
Vol.:(0123456789)

Sports Medicine 
https://doi.org/10.1007/s40279-024-02136-8

SYSTEMATIC REVIEW

DE‑PASS Best Evidence Statement (BESt): A Systematic Review 
and Meta‑analysis on the Effectiveness of Trials on Device‑Measured 
Physical Activity and Sedentary Behaviour and Their Determinants 
in Children Aged 5–12 Years

Mohammed Khudair  · Anna Marcuzzi  · Gavin Daniel Tempest  · Kwok Ng  · Ratko Peric  · František Bartoš , et al. [full 
author details at the end of the article]

Accepted: 10 October 2024 
© The Author(s) 2024

Abstract
Background  To combat the high prevalence of physical inactivity among children, there is an urgent need to develop and 
implement real-world interventions and policies that promote physical activity (PA) and reduce sedentary behaviour (SB). 
To inform policy makers, the current body of evidence for children’s PA/SB interventions needs to be translated.
Objectives  The current systematic review and meta-analysis aimed to identify modifiable determinants of device-measured 
PA and SB targeted in available intervention studies with randomized controlled trial (RCT) and controlled trial (CT) designs 
in children and early adolescents (5–12 years) and to quantify the effects of the interventions within their respective settings 
on the determinants of PA/SB and the outcomes PA and SB.
Methods  A systematic search was conducted in MEDLINE, PsycINFO, Web of Science, SPORTDiscus and CENTRAL. 
Studies were considered if they were randomized controlled trials (RCTs) or controlled trials (CTs), included children and/
or early adolescents (5–12 years; henceforth termed children), measured PA and/or SB using device-based methods and 
measured PA and/or SB and determinants of PA/SB at least at two timepoints. Risk of bias was assessed using the Cochrane 
Risk of Bias Tool for Randomised Trials (RoB2) for RCTs and Risk of Bias in Non-randomised Studies of Interventions 
(ROBINS-I) for CTs. The quality of the generated evidence was assessed using Grading of Recommendations Assessment, 
Development and Evaluation (GRADE). Robust Bayesian meta-analysis was conducted to quantify the effects of the interven-
tions on the determinants of PA/SB, and the outcomes PA and SB, stratifying by study design, duration of PA/SB measure-
ment, intervention setting and duration of follow-up measurement. Study characteristics and interventions were summarized.
Results  Thirty-eight studies were included with a total sample size of n = 14,258 (67% girls). Settings identified were school, 
family/home, community and combinations of these. The review identified 38 modifiable determinants, spanning seven 
categories on individual, interpersonal and physical environmental levels, with 66% of determinants on the individual level. 
Overall, the results indicated trivial-to-moderate effects of the interventions on the determinants of PA and SB, with mostly 
trivial level of evidence for the presence of an effect (as indicated by a small Bayes factor; BF10 < 3.00). The exceptions were 
moderate effects on parental PA modelling in the family/home setting and SB measured during specific parts of the school 
day. Higher quality of evidence was found in the family/home setting compared with other settings.
Discussion  Overall, the results indicated that interventions have neither been effective in modifying the determinants of PA/
SB, nor changing the PA/SB outcomes in children. In general, the approach in the current review revealed the breadth of 
methodological variability in children’s PA interventions. Research is needed to address novel approaches to children’s PA 
research and to identify potential determinants to inform policy and future interventions.
Registration  International prospective register of systematic reviews (PROSPERO): CRD42021282874.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40279-024-02136-8&domain=pdf
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Key Points 

The results of the current systematic review and meta-
analysis indicated that interventions have not been 
effective in promoting physical activity and reducing 
sedentary behaviour. The effects on the determinants of 
physical activity/sedentary behaviour were mixed but 
overall small.

The family/home setting showed overall higher qual-
ity of evidence as assessed by GRADE. Determinants 
involving parents, including co-physical activity, parental 
physical activity modelling and parenting for physical 
activity, showed promise.

The current systematic review and meta-analysis high-
lighted the methodological variability in physical activity 
interventions and the continued need for theory-based 
interventions. Gaps were identified relating to policy-
based factors on the environmental level and individual 
level.

1  Introduction

Physical inactivity contributes to the rising global obesity 
crisis and the accompanying risks for non-communicable 
diseases [1]. Despite the well-known positive effects of 
physical activity (PA) and the detrimental effects of sed-
entary behaviour (SB) on physical and mental health, the 
majority of children do not meet the PA levels recommended 
by the World Health Organization (WHO)—at least a daily 
average of 60 min moderate-to-vigorous PA (MVPA)[2–5]. 
Additionally, starting from the age of 7 years, children 
become less active as they grow into adolescents, which may 
have a negative impact on their growth and maturation [6, 
7]. The WHO recommends children limit the time spent in 
SB, particularly recreational screen time [3]. According to 
the guiding objectives of the European Workplan on Sport 
2021–2024, there is an urgent need to put forth evidence-
based policies to promote participation in sports and health-
enhancing PA among children to combat the low levels of 
PA and high levels of SB [8, 9]. However, the factors behind 
children’s PA/SB engagement are still not sufficiently under-
stood and translated well enough to inform policy makers 
[10, 11]. To inform policy and implementation of interven-
tions in the real world, a first step is to identify modifiable 
determinants of PA/SB and prioritize the most effective ones 

to target [8, 12, 13]. Furthermore, since modifiable determi-
nants may be linked to specific settings (e.g. home, school 
etc.), the settings of interventions must be considered when 
assessing their effect [8, 14]. Previous reviews identifying 
determinants and correlates of PA/SB highlighted issues 
related to overall low methodological quality in the meas-
urement of outcomes, methodological variability relating 
to high levels of heterogeneity among studies, and the reli-
ance mostly on self-report measures of PA/SB [15–18]. By 
nature, PA/SB are diverse behaviours and are influenced by 
many types of context dependent determinants [8, 10–12].

A large body of research has explored the correlates of 
PA/SB in children, mainly examining their associations in 
cross-sectional designs [16–19]. However, to identify modi-
fiable determinants of PA/SB for real-world interventions 
and policy, the causality between identified determinants 
and PA/SB, and the modifiability of the determinants need 
to be examined [8, 10, 11, 20, 21]. Prospective experimen-
tal designs, including randomized controlled trials (RCTs) 
and controlled trials (CTs), can test for causal associations 
between PA/SB and their determinants. Specifically, RCTs 
and CTs allow verification of the causal associations by test-
ing manipulated exposures (determinants) and evaluating 
the effects on PA/SB while controlling for lack of expo-
sure [11, 22]. As such, RCTs and CTs allow both testing of 
the level of modifiability of determinants and provision of 
robust evidence for causality between manipulation of deter-
minants and change in PA/SB [8, 22]. The goal of the cur-
rent review was to contribute to a Best-Evidence Statement 
(BESt) aimed at informing public policies and interventions 
based on high-quality evidence regarding the key modifiable 
determinants of PA/SB in specific settings that should be 
prioritized and targeted [23].

