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Objectives: To date, no meta-analysis has examined the influence of specific intervention characteristics
in the overall effectiveness of school-based interventions measured only with accelerometer devices.
Thus, the main purpose of this systematic review and meta-analysis was to evaluate the overall and
specific variables of the effectiveness of school-based interventions assessed with accelerometer devices
among children aged 5e12 years.
Study design: A systematic review and meta-analysis to assess the effectiveness of school-based
interventions.
Methods: Studies published in English, French and Spanish from five electronic databases between
January 2010 and December 2021 were identified. Intervention designs with control group measure that
assessed daily moderate-to-vigorous physical activity (MVPA) and sedentary time (ST) with acceler-
ometer devices in children aged 5e12 years were included. PROSPERO ID: CRD42022326859.
Results: A total of 24 trials comprising of 19,487 children (51.3% girls) were included. Intervention studies
were ineffective for improving daily MVPA (Hedges' g ¼ 0.07, 95% confidence interval [CI] �0.03 to 0.17;
I2 ¼ 84.80%) but were effective for reducing ST (g ¼ �0.08, 95% CI �0.12 to �0.03; I2 ¼ 20.94%). Also,
subgroup analyses for MVPA revealed that when studies had two intervention components (g ¼ 0.21, 95%
CI 0.06e0.36; I2 ¼ 77.67%), and high quality (g ¼ 0.12, 95% CI 0.01e0.22; I2 ¼ 88.30%) they were effective.
Conclusion: School-based interventions have been effective to reduce children's daily time spent in ST.
There is no evidence of overall effectiveness of school-based interventions for enhancing daily MVPA in
children. Nevertheless, improving the quality of interventions and interventions with two components
are effective to increase students' daily MVPA.

© 2022 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.
Introduction Therefore, promoting regular opportunities for daily MVPA
Physical activity (PA) engagement and sedentary time (ST)
reduction are both associated with numerous positive outcomes
and health benefits (i.e. self-esteem, well-being, fitness and car-
diometabolic health, better sleep, etc.) in children.1,2 However,
most children do not meet the 60 min of moderate-to-vigorous PA
(MVPA) recommendations,3 and they accumulate several hours of
sedentary time across the week that are highly concerning.4
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engagement and ST reduction during childhood continues to be a
significant public health challenge.3e5 In fact, most school-based
interventions are more focused on increasing PA levels, although
it seems easier to decrease ST in comparison to increase MVPA,
especially in the school setting.6

Furthermore, the school is an ideal setting to promote healthy
behaviours in children, as children spendmore than half of their daily
waking time here,7 and schools offer a context to reachmost children
irrespective of their socio-economic status (SES), sex and ethnicity.8

Although there are many theoretical frameworks (e.g. socio-
ecological model, social-cognitive theory, etc.) and strategies (e.g.
behaviour change techniques, motivational strategies, etc.) in the
literature, it is currently not clear which are the most effective vari-
ables to be used to promote healthy behaviours in the school setting.
ghts reserved.
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Indeed, effective health behaviour interventions that act at multiple
levels and use multiple components are still challenging in terms of
development and implementation.9 Although school-based in-
terventions can include several intervention components such as
active breaks, family involvement and teacher's training,
interventions targeting several health behaviours are usually difficult
to implement due to several barriers and limitations (e.g. lack of
teacher's formation in health promotion, a limited school timetable,
the school curriculum organization, etc.).10 Thus, understanding how
muchchildren improve their PA and reduce ST levels after attending a
school-based intervention is a crucial factor for designing effective
multicomponent interventions that needs to be better understood.

Overall, there is a lack of evidence about the effectiveness of
school-based PA and ST interventions in the literature, with some
researchers reporting positive and negative effects after the inter-
vention and over the long term.5,11e13 It must be noted that these
studies are not homogeneous, with large disparities between them.
In this regard, Dobbins et al.5 did not conduct a meta-analysis and
mixed self-reported and device-based measures in their overall
results. Furthermore, ameta-analysis by Love et al.12 onlymeasured
MVPA and mixed children and adolescent samples. Two meta-an-
alyses11,13 included after-school intervention studies as well as
pedometer and self-reported measures, which reduced the sample
size of the studies using accelerometers, especially for ST. In fact,
some of these reviews showed positive effects in PA and ST using
self-reported measures (i.e. validated questionnaires and ad-hoc
questionnaires), mixed-methods and pedometer devices, which
have limited validity and differential bias, such as overestimating
PA or underestimating ST.6,14 Given that most school-based in-
terventions in the last decade were designed to increase total ac-
tivity and decrease inactivity across the whole day, and total MVPA
and ST are strongly associated with different health benefits,4,15 it
must be required to assess these outcomes objectively if it is
intended to draw sound conclusions. Thus, as it was highlighted in
the literature, themost accurate and less biased evaluation ofMVPA
and ST requires an accelerometer assessment.6,15,16

A scoping review about school-based interventions in children
remarked on an overall scarcity of sleep assessment but revealed
most interventions assessed both PA and ST together. However, we
identified that recent systematic reviews and meta-analyses did
not include an important number of studies assessed with accel-
erometer devices in children.11e13 Also, we identified that there is a
lack of meta-analyses that assessed associations between school-
based intervention characteristics and MVPA or ST in children.
Moreover, little is known about the social and intervention
determinants that drive children PA adoption and maintenance,16

being a challenge to evaluate their effectiveness, especially in the
school setting.

To date, no meta-analysis has examined the influence of specific
intervention characteristics in the overall effectiveness of school-
based interventions measured only with accelerometer devices.
The aforementioned meta-analyses shared some common charac-
teristics with this study, but they were not as specific in terms of
assessment procedures, designs and children sample. Therefore, a
more fine-grained picture of the overall effectiveness of school-
based interventions according to these variables (i.e. components,
design, duration, quality and theoretical framework) and outcomes
(i.e. MVPA and ST), is required to design future intervention studies.
To fill these gaps in the scientific literature, the present systematic
review and meta-analysis aimed to (1) evaluate the overall effec-
tiveness of school-based interventions assessedwith accelerometer
devices (i.e. daily MVPA and ST) among children aged 5e12 years
and (2) investigate the moderating actions of intervention
components, design, duration, quality of the intervention and
theoretical framework on these effectiveness rates.
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Methods

This systematic review follows the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) guidelines,17 and it
was registered in the International Prospective Register of
Systematic Reviews (PROSPERO; ID: CRD42022326859). The
PRISMA checklist is available in Supplementary Material 1.

