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A B S T R A C T
IMPLICATIONS AND
Purpose: Literature detailing the effectiveness of school-based physical activity promotion in-
terventions in prevocational adolescents was reviewed to identify effective intervention
characteristics.
Methods: The search strategy assessed studies against inclusion criteria study design, study
population, school setting, language, and construct. The risk of bias of the included studies was
assessed, and extractions were made of the physical activity (PA) level outcome measures and
intervention characteristics regarding organizational, social, and content features. A meta-analysis
was conducted to determine the overall effect of the interventions on the PA level. Identification of
effective intervention characteristics was done by subgroup analyses. Meta-regression analysis was
performed with PA level as dependent variable and intervention characteristics as covariates.
Results: A total of 40 eligible studies was included for meta-analyses. Among the included studies,
the overall intervention effect on increasing the PA level of prevocational adolescents was weak
(standardized mean difference [SMD] .19, 95% confidence interval [CI] .12e.27). Intervention
characteristics that improve the effect size to a moderate level were intracurricular PA (SMD .43,
95% CI .19e.68), involving school staff in an intracurricular intervention (SMD .37, 95% CI .16e.58)
and a tailored intracurricular intervention (SMD .35, 95% CI .13e.58). Meta-regression analysis
confirmed PA as a positive predictor.
Conclusions: The effect of a school-based PA interventionwas small to moderate. A sensible choice
in the assembly of a multicomponent school-based PA intervention increases the effectiveness
considerably. Physical education teachers, school administrators, and policy makers should
consider organizational (intracurriculum, short and medium duration), personal (tailoring,
participation), social (school staff) and content (PA) determinants.
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Multicomponent school
interventions are effective
for enhancing physical ac-
tivity levels of prevoca-
tional adolescents.
Intervention characteris-
tics that make multicom-
ponent school
interventions more suc-
cessful are involvement of
school staff and students,
short or medium duration,
intracurricular in-
terventions that contain
physical activities tailored
to the target group.
Insufficient physical activity (PA) is one of the 10 leading risk
factors for death worldwide, and it is a key risk factor for non-
communicable diseases [1]. The failure to spend 15e30minutes a
day in, for example, brisk walking increases the risk of cancer,
heart disease, stroke, and diabetes by 20%e30% and shortens the
lifespan by 3e5 years [2]. Globally, around 81% of adolescents
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aged 11e17 years were insufficiently physically active in 2010,
especially those coming from a low socioeconomic background
[3]. Girls were less active than boys, with 84% versus 78% not
meeting WHO PA recommendations [4,5]. In the Netherlands,
students in prevocational education show the largest decline in
sports participation with accompanying increased inactivity [6].
Both on weekdays and days off, adolescents spend most of their
time sitting or lying, exceeding inactivity levels for elderly of 65þ
and even 75þ years of age [7]. Unlike most adults, children and
adolescents have a limited ability to understand the long-term
consequences of their behavior. Apparently, for these adoles-
cents, some support for developing a healthy lifestyle may be
necessary. In response to the growing burden of non-
communicable diseases, the World Health Assembly calls for the
development and implementation of school policies and pro-
grams that promote healthy diets and increase PA levels [8]. The
WHO specifically identifies schools as a target setting for the
promotion of PA among children and youth. The key question is
“what programs can be proposed in a school setting to encourage
adolescents to be physically more active?” There is limited to
strong evidence for the effectiveness of school-based in-
terventions. Also, it is suggested thatmore effective programs can
be made by further alignment of interventions to the targeted
population [9e11]. Therefore, it is necessary to identify in-
gredients that make interventions more effective in encouraging
adolescents to become more physically active [12].

The aim of this systematic review is to identify characteristics
of interventions that are effective in elevating the PA level of
prevocational adolescents. Therefore, literature is reviewed on
the effectiveness of school-based PA promotion interventions.
The results will be used in a Dutch trial to advise prevocational
intervention schools in promoting their students to become
physically more active.