The settings in which interventions are conducted have 
received much attention in recent years [14, 24, 25]. To what 
extent a determinant can be modified to achieve change in 
PA/SB is highly dependent on the setting of the interven-
tion. Settings refer to social and geographical contexts, 
which can either be adapted to facilitate change in PA/SB, 
acting as a modifiable determinant itself, or facilitate modi-
fiability of other determinants to achieve change in PA/SB 
[14]. A settings-based approach can therefore help identify 
which determinants underpin PA/SB and unravel how mul-
tiple determinants may interact to influence PA/SB [24]. 
Determinants of PA/SB can be further contextualized from 
a social-ecological perspective [26]. Using the social-eco-
logical model as a classification framework of determinants 
can help policymakers target them within their respective 
domains and settings (e.g., through school/organization) and 
thereby increase the likelihood of effective interventions. As 
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such, the current review addresses the calls for a settings-
based approach to identifying (modifiable) determinants of 
PA/SB to inform policy, both on intra-/interpersonal levels 
and societal/policy levels [8, 14, 21, 27].

Moreover, the methods of measurement of PA/SB (e.g. 
device-based and self-report measures) need to be consid-
ered. Different methods of measurement of PA/SB may not 
yield comparable results, which adds to methodological vari-
ability and inconsistency in results [28–30]. For example, 
both device-based and self-report measures of PA have been 
found reliable and valid in children, but they do not measure 
the same aspects of PA [28, 31]. Studies comparing self-
report and device-based methods for the measurement of 
PA in children have shown that self-report measures overes-
timate PA levels, particularly at higher intensities [30–32]. 
Therefore, as device-based measures involve continuous 
accelerometer-based PA/SB tracking, they may be particu-
larly useful in children as they do not rely on recall [30]. 
Additionally, focussing only on device-based measurement 
of PA/SB can help mitigate methodological variability, 
which can contribute to inconsistency in results.

Due to the complexity of PA/SB interventions, few 
reviews on the determinants (or correlates) of PA/SB in 
children have conducted meta-analyses, leaving a gap con-
cerning the effectiveness of interventions on determinants 
of PA/SB [15, 33]. Additionally, previous meta-analyses 
have mainly focussed on one specific setting (e.g. school or 
family) and, to the authors’ knowledge, none to date have 
provided a comprehensive overview on the effectiveness 
of interventions across settings [33, 34]. Finally, the cur-
rent review used Bayesian meta-analysis, which provides 
nuanced conclusions and realistic measures of heterogeneity 
and adjusts for publication bias [35]. Therefore, the current 
systematic review and meta-analysis aimed to identify modi-
fiable determinants of device-measured PA and SB targeted 
in available intervention studies with RCT and CT designs in 
children and early adolescents (5–12 years old) and quantify 
the effects of the interventions within their respective set-
tings on the determinants of PA/SB, and the outcomes PA 
and SB. More specifically, the aim was three-fold: (1) iden-
tify determinants of PA and SB targeted in existing interven-
tions, and quantify the effects of the interventions (2) on the 
identified determinants and (3) on PA and SB.

2 � Methods

The current systematic review and meta-analysis was part 
of a series of reviews investigating the effect of interven-
tions on PA/SB and modifiable determinants of PA/SB, 
with a common search strategy. The methods for the review 
process were outlined in a pre-published protocol [23]. The 

review was pre-registered in the International Prospective 
Register of Systematic Reviews (PROSPERO; 12/10/2021; 
CRD42021282874). The reporting in the current system-
atic review and meta-analysis was guided by the Preferred 
Reporting Items for Systematic Review and Meta-Analysis 
(PRISMA) [36]. The main outcome measures were device-
based PA/SB [3] and modifiable determinants of PA/SB. 
Based on the WHO definitions, PA was defined as “Any 
bodily movement produced by skeletal muscles that requires 
energy expenditure” and SB was defined as “Any waking 
behaviour characterized by an energy expenditure of 1.5 
METs or lower while sitting, reclining or lying” [3]. Modi-
fiable determinants were identified by the context of each 
intervention, in which factors targeted for manipulation were 
hypothesized to have an effect on PA/SB [23].

A literature search was conducted in MEDLINE (Ovid), 
PsycINFO (EBSCO), Web of Science, SPORTDiscus and 
Cochrane Central Register of Controlled Trials (CENTRAL) 
on 12/09/2021 (see Table 1 for the search strategy). The 
search results were filtered for studies published from 2010, 
when the first global WHO PA guidelines were published, 
until September 2021, when the initial search was com-
pleted. An updated search was conducted on 12/07/2023 
to identify studies published after September 2021 follow-
ing the procedures outlined by Bramer and Bain [37]. The 
included studies were selected based on study design (RCTs 
and CTs only), measurement method for PA/SB (device-
based only) and population (children and adolescents).

The screening, data extraction and risk of bias assessment 
were completed by a group of 26 reviewers, who were expe-
rienced researchers. The records resulting from the search 
were screened initially by one member of the review team 
to remove duplicates and any grey literature. The screening 
of each record by title and abstract and by full-text was com-
pleted in Covidence [38] by two blinded reviewers, with one 
additional reviewer to resolve any conflicts. Each reviewer 
screened approximately 2000 records at the title and abstract 
stage and ca 70 records at the full-text stage. A pre-piloted 
decision tree based on the inclusion and exclusion criteria 
was used for the screening to promote consistency among 
reviewers. Studies were included if they comprised a sample 
of children and/or early adolescents with a mean age within 
the range of 5.00–12.99 years (henceforth termed children), 
an RCT or CT study design, a device-based measure of PA 
and/or SB, modifiable determinants, measures of the out-
comes included at least at two timepoints (pre- and post-
intervention), and a control group. Studies were excluded 
if they included non-clinical populations, i.e. participants 
with diagnosed medical conditions known to affect the abil-
ity to engage in PA and/or patients undergoing treatment 
on all levels of care (e.g. studies including patients with 
cancer or individuals with anterior cruciate ligament injury 
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or studies where the intervention takes place in a clinical 
setting). Studies were also excluded if they included partici-
pants with disabilities (i.e. impairments, activity limitations 
and participation restrictions, denoting the negative aspects 
of the interaction between an individual and that individual’s 
contextual factors). Additionally, studies published in lan-
guages other than English for which translation could not 
be obtained were excluded. Data extraction and risk of bias 
assessment were also completed in Covidence [38] by two 
independent reviewers, each completing approximately six 
records. Reviewers discussed any conflicts to resolve them, 
and a third reviewer cross-checked and resolved any remain-
ing conflicts in both data extraction and risk of bias assess-
ment. The overall characteristics of the included studies and 
numerical data for the outcomes for all time points were 
extracted for use in meta-analyses. Authors were contacted 
to supplement additional or unreported data. The extracted 
data included intervention description (design, intervention 
content, control activity, location), sample description (sam-
ple size, grouping, sex, age), outcome measures (targeted 
determinants, type of PA/SB measures, instruments used to 
measure outcomes), time frames (duration of intervention, 
time between measures and follow-up) and quantitative out-
come data (measures of central tendency and variance for 
each outcome measure).