Information sources and search strategy

A structured electronic bibliographic search of five databases
(Web of Science, Scopus, Pubmed, SPORTDiscuss and Cochrane
Library) was conducted to retrieve peer-reviewed intervention ar-
ticles published in English, French and Spanish language, from
January 2010 to December 2021, coinciding with the last decade of
research in PA and ST school-based interventions. We selected
these databases following the recommendations to conduct aca-
demic searches for systematic reviews and meta-analyses.18 The
Population, Interventions, Comparisons and Outcomes (PICO)
framework was followed to conduct the literature search,19 and we
selected keywords based on previous similar review studies and
protocols.11,12,20 We provide an example of one of the database
searches in Table 1. All other search strategy databases are available
in Supplementary Material 2.

Eligibility criteria

Two review authors identified the searched studies in three
steps according to the literature.21 First, titles and abstracts of the
articles returned from the initial search were screened and selected
based on eligibility criteria. Second, full-text articles were analysed
in detail and selected for eligibility. Finally, bibliographic references
of all articles selected were manually analysed to identify relevant
articles lost in the initial search strategy. Thus, eligible studies were
included if they targeted healthy primary school children without
mental disabilities. Study participants were required to have a
mean age between 5 and 12 years with two exposuremeasurement
points (i.e. baseline and post-test). Only interventional designs with
a control group measure (i.e. randomised controlled trials [RCTs]
and quasi-experimental controlled studies) were included. Studies
that exclusively used a qualitative approach and therefore did not
include any quantitative data were excluded from this review.
Finally, studies were required to incorporate both daily MVPA and
ST measures. The behaviours must have been assessed by acceler-
ometer devices.

Data extraction

Two review authors independently and systematically extracted
the data from the final list of included studies. The following cat-
egories were identified and considered from the manuscripts:
publication details (i.e. authors, year), study characteristics (i.e.
design, country, sample size, SES, age and gender), theoretical
framework used (e.g. Socio-Ecological Model), intervention com-
ponents (i.e. school curriculum, family involvement), intervention
duration (e.g. 3 months), and main findings (related to pre-post
measures). Discrepancies between the authors were solved by a
consensus-based decision. All the extracted data were synthesised
and pooled together using tables created with Microsoft Excel.

Risk of bias and quality assessment

The risk of bias and the quality assessment were both assessed
independently by two review authors. For the risk of bias, we
selected the Cochrane “Risk of Bias Tool 2” (RoB-2) for randomised



Table 1
PICO strategy.

Category Definition Search terms

Population Children (from 5 to
12 years old).

Child* OR student OR pupil OR infant OR childhood OR school* OR schoolchildren OR school children OR
schoolage* OR school-age* OR school age* OR primary school OR elementary school OR basic school NOT
adolescent*.

Intervention Health promotion intervention
studies

Strategy* OR technique* OR intervention* OR program* OR health prevention OR health prevention program*
OR health program* OR health promotion program* OR health promotion intervention OR health education OR
health intervention OR school setting OR school based intervention OR school-based intervention OR school based
program* OR school-based program* OR school program* OR school health program OR school intervention OR
school health intervention.

Comparisons Between intervention
and control group.

Not applicable these keywords in search strategy.

Outcomes Increase PA, reduce ST. (PA OR Total PA OR MVPA OR VPA OR LPA OR total physical activity OR moderate to vigorous physical activity OR
vigorous physical activity OR light physical activity OR physical activity OR physical inactivity OR active OR activit*
OR sport* OR sports participation OR active transport OR active commuting OR leisure activity OR walking OR
aerobic exercise OR outdoor play OR exercis* OR motor behavio* OR movement) AND (sedentar* OR sedentary
behavio* OR sedentary time OR sedentary lifestyle OR total sedentary time OR sitting behavio* OR sitting
time OR prolonged sitting OR domestic activities).
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studies,22 and the “Risk of Bias in Non-randomised Studies - of In-
terventions” (ROBINS-I) for non-randomised studies.23 These two
tools cover a wide range of domains of potential bias, and both in-
struments focus on the study's internal validity. Studies were cat-
egorised as low,medium, high and serious risk, aswell aswith some
concerns. To analyse the quality assessment, we selected the
“Quality Assessment of Controlled Intervention Studies” tool of the
National Institutes of Health (NIH; for further information see
https://www.nhlbi.nih.gov/health-topics/study-quality-
assessment-tools). This tool allows to categorise the selected studies
in low-, medium-, or high-quality studies.
Meta-analysis

A meta-analysis was conducted for both daily minutes of MVPA
and ST because these variables are most strongly associated with
health-related outcomes.4,14,15 When the reporting data in the
studies was insufficient (i.e. only school day minutes of MVPA and
ST), the corresponding authors were contacted to request addi-
tional information. All analyses were performed using Stata soft-
ware (v16.1; Stata Corp, College Station, TX, USA).

We analysed effects using the DerSimonian-Laird random
effects inverse variance model because heterogeneity was expected
in different school-based interventions.24 Study effect sizes (ESs)
were calculated by subtracting change differences between the
intervention and control groups using the pooled standard devia-
tion (SD) of change in both groups, as well as pre-SD and post-SD
values, assuming a correlation of r ¼ 0.5 between baseline and
postintervention.25 If a study had two or more intervention groups,
their data were analysed independently, with the control group
thus yielding multiple ES for that study and outcome. According to
Cooper et al.,24 the magnitude using Hedges' g was classified as
small (0 � g � 0.50), medium (0.50 < g � 0.80) and large (g > 0.80)
ES. For MVPA, positive ES values indicated more minutes of MVPA
in favour of the intervention group compared with the control
group, whereas for ST, negative ES values indicated fewer minutes
of ST in favour of the intervention group compared with the control
group. Then, two separate random effects meta-analyses were
performed for MVPA and ST outcomes. Pooled ES were estimated
using 95% confidence intervals (CIs).

Also, sensitivity analyses were performed by removing studies
one by one to assess the robustness of the summary estimates.24

This would also indicate whether an individual study accounted
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for a large proportion of the heterogeneity. Then, heterogeneity
across studies was calculated using the Cochran Q statistic and
using the tau-squared (t2) test.26 Proportion of variation across
studies was estimated using the inconsistency index (I2), consid-
ering values of 30% (low), 50% (moderate) and 75% (high) hetero-
geneity. For its part, if t2 is above 1, it suggests substantial
heterogeneity between studies. Publication bias was analysed using
funnel plots and the Egger regression asymmetry test. In addition,
subgroup analyses were run to investigate if heterogeneity could be
explained by several characteristics of interest (i.e. design, theo-
retical framework, intervention components and quality assess-
ment). Finally, a random effects meta-regression analysis was
carried out to evaluate the relation between intervention duration
and ES in daily MVPA and ST.

