‘ainyipuadxe ABisus Alande yda ‘VdAIW ‘VdL 49ybiy Joj 1usipesb v,
saIpn3s ssolde panIasqo Aysodipe pue AjaiRde [edisAyd usamiag SUOIRIDOSSE 3|qeINOARJUN PUR 3|geInoAR,

[68 'SS ‘6%] SaIpN1s € ul s|ppow paisnfpe Ajiny ay3 ul Joy paisnipe Ajjeninw 219M SINOIABYS( JUSWSAOW IY10 :sisAjeue |ednsiiels aleldoiddeur

A|lenualod ‘[z8 ‘09 ‘85] salpnis € ul aJ1ed pjiyd> buunp Ajuo painseaw sem AyAnde [edisAyd "[68 ‘28 ‘08 ‘89 ‘£9 ‘S9 ‘29 ‘/S ‘0S] SaIpMIs 6 Ul Ausodipe 01 paje[as sem elep Buissiw Jo Junowe abie| Y3 JI Je3PuUN sem

11 Jo ejep Buissiw pauejdxaun Jo Junowe 36.e7 [£8-58 ‘€8 ‘18 ‘08 'LL ‘9L ‘TL 'LL '69 'L9-19 ‘L9 '9S ‘0S ‘Sp] SAIPNIS 61 Ul 104 paisnpe aiam s1spunojuod [enuslod ON [#8 ‘08 ‘6L ‘SL ‘LL ‘0L '89 'S9-19 ‘6 ‘LS 'Sv] saipnis
GL ur ainseaw Auande [edisAyd aAindafgns ay) 1oy umousun saiuadoid duswoydAsd ‘[8 ‘89 ‘wS] saIpNIs € ul a1es uoneddiued Mo *[88 ‘98 ‘S8 £/ ‘9L ‘69 '£9 ‘€9 ‘T9 '9S ‘¥S] SAIPNIS || Ul pash sem a|dwes 92USIUSAUOD,
[68-1S ‘0S ‘6¥ ‘O ‘Si] S2IPNIS |RUOIIIDS-SSOUD O SOPN|dU],

selq JO 3SM SNOLISS JO asnedaq ,Mo| AI9A, 01 ,MO|, Woi) papeibumop sem aduapiAd Jo AlllenD,

[€5-16] saIpnis € ul sainseaw Auande [edisAyd aAndalgns ayi 1oy umouyun sanadoid du1awoydAsdy

[€S-1G] S91PNIS |0J3U0d-3seD € SIPN|PU|,

jualpesb asuodsal-asop e 10j papelbdn Jou sem ‘uonewl| SIyl JO 9SNLIIQ ‘Seiq JO HSI SNOLISS JO asNedaq ,Mo| AIsA, 01 MO, WOl papelbumop sem aJUspIAS Jo AlljenD,

[6%] Apnis | ul ainseaw Aysodipe ayy uo Buipuadap Ausodipe asiom pue

191199 Y10q Yyum paieldosse sem ainypuadxa Abiaus Alande 1aybiy Jo jusipelb asuodsal-asop v ‘[61 ‘] S91PNIS Ul paaIasqo sem Alisodipe Ja11ag YUM YdAIW PUe Yd diqolae Jaybiy jo juaipesb asuodsai-asop v,
[6¥7] S|opow paisnipe A|jnj ay3 Ul SINOIARYSQ JUSWSAOW JBYJ0 10} paisnipe Ajleninw Apnis auo :siskjeue [eonsiels aieudosddeur Ajjenusiod [Si ‘€] S91pNIs Z ul Joj paisnipe a1am siapunojuod [eiualod oN ‘[St] Apnis
| ul exep a19|dwodul pue dn-mojjo4 01 sso| pautejdxaun abieT [/t ‘St ‘] SaIpNIS € Ul saunseaw AlAnde [edisAyd aAndafgns syl 4oy umouyun saiuadoid ddWoYdAsd “[] Apnis | ul pasn sem ajdwes 9DUBIUBAUOD),
[6-€¥] sa1pnis Jeurpnyibuol £ sapnpul,

selq JO YSu SNOLISS JO asnedaq ,Mo| AI9A, 01 ,MO|, Wolj papelbumop sem adUapIAS Jo Alljend,

[z ‘o€] sa1pnis  ul Ayande [eaisAyd ui abueyd JuedIuB]s B Ul pa1Nsa) UOIUSAISIUL U3 I UMOUMUN S| 31 OS PaINSeaW J0u sem ANAIIE [ed1sAud “[i] Apnis | ul dnoib [0i3uod o,

[Z¥ ‘9€] suonUAAIRIUI paZIWopuUeRI-UOU T mmvs_uc_;.

$$9UJDBJIPUI SNOLIBS PUE SeIq JO 3SM SNOLISS JO ashedaq ,Mo|, 01 ,Ybiy, wolj papeibumop sem aoUspIAS JO AlljenDg

[Lt] Apnis | ul Alanoe [edisAyd ul abueyd juedyiubis e ul 3Nsal JoU pIp UOIIUSAIIUL ayl,

[s€] Apnas | ul Auande jedisAyd

ur abueyd juedyIubis e Ul PaYNSaI UOIUSAISIUI B JI UMOUNUN SI 11 OS PAINSeaW Jou sem AJAnDe [edisAyd [Li] Apnis | ul Alsodipe 01 pajejas sem axuepuane 10od J0j UoSeal 9yl JI UMOUNUN S| 11 PUB 981 Sem 3ied
PIIY> 1@ ddUEpUAE UESW dsnedaq Ajuewld elep Buissiw Jo Junowe abieT [E] APNIS | Ul painseaw A|9AND3(O Sem SWODINO0 3Y) Ji Jesjdun pue uonedojje dnoib 01 Papul|q SI9M SIOSSISSE SWIODINO JaYIBYM Jeapun,
[t ‘'SE-€€] S13Y pateIsnp ¢ sapnpuy,

$S9U1JBIIPUI SNOLIS AJ9A JO 9snedaq ,mol, 01 ,ybiy, woi papelbumop sem dUspIAS Jo AljenD,