Modified versions of Cochrane’s tools for risk of bias 
tools were used—Risk of Bias in Non-randomised Studies 
of Interventions (ROBINS-I) for CTs [39] and Cochrane 
Risk of Bias Tool for Randomised Trials (RoB2) for RCTs 

[40]. The modified risk of bias tools included an additional 
domain each to assess the risk of bias in the measurement 
of the determinant(s). The quality of the produced evidence 
in each meta-analysis was assessed using the Grading of 
Recommendations Assessment, Development and Evalua-
tion (GRADE) approach in GRADEpro [41]. The GRADE 
assessment considers the results of the meta-analysis, their 
inconsistency, indirectness and imprecision, and the overall 
risk of bias of the included studies and yields a score on the 
quality of evidence provided by the meta-analysis.

2.1 � Data Synthesis

The extracted data of the study characteristics are summa-
rized and discussed narratively. The identified modifiable 
determinants were categorized according to the domains of 
the social-ecological model and listed along with the study 
characteristics. Levels of the social-ecological model as 
applied in the current review include individual (relating 
to psychological, physiological and behavioural determi-
nants, e.g. self-efficacy, aerobic/anaerobic capacity, diet), 
interpersonal (relating to behaviours when interacting with 
others, e.g. social support, co-PA) and policy environment 
(relating to physical environment and organizational policy, 
e.g. perceived physical environment, provision of PA spaces) 
levels [26].

The quantitative data extracted from the included studies 
were continuous. Effect sizes (Cohen’s d) were calculated, 
with the standard error (SE) and 95% confidence intervals 

Table 1   Search strategy including Boolean operators for each domain

a Restricted search to title, abstract and keywords
b Search in entire study

Domain Search terms

Outcome: Physical activity behavioura ("Physical activ*") OR (exercise) OR (sport*) OR (play) OR (exertion) OR (recreation) OR (train-
ing) OR ("motor activit*") OR ("physical performance") OR ("physical movement") OR ("physical 
effort") OR (exergaming)

OR
Outcome: Sedentary behavioura (sedentar*) OR ("screen time") OR (gaming) OR ("computer use") OR (sitting) OR (inactiv*) OR 

("seated posture") OR ((watch* or view*) N/2 (TV or television))
AND
Target populationa (child*) OR (youth) OR (adolescen*) OR ("young people") OR ("school age*") OR (p?ediatric) OR 

(juvenile) OR (teen*)
AND
Study designb (RCT) OR ("control* trial*") OR (quasi) OR (longitudinal) OR (intervention*) OR (prospective) OR 

("follow up")
OR
Determinantsb (determinant*) OR (antecedent*) OR (predictor*) OR (mediator*) OR (moderator*) OR (exposure*)
AND
Measurement methodsb (acceleromet*) OR ("activity profile") OR (recall) OR (diary) OR ("activity monitor*") OR ("heart rate 

monitor*") OR ("direct observation") OR (Actigraph*) OR ("activity track*") OR ("self report*") OR 
(survey) OR (pedomet*) OR (wearable*)
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(95% CI). Mean and standard deviation (SD) were used 
to calculate the effect sizes. For studies reporting other 
measures of central tendency or variance (e.g. median and 
interquartile range) and for studies reporting change from 
baseline (e.g. mean change and 95% CI for the change), 
mean and SD were calculated for those [42–45]. For studies 
reporting more than one intervention group targeting dif-
ferent outcomes, the intervention groups with the relevant 
outcomes were included (e.g. for studies reporting both PA 
and eating behaviour, PA was included) [46]. For studies 
reporting more than one intervention group with the same 
outcome, combined scores were calculated for the interven-
tion groups and the sample sizes for the intervention groups 
were summed to avoid duplicate entries of the shared control 
groups [46, 47]. Combined scores were calculated for some 
conceptually similar determinants to provide a broader defi-
nition in line with theoretical convention (e.g. a combined 
score of intrinsic and identified motivation to yield autono-
mous motivation) [48].

Meta-analyses were conducted in JASP (version 0.17.1) 
[49], using the Bayesian statistical approach. Classical meta-
analyses (based on frequentist statistical inference) were also 
conducted (see Supplementary file S1 for details on meth-
odology and Tables S1-S2 for the results). The Bayesian 
approach has some advantages. First, it allows inclusion of 
prior data into a meta-analysis to update existing knowl-
edge, providing a cumulative indication of effects. Second, 
more nuanced conclusions can be drawn based on the prob-
ability that the null or alternative hypothesis is true, rather 
than adopting a dichotomous method that determines sup-
port for the alternative hypothesis solely based on a p-value. 
Third, Bayesian meta-analysis can provide more realistic 
measures of heterogeneity and publication bias as they are 
modelled explicitly, which makes it possible to account for 
them [50, 51]. Meta-analyses were conducted to investigate 
the post-intervention effect (immediately after interven-
tion ceased), short-term maintenance effect (using follow-
up measured ≤ 6 months post-intervention) and long-term 
maintenance effect (using follow-up measured > 6 months 
post-intervention) for the PA and SB outcomes and the 
determinants. Within each setting, data were pooled to con-
duct meta-analyses for each determinant, as well as for the 
PA and SB outcomes. As such, results were reported for the 
intervention effects on each determinant, and for PA and SB 
separately. For the PA and SB outcomes, separate analyses 
were conducted for measurements that represented whole-
day PA/SB (including all waking hours) and measurements 
that represented part-day PA/SB (e.g. only during physical 
education or active transport). For studies reporting both PA 
and SB, both were included in the respective meta-analyses. 
Finally, the analyses were conducted separately for CTs and 

RCTs to account for differences in level of evidence that 
each study design generates.