Results

Study selection

Using the search strategy described previously, 12,761 records
were identified. After removing 4226 duplicates, 8535 articles
remained for screening. These 8535 articles were screened by the
abstract, and 8382 were excluded based on eligibility criteria. Then,
153 full-text articles were screened, of which only 34 publications
were deemed valid based on eligibility criteria. Finally, a total of 24
intervention studies provided necessary data and were then
included in the meta-analysis (see Fig. 1).

Study characteristics

The study characteristics are summarized in Table 2. The
systematic review and meta-analysis included 10 cluster RCTs,27e36

10RCT,37e46 and fourquasi-experimental studies,47e50witha total of
19,487 healthy children aged 5e12 years. All studies included boys
and girls (48.7% and 51.3%, respectively), only two studies did not
include gender percentage.28,39 Nine studies were conducted
in Europe,29,30,33,34,38,41,46,47,50 eight in the United
Kingdom,27,31,37,39,40,43,45,48 three in the United States of
America,36,44,49 three in Australia,28,32,35 and one in China.42 The SES
was not detailed in 11 studies.27,28,30,33,34,38,43e46,49 All studies were
implemented in high-income countries (n ¼ 24). Kobel et al.29 only
provided accelerometer data for MVPA, whereas Kobel et al.30 only
did it for ST. Nevertheless, both studies included intervention
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Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.
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strategies to improve PA and reduce ST. There was only one study
that provided data from two intervention groups for bothMVPA and
ST outcomes.47
Intervention characteristics

Concerning interventions, 8 studies (i.e. 33%) were based on
Social Cognitive Theory,29,30,37,39,40,43,44,48 3 studies (i.e.12%), on the
Socio-ecological Model,30,38,46 5 studies (i.e. 20%), on other theo-
retical frameworks,31,32,41,47,50 and 8 (i.e. 33%), did not detail
anyone.27,28,33e36,45,49 Interventions used a combination of inter-
vention components (i.e. school curriculum, teacher training,
family involvement, active breaks, etc.) or at least one component
when they were delivered in the school setting. Regarding to that,
there were 5 single component interventions,29,35,41,45,49 9
two-components interventions,32,34,36,37,42,43,47,48,50 7 three-
components interventions,27,28,31,39,40,44,46 and 3 studies with four
or more components.30,33,38 The duration of intervention studies
varied from 2months,45,46 to 4 years,35,47 with 13 studies averaging
>10 months' duration.27,29,34e36,38,41e44,47,49,50
Risk of bias and quality assessment

All studies met criteria on the RoB-2 or ROBINS-I scales, and
both are summarized in Supplementary Material 3. Low scores in
both scales corresponded to studies that had some bias in the
measure of the outcome, bias in selection of the reported result,
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bias from the randomization and allocation process, and due to not
blinding participants and study personnel to intervention assign-
ment (i.e. very difficult to do in school-based studies). Results from
quality assessment were shown in Table 2. There were 2 studies (i.e.
8%), categorized with low quality,47,48 12 studies (i.e. 50%), with
medium quality,29e31,34,38e40,44e46,49,50 and 10 studies (i.e. 42%),
with high quality.27,28,32,33,35e37,41e43
Quantitative analysis

The pooled ES estimates for the effects of interventions onMVPA
was g ¼ 0.07 (95% CI �0.03 to 0.17), indicating nonsignificant low
effect as indicated by the CIs from a negative small effect to a
positive small effect. The Cochrane Q showed a significant hetero-
geneity (Q ¼ 151.27, P < 0.001; t2 ¼ 0.05) and considerable incon-
sistency measure (I2 ¼ 84.80%). Sensitivity analysis revealed that
only one study,48 was a potential outlier and considered overly
influential (g ¼ 0.03, 95% CI �0.06 to 0.12, P < 0.001, Q ¼ 110.96,
I2 ¼ 80.17%; t2 ¼ 0.03). As shown in Fig. 2, the Funnel plot of the
observed effect showed small asymmetry in the left side, and the
Egger test suggested evidence of publication bias for MVPA
(Z ¼ 2.06, P ¼ 0.0393). Meta-regression analysis found that dura-
tion of the school-based interventions was not associated with
changes in daily MVPA (b ¼ 0.009; P ¼ 0.51).

Subgroup analyses did not show any significant result with
respect to design (P ¼ 0.28) and theoretical framework (P ¼ 0.77)
variables. However, as shown in Table 3, sub-group analysis of



Table 2
Summary of the studies included.

Study Characteristics
(Design; Country)

Sample (Sample; SD; mean age; %
male)

SES Theoretical framework Intervention components Intervention
duration

Quality
assessment

Breslin et al.,
201248

Non RCT; Northern Ireland 416 children; 9.1; SD: 0.36; 8e9
Y.O; 48% male

Low Social Cognitive Theory School curriculum and teacher
training

3 months 3 (LQ)

Lloyd et al.,
201231

Cluster RCT; England 202 children; 9.69; SD: 0.3; 9e10
Y.O; 50% male

High Intervention Mapping School curriculum, school staff
and family involvement

6 months 7 (MQ)

Verloigne et al.,
201246

Pilot RCT; Belgium 372 children; 10.9; SD: 0.7; 10e12
Y.O; 40% male

Not detailed Socio-ecological Model School curriculum, teacher
training and family
involvement

2 months 6 (MQ)

Fairclough
et al., 201339

RCT; England 318 children; 10.6; SD: 0.3; 10e11
Y.O; % Not detailed

High & Low Social Cognitive Theory School curriculum, teacher
training and family
involvement

5 months 8 (MQ)

Engelen et al.,
201328

Cluster RCT; Australia 226 children; 5.9; SD: 0.5; 5e7 YO;
% Not detailed

Not detailed Not detailed Playground intervention,
teacher and family involvement

3 months 10 (HQ)

Kipping et al.,
201440

RCT; England 2221 children; 9.5; SD: 0.3; 9e10
Y.O; 49% male

Low-Medium-High Social Cognitive Theory School curriculum, teacher
training and family
involvement

5 months 7 (MQ)

Wells et al.,
201436

Cluster RCT; USA 227 children; 9.3; SD: 0.7; 8e12 YO;
44.6% male

Low Not detailed Physical environment and
school curriculum

12 months 10 (HQ)

Madsen et al.,
201544

RCT; USA 879 children; SD not detailed; 9e11
Y.O; 48% male

Not detailed Social Cognitive Theory School curriculum, active
breaks and teacher training

10 months
(For 2 years)

6 (MQ)

Anderson et al.,
201637

RCT; England 2221 children; 9.5; SD: 0.3; 9e10
Y.O; 49% male

Low-Medium-High Social Cognitive Theory School curriculum and teacher
training

7 months 11 (HQ)