[ot] Auanoe edisAyd ul abueyd Juedyubis e ul 3Nsal J0U PIP UOIUIAIRIUL ayl,

[o¥] 124 L sspnpul,

uonezijuebiQ YieaH PO :OHM ‘Aiande jedisAyd A1isuaiul-snolobin tydA ‘ANAnDe [edisAyd e10) iyd] ‘el pajjosauod paziwopuel ;1Y ‘AyAnoe [edisAyd :yd ‘Auanoe [edisAyd Aususiul-snosobia

0] -31e1apow AW ‘Aiaide [edisAyd Alsusiul-alesspow :ydw Alande [esisAyd Ausualui-aybi) tyd ‘92104 yse] A1saqO [euoneusalu] 4] Q] ‘UOUIARIJ pue [01U0D) 3seasiq oy $I91ud) DD Xapul ssew Apoq :|Ng

0] Apmis | ul

Ausodipe Yim paieposse jou sem uoleriodsuesy aandy
‘[1/] Apmas | ul Alisodipe yim pajenosse

Jou pue [59 ‘Z9] salpmis g Ul (Apnis | ul Aluo sAppyaam)
Ausodipe yum paieiposse Ajgpinoapy sem Kejd aandy

[£5) Apnas | ui Qisodipe

YUM Pa1eIDOSSe AIqpinoAb) sem yd paziuebio/painionis
[89] Apmas L ul (fjuo spub)

Ausodipe yum paleidosse Aigpinoapjun sem yods paziuebiQ
[€8'18-8/ '/ '€/ '19]

salpnis g ul Alisodipe yum pajenosse Jou pue [gs] Apnas |
ul Alsodipe yim paienosse A|qpinoAp) sem yd 100pInQ

suedped 1BYI0 uoispalduwi ssaupalIpU]  ADUSISISUODU| seiq Jo sy saIpIs

Ajenp 10942 2INjosqy o4 1UBWISSasse AljenD ubisag jo#

(panuuo)) Alsodipe pue Alande [edisAyd usamiag diysuonesl ay] L djqel



The Author(s) BMC Public Health 2017, 17(Suppl 5):854

Page 42 of 215

Author, Year Intervention Control

n MeanSD n MeanSD
Annesi, 2013 690 -0.14 0.73 464 -0.04 0.73
Jones, 2011 52 -0.10 0.63 45 -0.01 0.63
Krombholz, 2012 211 0.11 0.24 217 0.14 0.24
Mo-Suwan (boys), 1998 82 -0.33 0.55 88 -0.44 0.55
Mo-Suwan (girls), 1998 65 -0.67 1.04 57 -0.39 1.04
Total 1100 871

Heterogeneity: Chi*=6.99 (P=0.14), I*=43%
Overall effect: Z=1.21 (P=0.22)

Fig. 2 Meta-analysis of the effect of physical activity interventions on body mass index

Random Effects, MD [95% CI]
MD Weight
-0.10 30.7% =
-0.09 7.2% I
-0.03 44.4% -
0.11 14.2% T
-0.28  3.6% —_—
-0.04 100.0% -
-1 -0.5 0 0.5 1
Change in BMI (kg/m?)
Favours Favours
intervention control

For the three case-control studies, physical activity
was favourably associated with adiposity in one study
[51] and not associated with adiposity in two studies
[52, 53]. One study with null findings had an infant
and toddler sample [53]. In terms of the intensity or
type of physical activity, at least one favourable asso-
ciation was observed between outdoor physical activ-
ity and adiposity (1/2 studies). However, primarily
null associations were observed between each of the
following physical activity exposures and adiposity:
TPA, moderate-intensity physical activity (MPA), and
VPA (see Table 1). The quality of evidence was down-
graded from “low” to “very low” because of a serious
risk of bias (see Table 1).

For the 40 cross-sectional studies, physical activity was
favourably associated with adiposity for at least one as-
sociation in 12 studies [54—65], unfavourably associated
with adiposity for at least one association in four studies
[66—69], and not associated with adiposity in 20 studies
[45, 46, 70—87]; mixed findings were observed in four
studies [49, 50, 88, 89]. In two of the studies that
observed some favourable associations, primarily null
associations were observed [55, 64]. One study with
favourable findings [64] and one study with null findings
[45] had infant samples. Similarly, one study with null
findings had a toddler sample [86]. In regard to intensity
or type of physical activity, at least one favourable asso-
ciation was observed between each of the following and
adiposity: active play (2/3 studies), leisure physical activ-
ity (1/1 study), and structured/organized physical activity
(1/1 study); and at least one unfavourable association
was observed between organized sport and adiposity (1/
1 study). However, primarily null or mixed findings were
observed between each of the following physical activity
exposures and adiposity: TPA, LPA, LPA bouts, MPA,
MVPA, MVPA bouts, VPA, activity energy expend-
iture, active transportation, indoor physical activity,
and outdoor physical activity (see Table 1). The qual-
ity of evidence was downgraded from “low” to “very
low” because of a serious risk of bias and serious in-
consistency (see Table 1).

Motor development

The association between physical activity and motor de-
velopment was examined in 23 studies (21 unique sam-
ples; see Table 2 and Table S2 in Additional file 2).
Among the four RCTs, significant increases in motor de-
velopment were observed in the intervention groups
(planned passive cycling or structured/organized phys-
ical activity) compared to the control groups (standard
care) in three studies [90—-92]. One intervention involved
an infant sample [91]. In the fourth study, no significant
differences in motor development were observed be-
tween the intervention (parents received physical activity
recommendations from a nurse when their child was an
infant) and control (no recommendations) groups [40];
however, physical activity was not significantly different
between groups [40]. The quality of evidence was down-
graded from “high” to “low” because of a serious risk of
bias and serious indirectness (see Table 2).