Robust Bayesian meta-analysis (RoBMA) with Markov 
Chain Montecarlo (MCMC) estimation was used to conduct 
publication bias-adjusted meta-analyses [35, 52]. Publica-
tion bias is an estimate of the bias in effect sizes due to 
preferential publishing of statistically significant results in 
studies while retaining non-significant ones that are essen-
tial to cumulative meta-analyses. As such, RobMA provides 
publication bias-adjusted effect sizes that allow for a more 
objective interpretation of effect sizes without common over-
estimations due to publication bias with unknown magnitude 
[35]. To enable random effects models, conditional estimates 
were used with the prior specifications and models, with 
the modification of removing the fixed-effects models [52]. 
Mean effect with 95% credible interval (95% CrI), Bayes 
factor 10 (BF10) for the effect (ES BF10), mean heterogene-
ity (τ) with 95% CrI and publication bias (PB BF10) were 
reported. For the interpretation of ES BF10 and PB BF10, the 
following benchmarks were used: > 100 extreme evidence, 
30–100 very strong, 10–30 strong evidence, 3–10 moderate 
evidence, 1–3 trivial evidence, 1 no evidence, 1/3–1 trivial 
evidence, 1/10–1/3 moderate evidence, 1/30–1/10 strong 
evidence, 1/100–1/30 very strong evidence, and < 1/100 
extreme evidence [53].

Finally, as mentioned in the pre-published protocol [23], 
analyses to investigate the links between the effects on deter-
minants and PA/SB (such as meta-analytic structural equa-
tion modelling) were planned to provide a stronger basis for 
a causal relationship between the modifiable determinants 
and PA/SB. However, data were not available in the included 
studies to conduct such analyses.

3 � Results

3.1 � Study Selection and Characteristics

The literature searches yielded 41,562 records for the initial 
search and 60,998 records (i.e., 19,436 additional records) 
for the updated search, of which 27,587 titles and abstracts 
and subsequently 1758 full texts were screened. Finally, 38 
studies targeting children (5–12 years old) and reporting 
device-based measures of PA and/or SB were included in 
the current review (Fig. 1).

The included studies (summarized and numbered in 
Table 2) consisted of 29 RCTs, including 10 cluster-RCTs 
and 9 CTs. Three settings and combinations of these were 
identified, including school (n = 24), family/home (n = 8) 
and community (n = 1), a combination of school and fam-
ily/home (n = 4), and a combination of community and fam-
ily/home (n = 1). The content of the interventions and their 
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aims are summarized in Table 2. Out of the 38 studies, 15 
included measures of both PA and SB, 22 included only a 
measure of PA and two included only a measure of SB. In 
studies including measures of both PA and SB, no distinc-
tions were made for whether the determinants were of PA 
or SB. Of the 38 included studies, 31 reported measures of 
whole-day PA/SB and 7 reported measures of part-day PA/
SB. Follow-up measurements were reported in 11 studies, 
while seven studies reported short-term follow-up measures 
(≤ 6 months post-intervention) and 4 studies reported long-
term follow-up measures (> 6 months post-intervention). 
The total sample size in the included studies was n = 14,258 
and ranged between 29 and 3147 participants. Girls made 
up 67% (n = 9548) of the total sample, with seven studies 
including 100% girls. Theories or combinations of theories 
were used as the basis for the interventions in 30 studies 

(79%), with eight studies not reporting any theory/theoreti-
cal framework.

The risk of bias was overall high. Of the 29 RCTs, 11 
were judged with a high risk of bias, 13 with a moderate risk 
of bias and 5 with a low risk of bias. Of the nine CTs, all 
were judged as having a serious risk of bias (Fig. 2). Based 
on GRADE, the overall quality of evidence was assessed as 
very low-to-moderate for PA/SB, and very low-to-high for 
the determinants. The GRADE assessments were incorpo-
rated into Tables 3, 4, 5, 6 and 7 and corresponding sum-
maries of the GRADE assessments for the meta-analyses are 
provided in Supplementary file S2—Tables S1–S8. 

3.2 � Determinants

A total of 38 determinants were identified (Table 2), of 
which 30 were targeted in interventions conducted in the 

Fig. 1   PRISMA flow diagram outlining screening and selection procedure
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Fig. 2   Results of risk of bias assessments
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school setting, 15 in the family/home setting, 3 in the 
community setting, 15 in a combination of the school 
and family/home settings and 2 in a combination of the 
family/home and community settings. The determinants 
were categorized based on the social ecological model 
into individual psychological (n = 20), individual physi-
ological (n = 4), individual behavioural (n = 1), interper-
sonal (n = 1), interpersonal behavioural (n = 4), interper-
sonal social support (n = 7) and physical environmental 
(n = 1). The most targeted determinants were self-efficacy 
(n = 17), enjoyment (n = 9), motor competence (n = 8), 
social support—parents (n = 8) and PA outcome expec-
tancies (n = 7), autonomous motivation (n = 6), parenting 
for PA (n = 5), social support—teachers (n = 5) and social 
support—friends (n = 5).

For each setting, the results of the risk of bias and 
GRADE assessments were followed by the meta-analyses 
on the effects of the interventions on the determinants and 
on the PA/SB outcomes (Tables 3, 4, 5, 6 and 7). Deter-
minants reported in single studies that were not pooled in 

meta-analyses were listed in the text. The complete numeri-
cal results for the pooled (RoBMA) and non-pooled deter-
minants are presented in Supplementary file 1—Table 1, and 
PA and SB outcomes in Supplementary file 1—Table 2.

3.3 � School Setting

A total of 24 studies were conducted in the school setting, 
of which 16 were assessed as having a high risk of bias, 5 
as some concern (moderate) and 3 as low risk of bias. The 
GRADE assessment indicated a very low-to-low quality of 
evidence for the determinants and a very low-to-high qual-
ity of evidence for the PA/SB outcomes (see Supplementary 
file 2—Tables S1–S3).