Kocken et al.,
201641

RCT; Netherlands 1112 children; SD not detailed; 9
e11 years old;
49% male

Medium Intervention Mapping School curriculum 10 months
(For 2 years)

10 (HQ)

Resaland et al.,
201633

Cluster RCT; Norway 1129 children; 10.2; SD: 0.3; 10e11
YO; 52% male

Not detailed Not detailed School curriculum, active
breaks, homework PA and
teacher training

8 months 11 (HQ)

Telford et al.,
201635

Cluster RCT; Australia 853 children; 8.1; SD: 0.3; 8e9 YO
51% male

Medium Not detailed PE classes 10 months
(For 4 years)

10 (HQ)

Brittin et al.,
201749

Non-RCT; USA 41 children; 9.3; SD: 1.2; 8e11 Y.O;
58% male

Not detailed Not detailed Physical environment
modifications

12 months 4 (MQ)

Kobel et al.,
201729

Cluster RCT; Germany 167 children; 8.0; SD: 0.6; 8e9 YO;
46.1% male

Low-Medium-High Social Cognitive Theory School curriculum 10 months 6 (MQ)

Lloyd et al.,
201743

RCT; England 1244 children; 9.8; SD: 0.3; 9e10
Y.O; 48% male

Not detailed Social Cognitive Theory School curriculum and family
involvement

12 months 11 (HQ)

Adab et al.,
201827

Cluster RCT; England 1397 children; 6.3; SD: 0.3; 6e7 YO;
51% male

Not detailed Not detailed School curriculum, after school
activities and family
involvement

12 months 10 (HQ)

Morris et al.,
201845

Pilot RCT; England 154 children; 9.9; SD: 0.3; 9e10
Y.O; 40% male

Not detailed Not detailed Teacher training 2 months 6 (MQ)

Bartelink et al.,
201947

Non-RCT; Netherlands 1676 children; 7.5; SD: 1.3; 5e12
Y.O; 47% male

Low Health Promoting Schools
(HPS)

PA promotion and lunch breaks 10 months
(For 4 years)

3 (LQ)

Li et al., 201942 RCT; China 1641 children; 6.15; SD: 0.35; 6e7
Y.O; 54% male

Medium-High Social Cognitive Theory School curriculum and family
involvement

12 months 10 (HQ)

Seljebotn et al.,
201934

Cluster RCT; Norway 447 children; 9.3; SD: 0.4; 9e10 YO
52% male

Not detailed Not detailed School curriculum and teacher
training

10 months 8 (MQ)

Kobel et al.,
202030

Cluster RCT; Germany 231 children; 7.1; SD: 0.6; 7e8 YO;
46.1% male

Not detailed 12 months 7 (MQ)

(continued on next page)
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Fig. 2. Funnel plot showing the publication bias of MVPA studies.
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intervention components and quality assessment variables
demonstrated that daily MVPA differed significantly by school-
based interventions, showing better outcomes in those with two
intervention components (g ¼ 0.21, 95% CI 0.06 to 0.36, P < 0.001,
Q ¼ 44.78, I2 ¼ 77.67%; t2 ¼ 0.02), and labelled with high quality
assessment (g ¼ 0.12, 95% CI 0.01 to 0.22, P < 0.001, Q ¼ 76.95,
I2 ¼ 88.30%; t2 ¼ 0.05).

The pooled ES estimates for the effects of interventions on ST
was g ¼ �0.08 (95% CI �0.12 to �0.03), indicating significant low
effect in the reduction of daily ST (See Fig. 3). The Cochrane Q
showed a nonsignificant heterogeneity (Q ¼ 29.09, P ¼ 0.18;
t2 ¼ 0.01) and low inconsistency measure (I2 ¼ 20.94%). Sensitivity
analysis revealed that there was not any potential outlier or influ-
ential study. The Funnel plot showed asymmetry in the right side,
and the Egger test suggested evidence of publication bias for ST
(Z ¼ �2.24, P ¼ 0.025). Meta-regression analysis found that dura-
tion of the school-based interventions was not associated with
changes in daily ST (b ¼ �0.0003; P ¼ 0.96). Finally, subgroup
analyses were not conducted due to the lack of heterogeneity
detected in the ST forest plot.

Discussion

This is the first meta-analysis that has focused on the overall and
specific effects of school-based interventions only assessed with
accelerometer devices (i.e. daily minutes of MVPA and ST) among
Table 3
MVPA subgroup analyses.

Variables N Mean difference,
95% CI

P for
subgroup
analysis

1) Design 0.28
Non-RCT 5 0.30 (�0.10, 0.70)
RCT 10 �0.02 (�0.17, 0.14)
Cluster RCT 9 0.09 (�0.03, 0.20)

2) Intervention components 0.02
1 component 5 �0.07 (�0.20, 0.06)
2 components 10 0.21 (0.06, 0.36)
3 components 7 �0.07 (�0.22, 0.08)
4 components 2 �0.05 (�0.17, 0.08)

3) Theoretical Framework 0.77
No Theoretical Framework 8 0.05 (�0.05, 0.16)
With Theoretical Framework 16 0.08 (�0.05, 0.21)

4) Quality Assessment 0.04
Low Quality 3 0.45 (�0.14, 1.03)
Medium Quality 10 �0.07 (�0.21, 0.06)
High Quality 11 0.12 (0.01, 0.22)
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5e12 years-old children. The main findings of this study are the
following: (1) school-based interventions are effective to reduce
daily ST in children, but apparently not to improve MVPA (2) multi-
component interventions (i.e. 2 components); significatively
improved daily MVPA in children; and (3) high quality in-
terventions also favour a significant increase in daily MVPA.