In the two clustered RCTs, greater increases in total
motor development and jumping were observed in the
intervention group (structured/organized physical activity)
compared to the control group (standard care) in one
study; however, no such increases were seen in running,
hopping, catching, or kicking [33]. In the second study, no
significant difference was observed in motor skills be-
tween the intervention (government-led physical activity
program) and control (standard care) groups [41]. How-
ever, physical activity was also not significantly different
between groups [41]. The quality of evidence was down-
graded from “high” to “low” because of a serious risk of
bias and serious indirectness (see Table 2).

Among the six non-randomized interventions, signifi-
cant increases in at least one measure of motor develop-
ment were observed in the intervention group (free play
and structured activities, structured/organized physical
activity, dance program, or swimming) compared to the
control group (usual care) in five studies [36, 93-96],
and significant increases from baseline to follow-up in
the 12-m run and standing long jump were observed in
one study (structured/organized physical activity) [42].
However, for two of the interventions, more null than
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favourable effects were observed with the different
motor development measures [94, 96]. One intervention
had an infant sample at baseline [96]. The quality of evi-
dence was downgraded from “low” to “very low” because
of a serious risk of bias (see Table 2).

In the longitudinal study, higher duration of prone po-
sitioning at 4 months of age was favourably associated
with the earlier achievement of several developmental
milestones and gross motor development at 6 months but
not at 24 months of age [97]. However, no significant dif-
ferences were observed in fine motor development [97].
In separate analyses, no significant differences in motor
development at 6 and 24 months of age were observed be-
tween infants who had, versus had not, experienced prone
position at 4 months of age [97]. Apart from “crawled on
abdomen”, significant differences for achievement of de-
velopmental milestones were also not observed between
groups [97]. In further analyses comparing infants that
preferred prone position at 6 months of age to those that
did not, no significant differences were observed in gross
and fine motor development at 24 months of age; how-
ever, the prone-preference group achieved several devel-
opmental milestones significantly earlier [97]. The quality
of evidence was downgraded from “low” to “very low” be-
cause of a serious risk of bias (see Table 2).

Among the 10 cross-sectional studies, physical activity
was favourably associated with at least one measure of
motor development in seven studies [56, 67, 69, 97-100],
unfavourably associated with motor development in one
study [101], and not associated with motor development
in one study [86]; mixed findings were observed in one
study [81]. Three of the studies with favourable associa-
tions [97-99] and one study with unfavourable associa-
tions had infant samples [101]. One study with null
findings had a toddler sample [86]. For the intensity or
type of physical activity, at least one favourable association
was observed between each of the following physical activ-
ity exposures and motor development: MVPA (3/4 stud-
ies), VPA (1/1 study), indoor physical activity (1/1 study),
and prone position (3/3 studies). However, primarily null
or mixed findings were observed between each of the fol-
lowing physical activity exposures and motor develop-
ment: TPA, LPA, LPA bouts, MVPA bouts, and outdoor
physical activity (see Table 1). The quality of evidence was
downgraded from “low” to “very low” because of a serious
risk of bias (see Table 2).

Psychosocial health

The association between physical activity and psycho-
social health was examined in 11 studies (9 unique sam-
ples; see Table 3 and Table S3 in Additional file 2).
Among the two RCTs, greater increases in psychosocial
health were observed in the intervention groups (planned
passive cycling or dance program) compared to the
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control groups (standard care) [90, 102]. One of the inter-
ventions had an infant sample [90]. The quality of
evidence was downgraded from “high” to “moderate” be-
cause of a serious risk of bias (see Table 3).

In the clustered RCT, no significant differences in
quality of life were observed between the intervention
(government-led physical activity program) and control
(standard care) groups [41]. Physical activity was also
not significantly different between groups [41]. The
quality of evidence was downgraded from “high” to “very
low” because of a serious risk of bias and very serious
indirectness (see Table 3).

Among the two longitudinal studies, sport participa-
tion was favourably associated with psychosocial health
in one study [103], and TPA was favourably associated
with psychosocial health in one study [104] but not the
other [103]. The quality of evidence was downgraded
from “low” to “very low” because of a serious risk of bias
(see Table 3).

Among the six cross-sectional studies, physical activity
was favourably associated with at least one measure of
psychosocial health in one study [105], unfavourably as-
sociated with at least one measure of psychosocial health
in three studies [101, 106, 107], and not associated with
psychosocial health in two studies [108, 109]. However,
primarily null associations were observed in all studies.
One study with unfavourable associations had an infant
sample [101]. In regard to intensity or type of physical
activity, at least one favourable association was observed
between MVPA and psychosocial health (1/2 studies),
and at least one unfavourable association was observed
between bike riding and psychosocial health (2/2
studies). However, primarily null or mixed findings were
observed between each of the following physical activity
exposures and psychosocial health: TPA, exercise play,
rough-and-tumble play, and walking (see Table 3). The
quality of evidence was downgraded from “low” to “very
low” because of a serious risk of bias and serious incon-
sistency (see Table 3).

Cognitive development
The association between physical activity and cognitive
development was examined in 13 studies (13 unique
samples; see Table 4 and Table S4 in Additional file 2).
Among the two RCTs, significant increases in cognitive
development were observed in the intervention groups
(planned passive cycling or structured/organized physical
activity) compared to the control groups (standard care)
[90, 91]. One intervention involved an infant sample [90].
The quality of evidence was downgraded from “high” to
“moderate” because of a serious risk of bias (Table 4).

For the clustered RCT, significant increases in free
and/or cued recalls of previously learned Italian words
were observed in the physical activity intervention
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groups (physical activity to enact meaning of words and
physical activity unrelated to words) compared to the
control groups (no physical activity) [110]. The quality
of evidence remained at “high” (Table 4).

Among the four non-randomized interventions, a
significant increase in at least one measure of cognitive
development was observed in the intervention groups that
participated in the intervention (academic lessons, free
play, and structured activities) compared to the control
groups (standard care) in three studies [93, 111, 112], and
significant increases in children’s creativity at follow-up
compared to baseline were reported in one study [113].
The quality of evidence was downgraded from “low” to
“very low” because of a serious risk of bias (Table 4).