Seventeen RCTs were conducted in the school setting 
[56–59, 62, 63, 69–72, 77, 78, 83, 85–88]. For the RCTs, 
meta-analyses were conducted for 16 determinants, show-
ing trivial-to-small effect sizes with trivial evidence for 
the presence of an effect for all. A meta-analysis was con-
ducted for one determinant (social support—friends) for 

Table 3   Results of the meta-
analyses of the intervention 
effects on the determinants of 
PA/SB in the school setting in 
RCTs and CTs

n  number of studies in meta-analysis, ES effect size, 95% CrI 95% credible interval; PB BF10, Bayes factor 
(10) for publication bias; ES BF10, Bayes factor (10) for effect; τ, heterogeneity, RCT​ randomized con-
trolled trial, CT controlled trial (non-randomized)
GRADE quality of evidence: + very low; +  + low; +  +  + moderate; +  +  +  + high
Timepoints: Immediately post-intervention, short-term maintenance (< 6 months post-intervention)

n ES
mean [95% CrI]

ES
BF10

PB
BF10

τ
mean [95% CrI]

GRADE

School—post-RCT​
 Amotivation 2  − 0.05 [− 0.40, 0.25] 0.10 0.56 0.11 [0.03, 0.35]  +  + 
 Attitudes 2  − 0.02 [− 0.36, 0.31] 0.09 0.56 0.12 [0.03, 0.38]  +  + 
 Autonomous motivation 6  − 0.14 [− 0.45, 0.16] 0.25 0.43 0.31 [0.16, 0.60]  +  + 
 Barriers to PA 2 0.04 [− 0.39, 0.39] 0.16 0.92 0.16 [0.04, 0.54]  +  + 
 Benefits of PA 2 0.12 [− 0.27, 0.46] 0.29 1.02 0.18 [0.04, 0.61]  +  + 
 Controlled motivation 3 0.04 [− 0.18, 0.22] 0.10 0.88 0.09 [0.03, 0.25]  +  + 
 Enjoyment 5 0.00 [− 0.22, 0.19] 0.78 1.47 0.12 [0.04, 0.29]  +  + 
 Motor competence 3 0.19 [− 0.48, 0.75] 0.41 1.12 0.43 [0.16, 1.08]  + 
 PA knowledge 2 0.16 [− 0.77, 1.37] 0.31 8.33 0.40 [0.04, 1.94]  + 
 PA outcome expectancies 2 0.27 [− 1.00, 1.35] 0.82 1.49 0.80 [0.10, 2.49]  +  + 
 Parenting for PA 2  − 0.03 [− 0.43, 0.33] 0.13 0.59 0.13 [0.03, 0.45]  +  + 
 Perception of physical environment 3  − 0.04 [− 0.86, 0.68] 0.42 1.79 0.37 [0.07, 1.02]  +  + 
 Self-efficacy 9 0.07 [− 0.19, 0.29] 0.14 0.44 0.29 [0.16, 0.50]  +  + 
 Social support—friends 5  − 0.04 [− 0.22, 0.10] 0.08 0.35 0.10 [0.03, 0.24]  +  + 
 Social support—parents 4  − 0.12 [− 0.33, 0.06] 0.26 0.55 0.13 [0.04, 0.34]  + 
 Social support—teachers 4  − 0.18 [− 0.43, 0.05] 0.62 0.45 0.23 [0.07, 0.55]  + 

School—short-term RCT​
 Social support—friends 2  − 0.25 [− 0.91, 0.38] 0.53 0.70 0.34 [0.08, 1.07]  +  + 

School—post-CT
 Enjoyment 2 0.20 [− 0.57, 0.76] 0.48 1.70 0.25 [0.04, 0.95]  +  + 
 PA outcome expectancies 2  − 0.40 [− 0.91, 0.09] 1.57 0.62 0.28 [0.04, 1.01]  +  + 
 Self-efficacy 3 0.14 [− 0.31, 0.49] 0.31 0.99 0.19 [0.04, 0.57]  +  + 
 Social support—total 3 0.11 [− 0.60, 0.58] 0.36 0.21 0.20 [0.04, 0.62]  +  + 
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the short-term effect showing a negative small effect with 
trivial evidence for the presence of an effect (Table 3). 
Thirteen determinants were targeted in individual stud-
ies, including aerobic fitness [78], automaticity [88], 
intentions [71], moods and emotions [57], norms [87], 
PA preference [88], perceived athletic competence [63], 
physical self-perceptions [71], physical well-being [57], 

psychological well-being [57], psychosocial skills [70] 
and social support—total [83]. Seven CTs were conducted 
in the school setting [65, 67, 68, 73, 75, 84, 90]. For 
the CTs, meta-analyses were conducted for four deter-
minants, showing trivial to small effect sizes with trivial 
evidence for the presence of and effect for all (Table 2). 
Eleven determinants were targeted in individual studies, 

Table 4   Results of the meta-
analyses of the intervention 
effects on the PA and SB 
outcomes in the school setting 
in RCTs and CTs

The PA and SB outcomes were measured over whole days (whole-day PA/SB) or parts of the days (part-
day PA/SB). Post-intervention effects were measured immediately after intervention, short-term effects < 6 
months after intervention, and long-term effects > 6 months after intervention
n = number of studies in meta-analysis, ES effect size, 95% CrI 95% credible interval, PB BF10 Bayes factor 
(10) for publication bias, ES BF10 Bayes factor (10) for effect, τ heterogeneity, RCT​ randomized controlled 
trial, CT controlled trial (non-randomized)
GRADE Quality of evidence: + very low; +  + low; +  +  + moderate; +  +  +  + high
Timepoints: Immediately post-intervention, short-term maintenance (< 6 months post-intervention), long-
term maintenance (> 6 months post-intervention)

n ES
mean [95% CrI]

ES
BF10

PB
BF10

τ
mean [95% CrI]

GRADE

Physical activity
 Whole-day—post-RCT​ 13  − 0.09 [− 0.37, 0.14] 0.15 1.11 0.24 [0.11, 0.45]  + 
 Part-day—post-RCT​ 4 0.29 [− 0.51, 0.97] 0.59 0.78 0.66 [0.30, 1.47]  + 
 Whole-day—short-term—RCT​ 2  − 0.18 [− 0.63, 0.25] 0.34 0.50 0.18 [0.04, 0.65]  +  +  + 
 Part-day—short-term—RCT​ 1 0.10 [− 0.31, 0.52] * * * *
 Whole-day—long-term—RCT​ 1 0.29 [− 0.31, 0.63] * * * *
 Part-day—long-term—RCT​ 1  − 0.10 [− 0.29, 0.09] * * * *
 Whole-day—post-CT 4 0.35 [− 0.38, 0.89] 0.82 0.74 0.53 [0.13, 1.25]  + 
 Part-day—post-CT 3 0.15 [− 1.20, 1.25] 0.60 0.95 1.03 [0.42, 2.5]  +  + 

Sedentary behaviour
 Whole-day—post-RCT​ 4 0.05 [− 0.25, 0.37] 0.11 3.10 0.13 [0.03, 0.46]  +  +  + 
 Part-day—post-RCT​ 3 0.58 [− 0.01, 0.91] 4.24 0.83 0.32 [0.05, 1.02]  +  +  +  + 
 Whole-day—short-term—RCT​ 1 0.42 [− 0.16, 0.99] * * * *
 Part-day—long-term—RCT​ 1 0.67 [0.48, 0.87] * * * *
 Part-day—short-term—RCT​ 1 0.00 [− 0.41, 0.42] * * * *
 Whole-day—post-CT 1 0.53 [0.19, 0.86] * * * *
 Part-day—post-CT 2 0.02 [− 1.78, 1.37] 0.71 1.21 1.29 [0.35, 3.76]  +  + 