Methods

Eligibility criteria

Studies published in between 2000 and 2018were considered
for inclusion if they were controlled trials and the target popu-
lation was prevocational 12- to 17-year-old healthy adolescents.
Each study should provide effects of a school-based PA or health
promotion intervention with a duration of at least 6 weeks. At
least one outcome measure of PA level was reported. Studies
were not included if the study population was a specific sample
that could be significantly different from the general population
(e.g., overweight or obese subjects). The search was limited to
publications in English.

Information sources and search

A systematic literature search was performed in the biblio-
graphic databases PubMed, Embase.com, The Cochrane Library
(viaWiley) and (via EBSCO) CINAHL, SPORTDiscus, PsycINFO, and
ERIC from January 1, 2000, to November 28, 2018. Controlled
terms (e.g., MeSH in PubMed and Emtree in Embase) as well as
free-text terms were used in the search. Only free-text terms
were used in The Cochrane Library. Search terms expressing PA in
adolescents were used in “AND” combination with search terms
comprising social or personal factors. Within these results, we
searched for (1) a prevocational education level, (2) imple-
mentation, and (3) participation using controlled and free-text
terms. The references of identified articles were searched for
additional publications that met the eligibility criteria for
inclusion.

Study selection

After removal of duplicate reports, the study selection process
involved screening of titles and reading abstracts of the retrieved
search results. Potentially relevant full-text reports were exam-
ined to verify whether they met the eligibility criteria. Two
authors of this review evaluated eligibility of each report inde-
pendently. Final decisions on study inclusion were made by
consensus. The study selection process is summarized in a flow
diagram in Figure 1.

Data collection process

Two authors of this review independently extracted post-test
data on PA levelerelated outcomes and intervention character-
istics. An assessment criterion form for a randomized controlled
trial was used for extracting post-test data [13]. The use of the
templates was refined after pilot testing a random selection of
the included studies. Because of under-reporting and variation in
follow-up time, retention test data were not used. If more than
one effect measure was published, self-reported outcomes were
used for analysis. Disagreements were resolved by discussion.
The original researchers were contacted to provide incomplete
data. Study protocol articles were consulted to derive additional
information on intervention characteristics.

Data items

PA level outcome measures assessed by a direct or indirect
method were derived from the articles. The measures included (1)
total PA level; (2)moderate to vigorous PA (MVPA) level; (3) leisure
time PA level; (4) number of daysMVPA; (5) number of steps a day;
(6) energy expenditure PA, or MVPA in physical education (PE)
lessons. If possible, the datawere split for boys and girls separately.
Otherwise, the data for the total group were analyzed. Then the
intervention characteristics were determined and extracted from
the studies. Table 1 shows the description of seven dichotomous
intervention characteristics and two categorical intervention
characteristics (duration and intra- or extra-curriculum).

Risk of bias assessment

Cochrane Collaboration’s Review Manager software version
5.3 (RevMan, The Nordic Cochrane Centre, Copenhagen,
Denmark). was used by two authors for assessing risk of bias of
the controlled trials. Nine itemswere used to assess selection bias
(random sequence generation and allocation concealment), per-
formance bias (blinding of participants and providers), detection
bias (blinding of outcome assessment), attrition bias (incomplete
outcome data intention-to-treat analysis), group similarity on
baseline, incomplete data of dropouts, and the influence of
cointerventions. Consensus by the authors was determined on
the preliminary independent decision to distinguish low risk of
bias (criterion satisfied and clearly described in the article) from
high risk of bias (criterion not satisfied) or unclear risk of bias
(insufficient information to permit judgment). Selection bias and
incomplete data dropouts were used to determine a conclusive



Figure 1. Flow of information during the selection process.
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dichotomous quality assessment of a study. Appendix 1 presents
the risk of bias assessment of the included studies.