Among the three cross-over trials, at least one meas-
ure of cognitive development was significantly higher in
the physical activity condition (MVPA breaks, struc-
tured/organized physical activity) compared to the con-
trol condition (typical instruction, sedentary session) in
two studies [114, 115], and attention was significantly
higher after 10-, 20-, and 30-min outdoor recess condi-
tions in one study [116]. The quality of evidence was
downgraded from “low” to “very low” because of a ser-
ious risk of bias (Table 4).

Among the three cross-sectional studies, physical ac-
tivity was unfavourably associated with cognitive devel-
opment in one study [101] and not associated with
cognitive development in two studies [58, 109]. The
study with unfavourable associations had a sample of in-
fants [101]. In regard to intensity or type of physical ac-
tivity, at least one favourable association was observed
between TPA and cognitive development (1/2 studies).
However, MVPA and outdoor physical activity were not
associated with cognitive development (see Table 4). The
quality of evidence was downgraded from “low” to “very
low” because of a serious risk of bias (see Table 4).

Fitness

The association between physical activity and fitness was
examined in three studies (three unique samples; see
Table 5 and Table S5 in Additional file 2). In the longitu-
dinal study, TPA was favourably associated with cardio-
respiratory fitness [43]. The quality of evidence was
downgraded from “low” to “very low” because of a ser-
ious risk of bias (see Table 5).

Among the two cross-sectional studies, physical activ-
ity was favourably associated with at least one measure
of fitness in both studies [55, 117]. As for physical activ-
ity intensity or type, at least one favourable association
was observed between each of the following physical ac-
tivity exposures and cardiorespiratory fitness: TPA (2/2
studies), MVPA (1/1 study), and VPA (1/1 study). Simi-
larly, at least one favourable association was observed
between each of the following physical activity exposures
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and muscular fitness and speed-agility: TPA (1/1 study),
MVPA (1/1 study), and VPA (1/1 study). However, null
LPA and MPA were not associated with cardiorespiratory
fitness, muscular fitness or speed-agility (See Table 5). The
quality of evidence was downgraded from “low” to “very
low” because of a serious risk of bias (see Table 5).

Bone and skeletal health

The association between physical activity and bone and
skeletal health was examined in seven studies (seven unique
samples; see Table 6 and Table S6 in Additional file 2). For
the RCT, total bone mineral content in a baseline sample of
infants was not significantly different between the interven-
tion (structured/organized physical activity) and control
(fine motor activity) groups [118]. However, physical activ-
ity was also not significantly different between groups. The
quality of evidence was downgraded from “high” to “low”
because of very serious indirectness (see Table 6).

Among the six cross-sectional studies, favourable associ-
ations were reported between physical activity and at least
one measure of bone and skeletal health in five studies
[119-123], and null associations were reported in one
study [124]. One study with favourable associations had a
sample of infants [119]. In regard to intensity or type of
physical activity, at least one favourable association was
observed between each of the following physical activity
exposures and bone and skeletal health: TPA (2/3 studies),
MPA (1/2 studies), MVPA (2/3 studies), VPA (2/2 studies),
leisure time physical activity (1/1 study), outdoor physical
activity (3/3 studies), and weight-bearing physical activity
(1/1 study). Conversely, LPA was not associated with bone
and skeletal health (see Table 6). The quality of evidence
was downgraded from “low” to “very low” because of a
serious risk of bias (see Table 6).

Cardiometabolic health

The association between physical activity and cardiomet-
abolic health was examined in nine studies (eight unique
samples; see Table 7 and Table S7 in Additional file 2). In
the non-randomized intervention, children in the inter-
vention group (structured/organized physical activity) had
significantly lower diastolic blood pressure than the con-
trols (standard care) [125]. The quality of evidence was
downgraded from “low” to “very low” because of a serious
risk of bias (see Table 7).

Among the two longitudinal studies, physical activity
was not associated with any measure of blood pressure,
cholesterol, or triglycerides in one study [43], and mixed
findings with blood pressure were observed in the other
study, though primarily null associations were observed
[126]. In regard to intensity or type of physical activity,
at least one favourable association was observed between
aerobic physical activity and blood pressure (1/1 study),
and at least one unfavourable association was observed
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between leisure physical activity and blood pressure (1/1
study). Structured physical activity was not associated
with blood pressure [126]. Similarly, TPA was not associ-
ated with cholesterol or triglycerides (See Table 7). The
quality of evidence was downgraded from “low” to “very
low” because of a serious risk of bias (see Table 7).

Among the six cross-sectional studies, physical activity
was favourably associated with at least one measure of
cardiometabolic health in one study [127] and unfavour-
ably associated with cardiometabolic health in one study
[117]; null associations were found in three studies [66,
72, 126], and mixed findings were found in one study
[81]. In the study where some favourable associations
were observed, primarily null associations were observed
[127]. In regard to intensity or type of physical activity,
at least one favourable association was observed between
each of the following physical activity exposures and a
clustered risk score: TPA (1/1 study) and VPA (1/1
study). However, MPA and MVPA were not associated
with a clustered risk score. The following types of phys-
ical activity were not associated with blood pressure:
TPA, aerobic physical activity, indoor physical activity,
outdoor physical activity, leisure physical activity, and
structured physical activity. At least one favourable asso-
ciation was observed between TPA and cholesterol (1/2
studies), and at least one unfavourable association was
observed between outdoor physical activity and choles-
terol (1/1 study). However, indoor physical activity was
not associated with cholesterol. Similarly, TPA was not
associated with triglycerides (see Table 7). The quality of
evidence for the cross-sectional studies was downgraded
from “low” to “very low” because of a serious risk of bias
and serious inconsistency (see Table 7).

Risks/harm

The association between physical activity and risks/harm
was examined in four studies (four unique samples; see
Table 8 and Table S8 in Additional file 2). In the case
cross-over study, a high activity level, compared to a low
activity level, was unfavourably associated with injury risk
among toddlers, but activity level was not associated with
injury severity [128]. The quality of evidence remained at
“low” (see Table 8).