Table 5   Results of the meta-
analyses of the intervention 
effects on the determinants 
of PA/SB in the family/home 
setting in RCTs

n number of studies in meta-analysis, ES effect size, 95% CrI 95% credible interval, PB BF10 Bayes factor 
(10) for publication bias, ES BF10 Bayes factor (10) for effect, τ heterogeneity, RCT​ randomized controlled 
trial, CT controlled trial (non-randomized)
GRADE quality of evidence: + very low; +  + low; +  +  + moderate; +  +  +  + high
Timepoints: Immediately post-intervention

n ES
mean [95% CrI]

ES
BF10

PB
BF10

τ
mean [95% CrI]

GRADE

Post-RCT​
 Co-PA 3 0.37 [− 0.20, 0.76] 1.31 2.22 0.22 [0.04, 0.72]  +  +  + 
 Parental PA modelling 2 0.69 [− 0.20, 1.19] 3.49 1.17 0.40 [0.04, 1.56]  +  +  +  + 
 Parental PA behaviour 2 0.27 [− 0.41, 0.81] 0.57 1.19 0.24 [0.04, 0.85]  +  + 
 Parenting for PA 3 0.02 [− 0.41, 0.39] 0.18 0.46 0.15 [0.04, 0.46]  +  +  + 
 Self-efficacy 2 0.37 [− 0.51, 0.98] 0.90 2.93 0.26 [0.04, 0.99]  +  +  + 
 Social support—parents 3  − 0.09 [− 0.64, 0.33] 0.21 0.45 0.15 [0.03, 0.46]  +  + 
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including aerobic fitness [84], autonomous motivation 
[90], barriers to PA [84], benefits of PA [84], controlled 
motivation [90], exposure to PA models [84], motor 
competence [73], norms [84], PA preference [90], per-
ceived athletic competence [67] and prosocial behaviour 
[65]. Forest plots can be found in Supplementary file 
1—Figures S1–S3.

In the school setting, small effects were found for 
whole-day measures of PA in CTs and part-day meas-
ures of PA in RCTs at post-intervention, with trivial evi-
dence for these effects. A moderate effect was found for 

part-day measures of SB in RCTs, with moderate evi-
dence for the presence of the effect. The results for the PA 
and SB outcomes in the school setting are summarized in 
Table 4 and forest plots can be found in Supplementary 
file 1—Figures S4–S5.

3.4 � Family/Home Setting

Eight studies were conducted in the family/home setting, 
of which three were assessed as having a high risk of bias, 
three as moderate and two as low. The GRADE assessment 

Table 6   Results of the meta-analyses of the intervention effects on the PA and SB outcomes in the family/home setting in RCTs and CTs

The PA and SB outcomes were measured over whole days (whole-day PA/SB) or parts of the days (part-day PA/SB). Post-intervention effects 
were measured immediately after intervention, short-term effects < 6 months after intervention, and long-term effects > 6 months after interven-
tion
n number of studies in meta-analysis, ES effect size, 95% CrI 95% credible interval, PB BF10 Bayes factor (10) for publication bias, ES BF10 
Bayes factor (10) for effect, τ BF10 Bayes factor (10) for heterogeneity, RCT​ randomized controlled trial; *inestimable
GRADE quality of evidence: + very low; +  + low; +  +  + moderate; +  +  +  + high
Timepoints: Immediately post-intervention, short-term maintenance (< 6 months post-intervention), long-term maintenance (> 6 months post-
intervention)

n ES
mean [95% CrI]

ES
BF10

PB
BF10

τ
mean [95% CrI]

GRADE

Physical activity
 Whole-day—post-RCT​ 7 0.22 [− 0.04, 0.43] 0.87 1.44 0.14 [0.03, 0.36]  +  +  + 
 Whole-day—short-term—RCT​ 1 0.19 [− 0.37, 0.76] * * * *
 Whole-day—long-term—RCT​ 1  − 0.43 [− 0.85, − 0.01] * * * *
 Whole-day—post-CT 1  − 1.65 [− 2.2, − 1.11] * * * *

Sedentary behaviour
 Whole-day—post-RCT​ 2 0.02 [− 0.73, 0.59] 0.26 0.92 0.20 [0.04, 0.75]  +  + 
 Whole-day—long-term—RCT​ 1 0.00 [− 0.37, 0.37] * * * *
 Whole-day—post-CT 1 3.17 [2.47, 3.87] * * * *

Table 7   Results of the meta-analyses of the intervention effects on the PA and SB outcomes in the combined school and family/home settings in 
RCTs and CTs

The PA and SB outcomes were measured over whole days (whole-day PA/SB) or parts of the days (part-day PA/SB). Post-intervention effects 
were measured immediately after intervention, short-term effects < 6 months after intervention, and long-term effects > 6 months after interven-
tion
n number of studies in meta-analysis, ES effect size, 95% CrI 95% credible interval, PB BF10 Bayes factor (10) for publication bias, ES BF10 
Bayes factor (10) for effect; τ BF10, Bayes factor (10) for heterogeneity; RCT, randomized controlled trial; *inestimable
GRADE quality of evidence: + very low; +  + low; +  +  + moderate; +  +  +  + high
Timepoints: Immediately post-intervention, short-term maintenance (< 6 months post-intervention)

n ES
mean [95% CrI]

ES
BF10

PB
BF10

τ
mean [95% CrI]

GRADE

Physical activity
 Whole-day—post-RCT​ 3 0.32 [− 0.27, 0.69] 0.96 4.04 0.21 [0.04, 0.66]  +  +  +  + 
 Whole-day—short-term—RCT​ 1 0.62 [0.35, 0.88] * * * *
 Whole-day—post-CT 1 0.05 [− 0.44, 0.55] * * * *
 Whole-day—short-term—CT 1  − 0.23 [− 0.72, 0.26] * * * *

Sedentary behaviour
 Whole-day—post-RCT​ 1  − 0.13 [− 0.68, 0.28] * * * *
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indicated a low-to-high quality of evidence for the determi-
nants and a low-to-moderate quality of evidence for the PA/
SB outcomes (see Supplementary file 2—Tables S4–S6).