MVPA and ST effectiveness

In the last few years, developmental evidence has been accu-
mulated regarding the effects of school-based interventions tar-
getingMVPAand SToutcomes.11e13 Then, in termsof dailyMVPA,we
found non-significant effects of school-based interventions, being
consistent with previous research. For example, a meta-analysis
(n ¼ 17) by Love et al.12 detected a non-significant effect
(ES ¼ 0.02, 95% CI �0.07 to 0.11) in children and adolescents.
Opposingly, Jones et al.11 meta-analysis (n ¼ 11) found a moderate
effect (ES¼0.51, 95%CI: 0.02 to0.99), but itwasnot supported by the
sensitive analysis and they declared no evidence of effect. Finally, a
subgroup analysis (n ¼ 16) of device-based (i.e. pedometers and
accelerometers) studies in the Nally et al.13 meta-analysis found a
strong positive effect (ES¼ 1.53, 0.49 to 2.57). However, they did not
detail the significance (P < 0.05) of the subgroups analysis and re-
ported inconclusive effects for daily MVPA. Therefore, this may be
interpreted that either the interventions are not effective or that
they are not correctly implemented and assessed or that they could
be effective in some groups but not others.
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The overall daily ST from previous meta-analyses differed
significantly from our results since we found a small significant
ST reduction in favour of the intervention group. Although other
studies have not included ST,12 Jones et al.11 reported a non-
significant large effect (ES ¼ 1.15, 95% CI �1.03 to 3.33) with a
small study sample (n ¼ 4), and finally, a subgroup analysis
(n ¼ 11) of device-based measures in Nally et al.13 study found
non-significant results (ES ¼ �0.91, �2.30 to 0.48). Then, the
significant ES found in this ST meta-analysis was not very large
to draw final conclusions, however we considerate it another
important step in the knowledge of our research field. Thus, our
findings support that those interventions delivered during the
school day might produce more effective results on reducing ST
than promoting MVPA. In this regard, Tassitano et al.6 concluded
in their study that interventions delivered during the school day
might produce better results if they focus on reducing ST rather
than promoting PA. The effectiveness in ST reduction but not in
MVPA increase may be due to the fact that the school setting is
mainly sedentary (i.e. a lot of sitting time during classes), and
therefore it could be easier to reduce that level of sedentary
with a school-based intervention (e.g. active breaks) than
improving the total time of MVPA, which may be a type of
activity far away from an standard educational task. Finally, we
hypothesise that previous meta-analyses did not find any sig-
nificant ST reduction because they had a limited sample size as
well as mixed self-reported and device-based results in their
analyses.
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School-based intervention components

Then, subgroup analyses revealed that all intervention compo-
nents do not produce similar results, as we highlighted previously.
It was difficult to compare our findings with other studies due to
different procedures used and only Nally et al.13 conducted similar
subgroups analysis, without reporting their significance (i.e. P
value), inferring misleading errors. However, the literature has
suggested that PA may be enhanced, and ST reduced by school-
based multicomponent interventions and the school setting,6,9

and this study found that interventions with two components
seems to be more effective than single and more than two
component interventions. These findings add to the emerging
evidence that multicomponent interventions produce larger im-
provements in MVPA than single component interventions.5,9

Nevertheless, our results seem to suggest that there may be a
limited effect in the number of components, without being more
effective the addition of extra components. Also, even if the sig-
nificant ESs reported after performing subgroup analyses were not
large, they provide new value information about school-based in-
terventions assessed with accelerometer devices targeting MVPA.
Thus, future research should be focused on detecting which are the
key intervention components (e.g. school curriculum, active breaks,
family involvement, etc.), since we could not draw sound conclu-
sions about them after performing several subgroup analyses.
Regarding the duration of school-based interventions and their
effectiveness, no differences were observed in our meta-regression
analyses for both MVPA and ST outcomes. Also, previous meta-
analyses found similar results when they performed meta-regres-
sion,12 or subgroup analyses.13 Thus, the intervention duration may
not be as determinant as we thought. Probably, it will be more
important for future research to focus on detecting effectiveness by
other similar factors like frequency of implementation.

In terms of designs and quality of the studies included in this
meta-analysis, most of themwere RCTs and cluster RCTs with only 4
quasi-experimental studies, being 3 of them categorised as low
quality. Also, we found in the subgroup analyses that only high-
quality interventions favoured a significant increase in daily
MVPA, differing from previous studies which did not find signifi-
cant results in relation to study quality,11,12 thus contributing
valuable information to the literature. This review highlights the
importance of conducting, as frequent as possible, high-quality
studies in our research field. Furthermore, we recommend re-
searchers to correctly indicate their intervention program details,
to describe the assessment processes as well as to detail their data
analyses in deep to favour transparency, future replicability and,
thus, better contribute to our field of research. Regarding potential
bias in the meta-analysis, we did not restrict our eligibility criteria
to only RCTs as other studies did,12,13 because a lot of school-based
interventions use quasi-experimental designs, and this could limit
the representation of the big picture. However, some publication
biases were detected in both MVPA and ST funnel plots and Egger
tests, being almost sure influenced by our strict eligibility criteria.
Similar concerns about publication bias were found in a meta-
analysis conducted with very restricted eligibility criteria.12

Therefore, restricting inclusion criteria limits the generalizability
of our findings, but this represents most of the available evidence
and maximises the reliability and robustness of our conclusions.

Limitations

The major strengths of this meta-analysis compared with pre-
vious are the specificity (i.e. only intervention studies delivered
with children in the school time and assessed with accelerometer
devices), our studies sample size in both MVPA and ST outcomes
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(n ¼ 24), the pooling of comparable accelerometer measures of
daily MVPA and ST, and the assessment of different subgroup
effects. The limitations of the study that could compromise the
robustness of our findings are as follows: (1) although the mea-
surement device did not vary across studies, some other variables
(e.g. epochs duration, how the accelerometer data was processed,
cut-points for thresholds, etc.) were not homogeneous; (2) the high
level of heterogeneity detected across the included studies in terms
of MVPA effects. Pooled results indicated high levels of heteroge-
neity and some of the analyses remained unexplained despite
subgroup analyses; (3) we found significant publication bias in both
MVPA and ST meta-analyses; and (4) we included quasi-
experimental studies, which introduced some risk of bias, mainly
in terms of participants allocation and selection of the reported
results.
Conclusion

This systematic review and meta-analysis demonstrate that
school-based interventions have been effective at decreasing chil-
dren's daily time spent in ST. Furthermore, we found that even if
school-based interventions are not enough effective to improve
overall daily MVPA in children, multi-component interventions (i.e.
2 components) and high-quality intervention studies, are predic-
tive of improved daily time spent in MVPA. Given the high number
of intervention studies, the homogeneity of some results, the
quality of the studies and the sound methodology used, these
results provide robustness regarding the existing evidence. How-
ever, findings about publication bias should also be noted. Further
assessment of implementation fidelity is required before it can be
concluded that school-based interventions have a contribution
to reduce ST in children. Thus, we recommend that further school-
based interventions with children should be conducted to deter-
mine which are the most important intervention components (e.g.
active breaks, school curriculum, family involvement, etc.) to
improve PA and reduce ST.
Author statements

Acknowledgements

The authors thank Mr Alberto Aznar Peligero for his advice and
contribution about the use of Stata software. Also, the authors
thank to Ms Caera Grady for her contribution supervising the
English language of this manuscript.
Ethical approval

Because this study did not constitute human subjects research,
no approval was required from an institutional review board.
Funding

This study was supported by the University of Pau and the
Laboratory Mouvement, Equilibre, Performance et Sant�e (MEPS).
J.R.-S. is funded by a Doctoral Research Fellowship from the Energy
and Environment Solutions (E2S) project at the University of Pau
(grant number: AAP2019-45).
Competing interests

The authors declare that they have no competing interests.