In the longitudinal study, findings differed based on
the season, with more outdoor time in the summer asso-
ciated with an increased likelihood of reporting a frac-
ture, and more outdoor time in the winter associated
with a decreased likelihood of reporting a fracture [129].
The quality of evidence was downgraded from “low” to
“very low” because of a serious risk of bias and serious
indirectness (see Table 8).

In the case-control study, cases (those with plagioce-
phaly) had an increased likelihood of being in the very in-
active/inactive/average group compared to the active/very
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active group [130]. Cases were also more likely to partici-
pate in a lower duration of prone position per day. The
quality of evidence was downgraded from “low” to “very
low” because of a serious risk of bias (see Table 8).

In the cross-sectional study, no associations were
observed between first age of tummy time or tummy
time duration and plagiocephaly [131]. Infants with a
lower frequency of tummy time were more likely to
have plagiocephaly in unadjusted models but not in
adjusted models. The quality of evidence was down-
graded from “low” to “very low” because of a serious
risk of bias (see Table 8).

Frequency and duration

The impact of different frequencies or durations of phys-
ical activity on health indicators could be compared only
across studies (i.e., within-study comparisons were not
possible), as most studies dichotomized physical activity
frequency and duration or had only a single- or two-arm
physical activity intervention.

In 19 experimental studies, times per day of intervention
delivery were reported [34, 35, 42, 90-95, 102, 111-116,
118, 125]. Regardless of frequency, the intervention had
favourable impacts on at least one health indicator in the
majority of studies (1 time/day, 14/15 studies; 2 times/day,
2/3 studies; 4 times/day, 1/1 studies). In 19 experimental
studies, times per week of intervention delivery were re-
ported or could be calculated [33, 35, 36, 42, 90-95, 102,
111-116, 118, 125]. Regardless of frequency, favourable
impacts on at least one health indicator were observed in
the majority of studies (1 time/week, 3/3 studies; 2 times/
week, 6/6 studies; 3-4 times/week, 6/6 studies; 5 times/
week, 0/1 study; 6 times/week, 0/1 study; 10 times/week,
2/2 studies; 24 times/week, 1/1 study).

Only five observational studies examined the association
between frequency of physical activity and a health indica-
tor [56, 71, 120, 121, 131]. In one study, participants who
engaged in TPA <5 times per week were significantly
more likely to have a motor difficulty compared to partici-
pants who engaged in TPA >5 times per week [56]. It is
important to note that this study measured TPA with a
questionnaire; therefore, LPA was likely underestimated
or not captured [11]. In one bone and skeletal health
study, vitamin D levels were significantly lower in children
who participated in 0, 1-5, 6-10, 11-15, or 16-20 times per
month, compared to children who participated in outdoor
physical activity 26-31 times per month [120]. However, in
a second study, only children with no outdoor physical ac-
tivity were significantly more likely to have lower vitamin
D status compared to children who participated in out-
door physical activity 26-31 times per month [121]. In an-
other study, infants who participated in the prone position
<3 times per day were significantly more likely to have
plagiocephaly in the unadjusted but not in the adjusted
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models [131]. Similarly, the proportion of girls or boys
participating in active play <7 times per week was not sig-
nificantly different between non-obese and obese groups
in one study [71].

In 17 experimental studies, duration of intervention
delivery per day was reported [34-36, 42, 90, 91, 93-95,
111-116, 118, 125]. Regardless of duration, favourable
impacts on at least one health indicator were observed
in the majority of studies (10-15 min/day, 3/3 studies;
15-20 min/day, 0/1 study; 20-40 min/day, 7/8 studies;
45-60 min/day, 8/8 studies; note one study included
three different durations that all had favourable impacts
but statistical comparisons between groups were not made
[116]). In 18 experimental studies, total duration of inter-
vention delivery per week was reported or could be calcu-
lated [35, 36, 42, 90, 91, 93-96, 102, 111-116, 118, 125].
Regardless of duration, favourable impacts on at least one
health indicator were observed in the majority of studies
(10-30 min/week, 5/5 studies; 45 min/week, 2/2 studies;
70-100 min/week, 5/6 studies; 105-240 min/week, 5/7 stud-
ies; 300 min/week, 1/1 study; note one study included three
different durations that all had favourable impacts but stat-
istical comparisons between groups were not made [116]).

As for duration, 17 observational studies examined the
association between duration of physical activity and a
health indicator [45, 47, 53, 56, 58, 63, 73, 74, 78, 79, 98,
99, 106, 120, 129-131]. In infants, =5 h per day of unre-
stricted moving time was associated with favourable
changes in one measure of adiposity in one study [45].
Additionally, >30 min of prone position per day in one
study [98] and =60 min of prone position per day in an-
other study [99] were associated with more favourable
motor development scores or an increased likelihood of
achieving motor development milestones at an earlier age.
While >5 min of prone position per day was favourably
associated with plagiocephaly in one study [130], >5 min
of prone position per day was not associated with plagio-
cephaly in another study [131]. For toddlers and/or pre-
schoolers, one study found that those who participated in
TPA for =7 h per week were significantly less likely to be
overweight or obese [63], and a second study found that
those who participated in TPA for <840 min per week
(<14 h per week) were significantly more likely to have a
motor difficulty [56]. In one study, unfavourable associa-
tions between >2 h of exercise per day and psychosocial
health were observed in boys but not in girls [106].

Six studies examined the association between dur-
ation of outdoor physical activity and a health indicator
[53, 58, 78, 79, 120, 129]; the findings were mixed. Spe-
cifically, >30 min of outdoor physical activity per day
was favourably associated with adiposity [58]; =1 h per
day was favourably associated with bone and skeletal
health [120]; and >28 h per week were unfavourably as-
sociated with risks/harm [129]. Null associations were
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observed between outdoor physical activity and adipos-
ity in three studies [53, 78, 79], using a > 1 h per day,
>2 h per day, and >7 h per week cut-points. Null asso-
ciations were also observed in the remaining three
studies that examined duration of physical activity [47,
73, 74]. For instance, the following durations were not
associated with adiposity: 22 h of active play per week-
day and >4 h per weekend day in one study [73],
<60 min of VPA per day outside of kindergarten in one
study [74], and <51.43 min per day of physical activity
at home and <34.59 min per day of structured physical
activity in one study [47].