For the RCTs, meta-analyses were conducted for six 
determinants, showing trivial to medium effect sizes with 
trivial evidence for the presence of and effect for all, except 
parental PA modelling (ES = 0.69, ES BF10 = 3.49; Table 5). 
Nine determinants were targeted in individual studies, 
including attitudes [82], automaticity [82], intentions [82], 
motor competence [80], norms [82], PA knowledge [60], 
PA outcome expectancies [76], perceived athletic compe-
tence [80] and perceived behavioural control [82]. One CT 
was conducted in the family/home setting [91], reporting 
four determinants, including co-PA, family health climate, 
parental PA behaviour and parenting for PA. Seven RCTs 
were conducted in the family/home setting [55, 60, 74, 76, 
79, 80, 82]. Forest plots can be found in Supplementary file 
1—Figure S6.

In the family/home setting, no presence of an effect 
was found for whole-day measures of PA and SB in the 
RCTs. The results for the PA and SB outcomes in the fam-
ily/home setting are summarized in Table 6 and presented 
in forest plots in Supplementary file 1—Figure S7.

3.5 � Community Setting

One RCT was conducted in the community setting [64], 
which was assessed as having a high risk of bias. The 
study reported two determinants, of which only one was 
measured both pre- and post-intervention. A small effect 
of this intervention was found for motor competence and 
a large effect was found for the PA outcome.

3.6 � School and Family/Home Settings

Four studies were conducted in the combined school and 
family/home settings, of which one study was assessed as 
having a high risk of bias and three as some concerns (mod-
erate). The GRADE assessment indicated a very low qual-
ity of evidence for self-efficacy and a high quality of evi-
dence for whole-day PA (see Supplementary file 2—Tables 
S7–S8).

For the RCTs, one meta-analysis was conducted for 
self-efficacy, showing a negative trivial effect with triv-
ial evidence for the presence of the effect and moderate 
evidence for the presence of heterogeneity (ES =  − 0.01 
[− 0.92, 0.81]; ES BF10 = 0.32; τ = 0.55 [0.10, 1.53]; 
Supplementary file 1—Figure S8). Eleven determinants 
were targeted in individual studies, including attitudes 
[89], enjoyment [66], intentions [89], norms [89], PA 
outcome expectancies [89], PA preference [54], parental 
PA behaviour [54], perceived behavioural control [89], 

perception of physical environment [66], social support—
friends [66] and social support—parents [66]. One CT 
was conducted in the school and family/home settings 
[81], reporting seven determinants, including barriers to 
PA, enjoyment, PA outcome expectancies, self-efficacy, 
self-management strategies, social support—parents and 
social support—teachers. Three RCTs were conducted in 
the combined school and family/home settings [54, 66, 
89].

In the combined school and family/home settings, a 
small post-intervention effect was found for the whole-
day measure of PA with trivial evidence for the effect 
in RCTs, the only outcome pooled. The results for the 
PA and SB outcomes in the combined school and family/
home settings are summarized in Table 7 and the effect 
on PA is presented in a forest plot in Supplementary file 
1—Figure S9.

3.7 � Community and Family/Home Settings

One RCT was conducted in the combined community and 
family/home settings [61], which was assessed as having 
a moderate risk of bias. Two determinants were reported, 
including motor competence and perceived athletic com-
petence. A large post-intervention effect was found for 
motor competence and trivial effect was found for per-
ceived athletic competence. Similarly, trivial post-inter-
vention and long-term effects were found for PA.

4 � Discussion

The aims of the current systematic review and meta-analysis 
were to identify modifiable determinants of device-meas-
ured PA and SB targeted in available intervention studies 
with RCT and CT designs in children and early adolescents 
(5–12 years old) and quantify the effects of the interven-
tions within their respective settings on the determinants of 
PA/SB, and the outcomes PA and SB. Overall, the results 
showed little effect of the interventions on PA, SB, and the 
modifiable determinants of PA/SB. The effects on the deter-
minants were largely trivial-to-small with a few exceptions 
of moderate-to-large effects with moderate level of evidence 
for the observed effects, such as parental PA modelling in 
the family/home setting. The effects of the interventions on 
PA/SB were trivial-to-moderate, with the exception of mod-
erate effect on the part-day measure of SB in school-based 
RCTs, with moderate level of evidence for the effect. Stud-
ies in the family/home setting showed relatively lower risk 
of bias compared to the other settings and a higher overall 
quality of evidence as indicated by GRADE. Although the 
interventions had little effects on the determinants of PA/SB 
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and the PA and SB outcomes, the ones observed were found 
in RCTs but not in CTs, indicating that the higher level of 
methodological rigor associated with RCTs may have con-
tributed to the outcomes.

In the school setting, the interventions showed mostly 
trivial effects on the determinants of PA and SB, and the 
PA and SB outcomes, except for the part-day measure of 
SB, which showed moderate evidence for the presence of 
an effect of ES = 0.58 and a moderate quality of evidence. 
The results in the school setting echoed previous reviews 
on the effects of school-based interventions on PA and SB, 
where a reduction in SB was observed but no increase in 
PA (MVPA, more specifically) [33, 92]. The school setting 
is particularly important for the promotion of healthy life-
styles as it is the setting in which children spend the most 
time outside of the family/home setting, in which they learn, 
socialize and have the opportunity to be physically active 
[93]. Several interventions in the school setting targeted the 
provision of PA opportunities and specific activities during 
school time (whether in class or during recess/breaks), or 
targeted teaching methods to include more PA elements in 
class (e.g., standing in class). An effect was found on part-
day measured SB, but not any of the other PA/SB measures. 
The selection of whole-day measures of PA/SB in the cur-
rent review was to enable comparison across studies, but it 
may be more important to consider outcome measures that 
correspond to the exposure within the interventions, such as 
a school-based intervention with a measure of PA/SB during 
school hours rather than a school-based intervention with a 
PA/SB measure that represents the whole day [10, 94].

In the family/home setting, the results showed moderate 
evidence for an effect of ES = 0.69 and a high quality of 
evidence for parental PA modelling. Only trivial evidence 
was found for the presence of any effects on PA and SB. 
The family/home setting showed consistently higher qual-
ity of evidence compared to the other settings. A previous 
meta-analysis on family-based interventions showed small 
significant effects of the interventions on PA [34]. A poten-
tial success of interventions conducted in the family/home 
setting alludes to an important role played by the immediate 
social environment, which largely involves parents and fam-
ily members [26, 34]. Furthermore, it is plausible that inter-
ventions conducted in the family/home setting, particularly 
those including parents, could have a transferable effect to 
other settings [95]. For example, the determinants co-PA and 
parental PA modelling show promise and the recommended 
inclusion of parents in PA interventions in children echoes 
the results in previous literature [95]. The observed effects 
in the family/home setting in the current review are worth 
considering in future interventions. Finally, the community 
setting, and the combined settings showed no evidence for 
the presence of any effects on the determinants of PA or SB, 
likely due to a low number of included studies.