Summary measures

Pre- and post-test means and standard deviations of the
primary outcomes of interest were taken directly from the
studies. A random effects model was used on the weighted
standardized mean differences (SMDs) and its 95% confidence
interval (CI) because the effect estimate varies within studies as
well as between studies. Heterogeneity was assessed by the I2

estimate [14]. Overall intervention effects were determined over
the included studies. Subgroup analyses were performed to
evaluate different intervention effects between boys and girls
and between low risk and high risk of bias studies. To investigate
whether the effect sizes were robust, sensitivity analyses were
performed by omitting those studies, whose effects differed
substantially and therefore contributed the most to the degree of
heterogeneity [14]. To identify effective intervention character-
istics, subgroup analyses determined the magnitude of the effect
estimate (SMD), reflecting the importance of the intervention
characteristic. For identification of a relevant characteristic, at
least five studies had to be included in a subgroup, regardless if
the intervention was effective or not. Subgroup analyses were



Table 1
Description of intervention characteristics

Intervention characteristic Description Example

Digital technology (DIGIT) Information technology was used for promotion
purposes

Providing health promotion by a computer program or
Internet

Multicomponent (MULTI) The intervention was aimed at more than one
behavioral determinant (personal, physical
environment, social environment)

Personal mentoring and providing sports equipment

Participatory approach (PARTIC) The students were given responsibility by cocreating
the intervention

Students were asked to create their own physical
activity plan for the week to come

Parent involvement (PARENT) Parents were included as a target group in the
intervention

Parents received a leaflet with information about
promoting health

Personnel involvement (STAFF) School staff were (also) intervention providers Extra lessons physical education by PE teacher
Tailored (TAIL) The intervention was customized to the target group

and/or the school environment
Different activities for boys and girls

Physical activities (PA) Physical activities were part of the intervention Playing basketball, hiking, cycling
Curriculum (CURR) The intervention was intracurricular, extracurricular, or

both
Intra: enhance intensity of PE lesson
Extra: providing after school activities
Intra þ Extra: both examples

Duration Short: 6e12 wk
Medium: 13e26 wk
Long: 27 wk or longer
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performed by a single intervention characteristic or a combina-
tion of two intervention characteristics. SMD is considered small
(.2), moderate (.5), or large (.7) [15]. Statistically significant re-
sults were considered for the estimates with the 95% CI not
including zero. RevMan software version 5.3 was used for meta-
analyses. A meta-regression analysis was conducted with the PA
level (SMD) as dependent variable and intervention character-
istics as covariates. Dummies were made for the categorical
variable intra- or extra-curricular intervention (or both). A
backward stepwise elimination was performed with a .20 alpha
level of removal. The variable with the largest p value for
contribution to the model was dropped, and the regression was
repeated. SPSS version 22 was used for meta-regression.
Results

Study selection

A total of 3,858 records were retrieved; 3,654 as a result of the
electronic search and 204 from references of the included articles
(Figure 1). After removal of 1,962 duplicates, 1,896 records were
assessed on title and abstract resulting in 184 articles screened
for full-text reading. Forty articles were considered eligible.
Figure 1 summarizes the reasons for excluding the previously
selected full texts. Three studies were excluded from the meta-
analysis due to (1) data on ordinal scale and (2) data that were
not provided after contacting the original researcher. Fourteen
authors were contacted to provide missing data on number of
participants, means, and standard deviations of effect measures.
Appendix 2 gives an overview of the included studies with their
study and intervention characteristics.
Study characteristics

The 40 articles included in this systematic review were pub-
lished between 2002 and 2018. The studies were mainly per-
formed in the North American and European continent. Four
studies were Australian, two were from Hong Kong, one was
South-African, and onewas originally performed in Thailand. The
study populations were mainly underserved, multiethnic
prevocational adolescents aged 12e17 years old. Sample sizes
ranged from 25 to 4,164. The total number of participants (\ þ _)
was 32,696, with 17,593 individuals allocated to intervention (I)
and 15,103 to control (C) groups. Thirty-five studies presented
only data of the total sample of participants (I: 14,471 and C:
12,204). Five studies targeted only girls (I: 3,122 and C: 2,899).
Eleven studies presented data of the total sample and boys (I:
2,498, C: 1,898) and girls separately (I: 2,497 and C: 2,178). A total
numberof 16 studies presenteddata of 10,696 girls (I: 5,619 andC:
5,077).
Risk of bias