J. Rodrigo-Sanjoaquín, A. Corral-Ab�os, A. Aibar Solana et al. Public Health 213 (2022) 147e156
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.puhe.2022.10.004.

References

1. Carson V, Hunter S, Kuzik N, Gray C, Poitras V, Chaput JP, et al. Systematic review
of sedentary behaviour and health indicators in school-aged children and youth:
an update. Appl Physiol Nutr Metab 2016;41(6):S240e65. https://doi.org/
10.1139/apnm-2015-0630.

2. Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput JP, Janssen I, et al. Sys-
tematic review of the relationships between objectively measured physical
activity and health indicators in school-aged children and youth. Appl Physiol
Nutr Metab 2016;41(6):S197e239. https://doi.org/10.1139/apnm-2015-0663.

3. Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in insufficient physical
activity among adolescents: a pooled analysis of 298 population-based surveys
with 1$6 million participants. Lancet Child Adolesc Health 2020;4(1):23e35.
https://doi.org/10.1016/S2352-4642(19)30323-2.

4. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World
Health Organization 2020 guidelines on physical activity and sedentary
behaviour. Br J Sports Med 2020;54(24):1451e62. https://doi.org/10.1136/
bjsports-2020-102955.

5. Dobbins M, Husson H, Decorby K, Larocca RL. School-based physical activity
programs for promoting physical activity and fitness in children and adoles-
cents aged 6 to 18. Cochrane Database Syst Rev 2013;2013(2). https://doi.org/
10.1002/14651858.CD007651.pub2.

6. Tassitano RM, Weaver RG, Ten�orio MCM, Brazendale K, Beets MW. Physical
activity and sedentary time of youth in structured settings: a systematic review
and meta-analysis. Int J Behav Nutr Phys Act 2020;17(1):1e17. https://doi.org/
10.1186/s12966-020-01054-y.

7. Hegarty L, Mair J L, Kirby K, Murtagh E, Murphy M H. School-based in-
terventions to reduce sedentary behaviour in children: a systematic review.
AIMS Public Health 2016;3(3):520e41. https://doi.org/10.3934/publichealth.
2016.3.520.

8. Åvitsland A, Ohna SE, Dyrstad SM, Tjomsland HE, Lerum Ø, Leibinger E. The
process evaluation of a school-based physical activity intervention: influencing
factors and potential consequences of implementation. Health Educ
2020;120(2):121e39. https://doi.org/10.1108/HE-01-2020-0004.

9. Sallis JF. Needs and challenges related to multilevel interventions: physical
activity examples. Health Educ Behav 2018;45(5):661e7. https://doi.org/
10.1177/1090198118796458.

10. Champion KE, Parmenter B, McGowan C, Spring B, Wafford QE, Gardner LA,
et al. Effectiveness of school-based eHealth interventions to prevent multiple
lifestyle risk behaviours among adolescents: a systematic review and meta-
analysis. Lancet Digit Health 2019;1(5):e206e21. https://doi.org/10.1016/
S2589-7500(19)30088-3.

11. Jones M, Defever E, Letsinger A, Steele J, Mackintosh KA. A mixed-studies
systematic review and meta-analysis of school-based interventions to promote
physical activity and/or reduce sedentary time in children. J Sport Health Sci
2020;9(1):3e17. https://doi.org/10.1016/j.jshs.2019.06.009.

12. Love R, Adams J, van Sluijs EMF. Are school-based physical activity in-
terventions effective and equitable? A meta-analysis of cluster randomized
controlled trials with accelerometer-assessed activity. Obes Rev 2019;20(6):
859e70. https://doi.org/10.1111/obr.12823.

13. Nally S, Carlin A, Blackburn NE, Baird JS, Salmon J, Murphy MH, et al. The
effectiveness of school-based interventions on obesity-related behaviours in
primary school children: a systematic review and meta-analysis of randomised
controlled trials. Children 2021;8(6):489. https://doi.org/10.3390/
children8060489.

14. Ekelund U, Tarp J, Steene-Johannessen J, Hansen BH, Jefferis B, Fagerland MW,
et al. Dose-response associations between accelerometry measured physical
activity and sedentary time and all cause mortality: systematic review and
harmonised meta-analysis. BMJ 2019;366. https://doi.org/10.1136/bmj.l4570.

15. Ekelund U, Tarp J, Fagerland MW, Steene-Johannessen J, Hansen BH, Jefferis BJ,
et al. Joint associations of accelero-meter measured physical activity and
sedentary time with all-cause mortality: a harmonised meta-analysis in more
than 44 000 middle-aged and older individuals. Br J Sports Med 2020;54(24):
1499e506. https://doi.org/10.1136/bjsports-2020-103270.

16. DiPietro L, Al-Ansari SS, Biddle S, Borodulin K, Bull FC, Buman MP, et al.
Advancing the global physical activity agenda: recommendations for future
research by the 2020 WHO physical activity and sedentary behavior guidelines
development group. Int J Behav Nutr Phys Act 2020;17(1). https://doi.org/
10.1186/s12966-020-01042-2.

17. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
Updating guidance for reporting systematic reviews: development of the
PRISMA 2020 statement. J Clin Epidemiol 2021;134:103e12. https://doi.org/
10.1016/j.jclinepi.2021.02.003.

18. Gusenbauer M, Haddaway NR. Which academic search systems are suitable for
systematic reviews or meta-analyses? Evaluating retrieval qualities of Google
Scholar, PubMed, and 26 other resources. Res Synth Methods 2020;11(2):
181e217. https://doi.org/10.1002/jrsm.1378.
155
19. Schardt C, Adams MB, Owens T, Keitz S, Fontelo P. Utilization of the PICO
framework to improve searching PubMed for clinical questions. BMC Med
Inform Decis Mak 2007;7(1):1e6. https://doi.org/10.1186/1472-6947-7-16.

20. Rodrigo-Sanjoaquín J, Bois JE, Solana AA, Lhuisset L, Casterad JZ. Identifying
promising school-based intervention programs to promote 24-hour movement
guidelines among children: protocol for a systematic review. Sustainability
2020;12(22):1e11. https://doi.org/10.3390/su12229436.

21. Gunnell K, Poitras VJ, Tod D. Questions and answers about conducting sys-
tematic reviews in sport and exercise psychology. Int Rev Sport Exerc Psychol
2020;13(1):297e318. https://doi.org/10.1080/1750984X.2019.1695141.