Discussion
In this systematic review, evidence from 96 studies and
71,291 unique participants was synthesized to examine
the relationships between objectively and subjectively
measured physical activity and health indicators in the
early years. For experimental studies, physical activity was
consistently (>60% of studies) associated with improved
motor development, cognitive development, psychosocial
health, and cardiometabolic health. For observational
studies, physical activity was consistently associated with
favourable motor development, fitness, and bone and skel-
etal health. However, physical activity was not consistently
associated with adiposity or risks/harm across study de-
signs, and significant differences between intervention and
control groups in BMI were not observed in the meta-
analysis. Although some high-quality evidence was in-
cluded, the vast majority of evidence was of “low” to “very
low” quality. A high-level summary is provided in Table 9.
Where possible, evidence on the association between
the dose (i.e, frequency, intensity, duration, and type) of
physical activity and health indicators was also synthe-
sized. Various frequencies of physical activity were asso-
ciated with health indicators, but the most favourable
frequency of physical activity to obtain health benefits
was unclear. In regard to intensity of physical activity,
LPA and MPA were not consistently associated with any
health indicators; whereas TPA, MVPA, and VPA were
consistently associated with multiple health indicators.
In terms of duration of physical activity, the evidence in-
dicated that for infants, 230 min per day in the prone
position accumulated throughout waking hours was as-
sociated with health benefits. However, for toddlers and
preschoolers, the duration of physical activity needed to
obtain health benefits was unclear. In regard to type of
physical activity, consistent favourable associations with
at least one health indicator were observed across mul-
tiple studies for a variety of different types of physical
activity, including active play, aerobic, dance, prone pos-
ition (infants), and structured/organized. Finally, some
evidence existed to indicate that more physical activity
was associated with greater health benefits.
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Table 9 High-level summary of findings by health indicator across all, experimental and observational study designs

Health indicator # of Quality of evidence Summary of findings®
studies Experimental study designs  Observational study designs  All designs
Critical
Adiposity 57 Very low to low Favourable: 2 studies Favourable: 16 studies Favourable: 18 studies
Null: 5 studies Null: 25 studies Null: 30 studies
Unfavourable: 0 studies Unfavourable: 4 studies Unfavourable: 4 studies
Mixed: O studies Mixed: 5 studies Mixed: 5 studies
Motor development 23 Very low to low Favourable: 10 studies Favourable: 8 studies Favourable: 18 studies
Null: 2 studies Null: 1 study Null: 3 studies
Unfavourable: 0 studies Unfavourable: 1 study Unfavourable: 1 study
Mixed: O studies Mixed: 1 study Mixed: 1 study
Psychosocial health 11 Very low to moderate  Favourable: 2 studies Favourable: 3 studies Favourable: 5 studies
Null: 1 study Null: 2 studies Null: 3 studies
Unfavourable: 0 studies Unfavourable: 3 studies Unfavourable: 3 studies
Mixed: O studies Mixed: O studies Mixed: O studies
Cognitive development 13 Very low to high Favourable: 10 studies Favourable: 0 studies Favourable: 10 studies
Null: 0 studies Null: 2 studies Null: 2 studies
Unfavourable: 0 studies Unfavourable: 1 study Unfavourable: 1 study
Mixed: O studies Mixed: O studies Mixed: O studies
Fitness 3 Very low Favourable: 0 studies Favourable: 3 studies Favourable: 3 studies
Null: 0 studies Null: 0 studies Null: 0 studies
Unfavourable: 0 studies Unfavourable: 0 studies Unfavourable: 0 studies
Mixed: 0 studies Mixed: 0 studies Mixed: 0 studies
Important
Bone and skeletal health 7 Very low to low Favourable: 0 studies Favourable: 5 studies Favourable: 5 studies
Null: 1 study Null: 1 study Null: 2 studies
Unfavourable: 0 studies Unfavourable: 0 studies Unfavourable: 0 studies
Mixed: O studies Mixed: O studies Mixed: 0 studies
Cardiometabolic health 9 Very low Favourable: 1 study Favourable: 1 study Favourable: 2 studies
Null: 0 studies Null: 4 studies Null: 4 studies
Unfavourable: 0 studies Unfavourable: 1 study Unfavourable: 1 study
Mixed: O studies Mixed: 2 studies Mixed: 2 studies
Risks/harm 4 Very low to low Favourable: 0 studies Favourable: 1 study Favourable: 1 study

Null: 0 studies
Unfavourable: 0 studies
Mixed: 0 studies

Null: 1 study
Unfavourable: 1 study

Mixed: 1 study

Null: 1 study
Unfavourable: 1 study

Mixed: 1 study

Favourable: at least one favourable but no unfavourable associations were observed; Unfavourable: at least one unfavourable but no favourable associations
were observed; Null: no favourable or unfavourable associations were observed; Mixed: both favourable and unfavourable or favourable, unfavourable, and null
associations were all observed. Bold font indicates > 60% of studies were in the favourable or unfavourable direction

This review builds on a previous systematic review con-
ducted in 2012 that synthesized the evidence from 22
studies on the association between physical activity and
health indicators among infants, toddlers, and pre-
schoolers [7]. In contrast to the previous review (where
cross-sectional study designs were excluded a priori), the
present review included all study designs, thereby greatly
increasing the evidence base; specifically, 55 cross-

sectional studies were included. Not surprisingly, the evi-
dence base also increased with time: a total of 45 of the
studies included in the present study were published in
2012 or later (27 of those were cross-sectional). Due to a
more comprehensive search strategy compared to the pre-
vious review, 17 additional studies, published in 2011 or
earlier were also included. However, 12 studies included
in the previous review were excluded in the present review
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because of changes in inclusion criteria (e.g., sample size)
[132-143].