Regarding the theoretical underpinnings and contents of 
the interventions, a small number of theories were used as 
the bases for most of the interventions in the included stud-
ies. Social cognitive theory was the most cited theory (50% 
of included studies), of which self-efficacy and intention are 
central determinants of PA/SB [96]. Three studies did not 
mention a theoretical basis for their interventions, some of 
which were nevertheless still consistent with some of the 
well-established theories, targeting for example self-efficacy, 
perceived athletic competence, social support and PA out-
come expectancies [67, 81, 85]. Four studies that did not 
mention a theoretical basis targeted motor competence and 
muscular/aerobic fitness, aiming to improve health outcomes 
along with increased PA/reduced SB [64, 72, 73, 97]. It has 
been argued that consistent small effects observed in the 
literature may reflect a failure of interventions to capture a 
wider array of determinants, and combinations of theories 
may lend a more comprehensive approach to interventions 
aiming to change PA/SB [8, 20]. It has been suggested that 
multilevel interventions based on the ecological approaches 
may provide a more comprehensive approach [26]. Ecologi-
cal approaches, such as the social ecological model, empha-
size the interaction between the individual and their social 
and physical environments and highlight that external fac-
tors can influence individual tendencies to engage in PA/SB, 
such as built environment, provision of safe outdoor areas, 
and provision/improvement of organized PA [26, 98, 99]. 
Three interventions in the included review were based on 
ecological theories, including ecological systems theory by 
Carson et al. [59] and socioecological model by Cohen et al. 
[62, 63]. As such, multilevel interventions based on ecologi-
cal models, targeting determinants at individual and social 
and physical environment levels, warrant further exploration 
for future interventions. Emerging research in recent years 
has deviated from the largely social-cognitive approach with 
a focus on the individual in PA behaviour regulation (auto-
maticity and habit) expanding on and challenging the current 
approach [100–103]. Three of the included studies [82, 86, 
88] touched on such concepts and for a better understanding 
of them, further research is warranted.

The overall quality of evidence in the current review was 
assessed as low, with the exception of the family/home set-
ting, which showed an especially high quality of evidence. 
The main components contributing to the low quality of 
evidence were the imprecision of studies, which denotes a 
wide variance among effect sizes (large credible intervals), 
i.e. low confidence in the results generated. Large credible 
intervals can be attributed to small sample sizes within stud-
ies and a small number of studies in a meta-analysis [104]. 
The small number of studies included in the meta-analyses 
may have been the main reason for the low confidence in the 
generated evidence.
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In response to the quest of the European workplan on 
sport for evidence-based sport policies, the goal of the cur-
rent review was to summarize and evaluate the available evi-
dence on PA/SB and the modifiable determinants of PA/SB 
in children to inform a BESt to be used by policy makers and 
future researchers alike [9]. A strength of the current review 
was the use of the Bayesian approach in the meta-analyses, 
which provides a nuanced interpretation of the results, and 
particularly RoBMA, which yields publication bias-corrected 
effect sizes. Meta-analyses based on the frequentist statisti-
cal approach were also conducted for the current review and 
have been reported in the Supplementary file 1—Table S1. 
It is important to note that the results of RoBMA and the 
frequentist meta-analyses are not comparable due to the dif-
ference in inference methods and the publication bias adjust-
ment in RoBMA. Another strength of the current review was 
the attention to the quality of the produced evidence, which 
is key for the interpretation of the results and translation of 
the evidence to policy (e.g. BESt). A limitation in the cur-
rent review was related to the exclusive focus on modifiable 
determinants limited the breadth of the current review, as 
additional studies may have been included that target non-
modifiable determinants. However, since the current review 
had the goal to provide evidence for future interventions and 
policy, determinants were sought that were modifiable and 
thus possible to manipulate in interventions. Furthermore, 
studies including clinical populations were excluded from 
the current review. Among the included studies, there were 
studies including participants with overweight and/or obesity 
(the whole sample or parts of the sample) that did not explic-
itly disclose any medical conditions. However, it could be 
that participants with overweight/obesity may have unknown 
medical conditions that affect their ability to engage in PA. 
Additionally, participants with overweight/obesity may be 
more motivated to take part in PA/SB interventions and, as a 
result, may respond particularly well to the intervention [105]. 
Such participant characteristics must be taken into account 
when interpreting the results of the meta-analyses. Moreover, 
the current review targeted RCTs and CTs as having robust 
designs that produce a high level of evidence and can pro-
vide indication of causality due to repeated measures of the 
determinants and the PA and SB outcomes. However, due 
to the controlled nature of RCTs and CTs, their application 
in the real world may be difficult and their chosen methods 
may not be ecologically valid. Therefore, the application of 
PA and SB interventions would require accurate translation 
to policy, adaptation of methods to target environments and 
theory-informed methods for implementation in their respec-
tive settings [106]. Finally, the studies with both PA and SB as 
outcomes did not distinguish between determinants of PA or 
SB, but rather aimed to manipulate their targeted determinants 
and measured PA and SB simultaneously. As such, it was not 

possible to make any distinctions between determinants of PA 
and SB in the current review.

5 � Conclusions

Taken together, the results of the current systematic review 
and meta-analysis suggest that the included interventions 
have not been effective in changing PA/SB or the determi-
nants of PA/SB overall and the few changes shown were 
not sustained over time. Parental PA modelling in the fam-
ily/home setting indicated a moderate effect and a mod-
erate level of evidence, which may suggest that parental 
involvement may be key to increasing PA/reducing SB in 
children. The part-day measure of SB in the school setting 
also indicated a moderate effect and a moderate level of 
evidence, which may suggest that an outcome measure 
(school-based measure) that corresponds to the exposure 
(school-based intervention) may be an important consid-
eration. Despite the lack of effects overall, it seems that 
the family/home setting shows promise with consistently 
higher quality of evidence compared with the school and 
community settings and the combinations of settings, 
which is an important finding. The current review also 
helps uncover the breadth of methodological variability 
and aspects of PA research in children which need to be 
addressed in future research, relating to the selection of 
both determinants and behaviour change techniques. The 
results of the current review shed light on the continued 
need for refined theory-based interventions and the contin-
ued need to deepen our understanding of how determinants 
underpin PA/SB and provide a relevant basis for evidence-
based policies and interventions. Gaps were identified that 
relate to determinants on the physical environmental level, 
the integration of determinants based on an ecological 
approach and the emergence of research on automaticity 
and habit of PA behaviour on the individual level that war-
rant further investigation.
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