22. Sterne JAC, Savovi�c J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a
revised tool for assessing risk of bias in randomised trials. BMJ 2019;366.
https://doi.org/10.1136/bmj.l4898.

23. Sterne JAC, Hern�an MA, Reeves BC, Savovi�c J, Berkman ND, Viswanathan M,
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of
interventions. BMJ 2016;355. https://doi.org/10.1136/bmj.i4919.

24. Cooper H, Hedges LV, Valente JC. The handbook of research synthesis and meta-
analysis. 3rd edn., vol. 389. Russell Sage Foundation; 2019.

25. Morris SB. Estimating effect sizes from pretest-posttest-control group designs.
Organ Res Methods 2008;11(2):364e86. https://doi.org/10.1177/109442810
6291059.

26. Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med 2002;21(11):1539e58. https://doi.org/10.1002/sim.1186.

27. Adab P, Pallan MJ, Lancashire ER, Hemming K, Frew E, Barrett T, et al. Effec-
tiveness of a childhood obesity prevention programme delivered through
schools, targeting 6 and 7 year olds: cluster randomised controlled trial
(WAVES study). BMJ 2018;360:211. https://doi.org/10.1136/bmj.k211.

28. Engelen L, Bundy AC, Naughton G, Simpson JM, Bauman A, Ragena J, et al.
Increasing physical activity in young primary school children - it's child's play:
a cluster randomised controlled trial. Prev Med (Baltim) 2013;56(5):319e25.
https://doi.org/10.1016/j.ypmed.2013.02.007.

29. Kobel S, L€ammle C, Wartha O, Kesztyüs D, Wirt T, Steinacker JM. Effects of a
randomised controlled school-based health promotion intervention on obesity
related behavioural outcomes of children with migration background. J Immigr
Minor Health 2017;19(2):254e62. https://doi.org/10.1007/s10903-016-0460-9.

30. Kobel S, Dreyhaupt J, Wartha O, Kettner S, Hoffmann B, Steinacker JM. Inter-
vention effects of the health promotion programme “join the healthy boat” on
objectively assessed sedentary time in primary school children in Germany. Int
J Environ Res Public Health 2020;17(23):1e14. https://doi.org/10.3390/
ijerph17239029.

31. Lloyd JJ, Wyatt KM, Creanor S. Behavioural and weight status outcomes from an
exploratory trial of the Healthy Lifestyles Programme (HeLP): a novel school-
based obesity prevention programme. BMJ Open 2012;2(3):e000390. https://
doi.org/10.1136/bmjopen-2011-000390.

32. Nathan NK, Sutherland RL, Hope K, McCarthy NJ, Pettett M, Elton B, et al.
Implementation of a school physical activity policy improves student physical
activity levels: outcomes of a cluster-randomized controlled trial. J Phys Act
Health 2020;17(10):1009e18. https://doi.org/10.1123/jpah.2019-0595.

33. Resaland GK, Aadland E, Moe VF, Aadland KN, Skrede T, Stavnsbo M, et al.
Effects of physical activity on schoolchildren's academic performance: the
Active Smarter Kids (ASK) cluster-randomized controlled trial. Prev Med (Bal-
tim) 2016;91:322e8. https://doi.org/10.1016/j.ypmed.2016.09.005.

34. Seljebotn PH, Skage I, Riskedal A, Olsen M, Kvalø SE, Dyrstad SM. Physically
active academic lessons and effect on physical activity and aerobic fitness. The
Active School study: a cluster randomized controlled trial. Prev Med Rep
2019;13:183e8. https://doi.org/10.1016/j.pmedr.2018.12.009.

35. Telford RM, Olive LS, Cochrane T, Davey R, Telford RD. Outcomes of a four-year
specialist-taught physical education program on physical activity: a cluster
randomized controlled trial, the LOOK study. Int J Behav Nutr Phys Act
2016;13(1). https://doi.org/10.1186/s12966-016-0388-4.

36. Wells NM, Myers BM, Henderson CR. School gardens and physical activity: a
randomized controlled trial of low-income elementary schools. Prev Med
(Baltim) 2014;69(S):S27e33. https://doi.org/10.1016/j.ypmed.2014.10.012.

37. Anderson EL, Howe LD, Kipping RR, Campbell R, Jago R, Noble SM, et al. Long-
term effects of the Active for Life Year 5 (AFLY5) school-based cluster-rando-
mised controlled trial. BMJ Open 2016;6(11):10957. https://doi.org/10.1136/
bmjopen-2015-010957.

38. Bernal C, Lhuisset L, Bru N, Fabre N, Bois J. Effects of an intervention to promote
physical activity and reduce sedentary time in disadvantaged children: ran-
domized trial. J Sch Health 2021;91(6):454e62. https://doi.org/10.1111/
josh.13022.

39. Fairclough SJ, Hackett AF, Davies IG, Gobbi R, Mackintosh KA, Warburton GL,
et al. Promoting healthy weight in primary school children through physical
activity and nutrition education: a pragmatic evaluation of the CHANGE!
randomised intervention study. BMC Public Health 2013;13(1):1e14. https://
doi.org/10.1186/1471-2458-13-626.

40. Kipping RR, Howe LD, Jago R, Campbell R, Wells S, Chittleborough CR, et al.
Effect of intervention aimed at increasing physical activity, reducing sedentary
behaviour, and increasing fruit and vegetable consumption in children: Active
for Life Year 5 (AFLY5) school based cluster randomised controlled trial. BMJ
2014;348. https://doi.org/10.1136/bmj.g3256.

41. Kocken PL, Scholten AM,Westhoff E, De Kok BPH, Taal EM, Goldbohm RA. Effects
of a theory-based education program to prevent overweightness in primary
school children. Nutrients 2016;8(1):12. https://doi.org/10.3390/nu8010012.