Despite the differences in the studies considered, the
present review gathered similar results as the previous re-
view [7]: both found that physical activity was favourably
associated with motor development, cognitive develop-
ment, psychosocial health, bone and skeletal health, and
cardiometabolic health. This is in line with other reviews
that have been published since 2012 on physical activity
and single health indicators, including cognitive develop-
ment in early childhood (aged 0-6 years) [19], psychosocial
health in early childhood [21], and motor development in
preschoolers [22]. However, it was acknowledged in both
the psychosocial health and cognitive development re-
views that the evidence was limited [19, 21].

In contrast to the review published by Timmons and
colleagues in 2012 [7], favourable associations were not
consistently observed between physical activity and adi-
posity in the present review. Although some favourable
associations were observed, a large number of null asso-
ciations were also observed, as well as some unfavour-
able and mixed associations (Table 9). Furthermore, no
significant differences in BMI between intervention and
control groups were observed in the meta-analysis of
four studies. It is important to note that the bulk of studies
used surrogate adiposity measures, such as BMI, whereas
bioelectrical impedance [40], air-displacement plethysmog-
raphy via the pediatric option for the BodPod [55], or dual
energy X-ray absorptiometry [46, 49, 89] were used to
measure adiposity in only five out of the 57 studies. Fur-
thermore, the use of subjective physical activity measures
that had unknown psychometric properties and neglecting
to account for potential confounders (e.g., diet) within ana-
lyses were commonly identified risks of bias that may have
affected the findings (Table 1). Alternatively, it could be that
physical activity is not strongly associated with adiposity in
the early years, and other factors such as diet and sleep are
more important predictors in this age group [144, 145].
This conclusion is partly supported by the clearer evidence
for the impact of physical activity on more rapidly develop-
ing health indicators such as motor development, psycho-
social health, and cognitive development in the present
review, where similar risk of bias limitations existed.

To better understand the commonly examined rela-
tionship between physical activity and adiposity in the
early years, there is no need for more low-quality evi-
dence; rather, what is needed is higher-quality evidence
from strong study designs that address current limita-
tions, including the use of objective measures of physical
activity, direct measures of adiposity, and study designs
or analyses that account for potential confounding fac-
tors. Given that adiposity was by far the most commonly
studied health indicator, the focus of future high-quality
physical activity and adiposity research should be
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balanced with the need for high-quality research that in-
cludes other health indicators in this age group.

Given that the current review included substantially
more evidence than previous reviews, sub-analyses on the
dose of physical activity, including frequency, intensity,
duration, and type were possible. Intensity of physical
activity was commonly examined in observational studies
and in three experimental studies [111, 112, 115]. Previous
research has shown that most of the physical activity that
preschool-aged children participate in is of light intensity
[11, 16, 17]. For instance, it was reported in a systematic
review examining objectively measured physical activity
and sedentary time that preschoolers spent an average of
2.2 h per day in LPA compared to 47 min per day in
MVPA [11]. Interestingly, in the present review, the higher
intensities of physical activity (MVPA and VPA), but not
the lower intensities of physical activity (MPA and LPA),
were consistently associated with multiple health indica-
tors. However, it is important to note that most TPA con-
sists of LPA, and several favourable relationships between
TPA and health indicators were observed. Moreover, the
majority of this evidence was in preschool-age samples.
Overall, these findings suggest that some developmentally
appropriate MVPA may be needed for health benefits at
least for preschool-aged children, while acknowledging
the inherent limitations of accelerometer cut-points to
distinguish different intensities of physical activity [146].
In terms of LPA, there is some evidence in youth [147]
and in adults [148] that physical activity at the higher end
of the LPA spectrum compared to the lower end of the
spectrum may be more beneficial for health but this is
masked when looking only at total LPA. Future research
should examine whether this is also the case for the early
years, including infants, toddlers, and preschoolers.
Such knowledge will help to determine whether activ-
ities at the upper end of the LPA spectrum should be
targeted and promoted over lower intensities for
health benefits in the early years.

Across both observational and experimental studies in
the present review, a wide variety of types of physical activ-
ity were examined. The finding that structured/organized
physical activity was favourably associated with health
indicators in the present review is consistent with a recent
systematic review on organized physical activity and health
in preschool children [23]. In contrast to another recent
systematic review, which reported favourable associations
between risky outdoor play (i.e., play where children can
disappear/get lost, great heights, rough-and-tumble play)
and health [20], primarily null associations were observed
between rough-and-tumble play or outdoor play and
health indicators in the present study. However, it is im-
portant to note that the age groups differed between the
two reviews, with the risky outdoor play review including
children aged 3-12 years. Furthermore, the outdoor
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physical activity studies in the present review were
not focused on “risky” outdoor play per se. Neverthe-
less, the favourable associations between a number of
different types of physical activity and health indica-
tors suggest that children in the early years should
participate in a variety of physical activities for the
most health benefits.

It was difficult to draw conclusions about the specific
frequency or duration of physical activity that is needed
for health benefits because only a small proportion of
the included studies examined these dose parameters.
Furthermore, most observational studies dichotomized
physical activity frequency or duration, and no clear pat-
tern was observed across studies for toddlers and pre-
schoolers. For experimental studies, most involved a
single- or two-arm intervention. Additionally, it was not
possible to quantify total daily frequency or duration of
physical activity because physical activity outside of the
intervention was not usually taken into account or even
measured. Despite these limitations, sparse but consist-
ent evidence in infants indicates that at least 30 min of
prone position or tummy time per day accumulated dur-
ing waking hours appears beneficial, in particular for
motor development. This aligns with the recommendation
from the Canadian Paediatric Society, which suggests at
least 10-15 min of tummy time, three times per day [149].
Unfortunately, it is not possible to draw specific conclu-
sions on frequency and duration of physical activity for
health benefits in toddlers and preschoolers. Current
physical activity guidelines in Canada, Australia, and the
United Kingdom recommend accumulating 180 min per
day of any intensity in these age groups. According to the
previously mentioned review by Hnatiuk and colleagues
[11], this daily recommendation does align with average
prevalence estimates in preschool-aged children (2.2 h or
132 min of LPA + 47 min of MVPA).