https://doi.org/10.1016/j.puhe.2022.10.004
https://doi.org/10.1139/apnm-2015-0630
https://doi.org/10.1139/apnm-2015-0630
https://doi.org/10.1139/apnm-2015-0663
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1002/14651858.CD007651.pub2
https://doi.org/10.1002/14651858.CD007651.pub2
https://doi.org/10.1186/s12966-020-01054-y
https://doi.org/10.1186/s12966-020-01054-y
https://doi.org/10.3934/publichealth.2016.3.520
https://doi.org/10.3934/publichealth.2016.3.520
https://doi.org/10.1108/HE-01-2020-0004
https://doi.org/10.1177/1090198118796458
https://doi.org/10.1177/1090198118796458
https://doi.org/10.1016/S2589-7500(19)30088-3
https://doi.org/10.1016/S2589-7500(19)30088-3
https://doi.org/10.1016/j.jshs.2019.06.009
https://doi.org/10.1111/obr.12823
https://doi.org/10.3390/children8060489
https://doi.org/10.3390/children8060489
https://doi.org/10.1136/bmj.l4570
https://doi.org/10.1136/bjsports-2020-103270
https://doi.org/10.1186/s12966-020-01042-2
https://doi.org/10.1186/s12966-020-01042-2
https://doi.org/10.1016/j.jclinepi.2021.02.003
https://doi.org/10.1016/j.jclinepi.2021.02.003
https://doi.org/10.1002/jrsm.1378
https://doi.org/10.1186/1472-6947-7-16
https://doi.org/10.3390/su12229436
https://doi.org/10.1080/1750984X.2019.1695141
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.i4919
http://refhub.elsevier.com/S0033-3506(22)00286-4/sref24
http://refhub.elsevier.com/S0033-3506(22)00286-4/sref24
https://doi.org/10.1177/1094428106291059
https://doi.org/10.1177/1094428106291059
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.k211
https://doi.org/10.1016/j.ypmed.2013.02.007
https://doi.org/10.1007/s10903-016-0460-9
https://doi.org/10.3390/ijerph17239029
https://doi.org/10.3390/ijerph17239029
https://doi.org/10.1136/bmjopen-2011-000390
https://doi.org/10.1136/bmjopen-2011-000390
https://doi.org/10.1123/jpah.2019-0595
https://doi.org/10.1016/j.ypmed.2016.09.005
https://doi.org/10.1016/j.pmedr.2018.12.009
https://doi.org/10.1186/s12966-016-0388-4
https://doi.org/10.1016/j.ypmed.2014.10.012
https://doi.org/10.1136/bmjopen-2015-010957
https://doi.org/10.1136/bmjopen-2015-010957
https://doi.org/10.1111/josh.13022
https://doi.org/10.1111/josh.13022
https://doi.org/10.1186/1471-2458-13-626
https://doi.org/10.1186/1471-2458-13-626
https://doi.org/10.1136/bmj.g3256
https://doi.org/10.3390/nu8010012


J. Rodrigo-Sanjoaquín, A. Corral-Ab�os, A. Aibar Solana et al. Public Health 213 (2022) 147e156
42. Li B, Pallan M, Liu WJ, Hemming K, Frew E, Lin R, et al. The CHIRPY DRAGON
intervention in preventing obesity in Chinese primary-school-aged children: a
cluster-randomised controlled trial. PLoS Med 2019;16(11):e1002971. https://
doi.org/10.1371/journal.pmed.1002971.

43. Lloyd J, Creanor S, Logan S, Green C, Dean SG, Hillsdon M, et al. Effectiveness of
the Healthy Lifestyles Programme (HeLP) to prevent obesity in UK primary-
school children: a cluster randomised controlled trial. Lancet Child Adolesc
Health 2018;2(1):35e45. https://doi.org/10.1016/S2352-4642(17)30151-7.

44. Madsen K, Linchey J, Gerstein D, Ross M, Myers E, Brown K, et al. Energy
balance 4 kids with play: results from a two-year cluster-randomized trial.
Child Obes 2015;11(4):375e83. https://doi.org/10.1089/chi.2015.0002.

45. Morris JL, Daly-Smith A, Defeyter MA, McKenna J, Zwolinsky S, Lloyd S, et al.
A pedometer-based physically active learning intervention: the importance of
using preintervention physical activity categories to assess effectiveness.
Pediatr Exerc Sci 2019;31(3):356e62. https://doi.org/10.1123/pes.2018-0128.

46. Verloigne M, Bere M, Van Lippevelde W, Maes L, Lien N, Vik FN, et al. The effect
of the UP4FUN pilot intervention on objectively measured sedentary time and
physical activity in 10-12 year old children in Belgium: the ENERGY-project.
156
BMC Public Health 2012;12(1):1e11. https://doi.org/10.1186/1471-2458-12-
805.

47. Bartelink NHM, van Assema P, Kremers SPJ, Savelberg HCM, Oosterhoff M,
Willeboordse M, et al. One- and two-year effects of the healthy primary school
of the future on children's dietary and physical activity behaviours: a quasi-
experimental study. Nutrients 2019;11(3):689. https://doi.org/10.3390/
nu11030689.

48. Breslin G, Brennan D, Rafferty R, Gallagher AM, Hanna D. The effect of a healthy
lifestyle programme on 8-9 year olds from social disadvantage. Arch Dis Child
2012;97(7):618e24. https://doi.org/10.1136/archdischild-2011-301108.

49. Brittin J, Frerichs L, Sirard JR,WellsNM,Myers BM,Garcia J, et al. Impacts of active
school design on school-time sedentary behavior and physical activity: a pilot
natural experiment. PLoS One 2017;12(12):e0189236. https://doi.org/10.1371/
journal.pone.0189236.

50. Verjans-Janssen SRB, Gerards SMPL, Kremers SPJ, Vos SB, Jansen MWJ, Van
Kann DHH. Effects of the KEIGAAF intervention on the BMI z-score and energy
balance-related behaviors of primary school-aged children. Int J Behav Nutr
Phys Act 2020;17(1):105. https://doi.org/10.1186/s12966-020-01012-8.

https://doi.org/10.1371/journal.pmed.1002971
https://doi.org/10.1371/journal.pmed.1002971
https://doi.org/10.1016/S2352-4642(17)30151-7
https://doi.org/10.1089/chi.2015.0002
https://doi.org/10.1123/pes.2018-0128
https://doi.org/10.1186/1471-2458-12-805
https://doi.org/10.1186/1471-2458-12-805
https://doi.org/10.3390/nu11030689
https://doi.org/10.3390/nu11030689
https://doi.org/10.1136/archdischild-2011-301108
https://doi.org/10.1371/journal.pone.0189236
https://doi.org/10.1371/journal.pone.0189236
https://doi.org/10.1186/s12966-020-01012-8

	Effectiveness of school-based interventions targeting physical activity and sedentary time among children: a systematic rev ...
	Introduction
	Methods
	Information sources and search strategy
	Eligibility criteria
	Data extraction
	Risk of bias and quality assessment
	Meta-analysis

	Results
	Study selection
	Study characteristics
	Intervention characteristics
	Risk of bias and quality assessment
	Quantitative analysis

	Discussion
	MVPA and ST effectiveness
	School-based intervention components
	Limitations
	Conclusion

	Author statements
	Acknowledgements
	Ethical approval
	Funding
	Competing interests

	Appendix A. Supplementary data
	References