Despite not being able to make specific conclusions re-
garding frequency and duration of physical activity
needed for health benefits in toddlers and preschoolers,
some evidence existed across age groups that more
physical activity is better for health. Specifically, this was
supported in 13 studies by dose-response evidence or an
exposure/outcome gradient for cross-sectional studies,
primarily through continuous data [44, 49, 55, 57, 58,
67, 88, 89, 100, 104, 119, 123, 129]. Furthermore, 20 out
of the 24 included experimental studies observed
favourable associations with at least one health indicator.
Although some behaviour compensation could have oc-
curred, it is likely that the majority of the physical activity
accumulated as part of the intervention was in addition to
children’s baseline physical activity. Therefore, this experi-
mental evidence also supports the overall conclusion that
more physical activity is better for health. However, to
understand the specific frequency and duration of physical
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activity needed for health benefits across the early years,
further dose-response evidence is needed. Specifically, this
should include observational studies that compare mul-
tiple categories of physical activity frequency and duration
in relation to health indicators, and experimental studies
that compare multiple intervention arms with different
frequency and duration of physical activity in relation to
health indicators. Experimental studies should also take
into account baseline physical activity levels.

This discussion has already highlighted a number of
research gaps and limitations that need to be ad-
dressed by future research; however, there are additional
gaps and limitations that also warrant attention. For in-
stance, most of the evidence included in this review was
based on preschool-aged children. Given the vast develop-
mental differences in early years age groups [6], the find-
ings observed in preschool-aged children may not be
generalizable to infants and toddlers. Therefore, future
research should examine the relationships between phys-
ical activity and health indicators specifically in infants and
toddlers to ensure developmentally appropriate doses of
physical activity are being identified, recommended, and
promoted. Part of this work may involve determining how
to most accurately measure physical activity in infants and
toddlers. In fact, objective measures of physical activity
were used in only two studies with samples classified as in-
fants or toddlers [86, 118], although the measurement of
physical activity was a limitation observed across all age
groups in the present review. Specifically, as noted in the
risk of bias assessments, subjective measures of physical
activity with unknown psychometric properties were com-
monly used. It is known that the sporadic and intermittent
nature of physical activity in the early years makes it diffi-
cult to accurately capture physical activity with subjective
measures [146]. Furthermore, although objective measures
of physical activity were used in 35 studies, primarily
with accelerometers, heterogeneity in data collection
(e.g, monitor placement, epoch length) and reduction
(non-wear time definitions, removal of naps, cut-points)
procedures across studies may have contributed to the in-
consistency of some findings. This may explain why simi-
lar conclusions were found across health indicators in the
present review when comparing studies that used
objective versus subjective measures of TPA as the ex-
posure. Therefore, identifying the most appropriate
accelerometer data collection and reduction procedures
for early years children should be explored in future re-
search so that these procedures can be standardized
across studies. Furthermore, among the 24 experimen-
tal studies, 15 did not measure physical activity, so it
was unclear if the intervention was in fact successful in
changing physical activity levels. Therefore, baseline
and follow-up measures of physical activity should be
included in future interventions.
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Along with the evidence gaps and limitations associ-
ated with age groups studied and physical activity meas-
urement, limited studies were available for a number of
the health indicators. For example, there were 10 or
fewer included studies for each of the following health
indicators: psychosocial health, fitness, bone and skeletal
health, cardiometabolic health, and risks/harm. Future
high-quality research that increases the evidence base
for these health indicators is needed. Additionally, while
only three studies were included for fitness, some over-
lap existed between fitness and motor development cat-
egories (e.g., standing long jump versus standing broad
jump; 12-m run versus 20-m shuttle run). Consensus is
needed on what measures constitute fitness versus
motor development in this age group.

One strength of the present systematic review was the
use of a comprehensive search strategy that was both de-
veloped and peer-reviewed by librarians with expertise
in systematic reviews. Another strength was the broad
scope of the review through the inclusion of all study
designs, both subjective and objective measures of phys-
ical activity, multiple health indicators, and multiple age
groups (i.e. infants, toddlers, and preschoolers). Further-
more, the conduct of sub-analyses on dose of physical
activity was a notable strength of the review, as was the
meta-analysis of four adiposity interventions. Finally, the
use of the established GRADE framework to guide the
review and assess the quality of evidence was an add-
itional strength [28].

The present review also had several limitations, in-
cluding English and French language limits for feasibil-
ity, as well as sample size restrictions for both feasibility
and generalizability. It is possible that studies published
in other languages or with smaller sample sizes might
have provided additional insight, especially for health indi-
cators where evidence was limited. Furthermore, while a
meta-analysis was conducted on four included studies,
due to the large heterogeneity of the study designs and
measured outcomes, the majority of findings were based
on a narrative synthesis that weighted all studies equally.
For some health indicators, conclusions from the narrative
synthesis had to be drawn from a small number of studies.
Furthermore, it was not possible to do sensitivity analyses
between higher- and lower-quality evidence because the
vast majority of evidence was “low” to “very low” quality.

Conclusions

This review synthesized evidence from 96 studies on the
health implications of physical activity in the early years.
Physical activity was consistently found to be favourably
associated with a broad range of health indicators. Sev-
eral types of physical activity, especially prone position
for infants, TPA, and physical activity of at least moder-
ate to vigorous intensity, particularly for preschool-aged

Page 59 of 215

children, were consistently found to be favourable with a
number of health indicators. Although it was not pos-
sible to identify the specific frequency and duration of
physical activity needed for health benefits in all age
groups, it was consistently observed that more physical
activity (in terms of frequency or duration) was better
for health. Therefore, it can be concluded that it is im-
portant to promote physical activity in the early years.
The findings of this review will help to inform evidence-
based guidelines to facilitate physical activity promotion
aimed at optimizing the overall health of our youngest
children. Given that the study of physical activity in the
early years is still a relatively new area of inquiry, future
research should focus on addressing a number of gaps
and limitations mentioned in this review, in order to
strengthen the evidence base and accurately inform fu-
ture health promotion efforts.
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