Appendix 1 presents the risk of bias assessment of all
included articles. Ten studies did not describe the method of
randomization (25.0%). The highest risk of bias was found for the
items blinding of participants (99.9%), blinding of the interven-
tion providers (99.9%), and blinding of the outcome measure
assessment (80%). This could be expected because of the nature
of the intervention. Thirteen studies did not present intervention
and control group similarity on baseline (32.5%), whereas twelve
studies reported incomplete data of dropouts (30%). One study
lacked outcome data of intention-to-treat analysis (.25%), and in
seven studies (18%), cointerventions may have interfered.
Overall intervention effects

PA level of the total target group was significantly increased for
the 40 included school-based PA promotion interventions studies
with amean effect estimate (SMD) of .19 (.12, .27; I2¼ 91%). A forest
plot (Figure 2)presents detailed informationof the results for the40
studies in this review and presents a synthesis of the results for the
total group. Sensitivity analyses, where sequentially eight studies
with substantially different outcomes were omitted, decreased the
effect estimate to .11 (.06, .16; I2 ¼ 70%; Table 2) [16e26]. Gender-
specific meta-analyses showed nonsignificant increase of the PA
level in 11 studies for boys .14 (�.06, .34; I2 ¼ 86%; Table 2) [17,24e
33]. Sensitivity analysis, omitting two studies with outcomes sub-
stantially different than others, resulted in a shift to a relevant effect
of .14 (.02, .27; I2 ¼ 63%; Table 2) [17,24]. The mean effect size in 16



Figure 2. Forest plot of the contribution of each included study to the overall effect in the total group.
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studies for girls is .10 (.01, .19; I2 ¼ 69%; Table 2). Five studies tar-
geting girls only report SMD of .08 (�.02, .19; I2 ¼ 62%) [34e38].
Because effect estimates of boys do not differ substantially from
those of girls, further analyses on intervention characteristics were
made on the total target group (combining the results of the
40 studies).

Intervention characteristics

Identification of effective intervention characteristics was
performed by subgroup analyses and meta-regression analysis
(Table 2). Here, the SMD sizes of subgroup analyses based on
intervention characteristics are presented. Intervention
characteristics with an SMD size overpassing the overall effect of
.19 were considered effective.

An important characteristic was “organizational” in
nature and distinguished intracurricular interventions and
extracurricular interventions from interventions that had both
properties. Interventions that were carried out as exclusively
“intracurricular” (n ¼ 21) showed an effect estimate of .29 (.17,
.42; I2 ¼ 93%) with CI not including zero. Only three studies had
an exclusively extracurricular intervention. A minimum of five
studies was required for inclusion in the ranking of the effects.
The SMD size of studies that combined intra and extra-curricular
interventions did not reach the levels of .19 (overall effect). The
“duration” of an intervention can also be considered as an



Table 2
Results of meta-analyses: (1) overall effect on physical activity level (SMD) with inclusion of all studies and after sensitivity analysis. (2) Ranking of intervention
characteristics based on the effect size (SMD) after subgroup analysis. (3) Meta-regression analysis with backward selection procedure of covariates (intervention
characteristics)

1. Overall effect

Meta-analysis Group Studies (n) n (I) n (C) SMD 95% CI I2

All studies included \ þ _ 40 17,593 15,103 .19 .12, .27 91
_ 11 2,498 1,898 .14 �.06, .34 86
\ 16 5,619 5,077 .10 .01, .19 69

Sensitivity \ þ _ 32 14,337 12,279 .11 .06, .16 70
Analysis _ 9 2,460 1,810 .14 .02, .27 63

2. Subgroup analyses based on intervention characteristics

Meta-analysis Characteristics Studies (n) Total group (n) SMD 95% CI I2

Subgroup analyses Intra þ PA 11 7,916 .43 .19, .68 95
Intra þ staff 13 8,952 .37 .16, .58 95
Intra þ tail 10 6,791 .35 .13, .58 94
Intra 21 17,413 .29 .17, .42 93
Short 7 2,922 .29 .09, .49 83
Tail þ PA 15 11,234 .27 .10, .44 94
Partic þ staff 6 3,179 .26 .02, .51 87
Tail þ staff 14 9,187 .25 .06, .44 94
Medium 13 9,379 .23 .09, .37 87
Partic þ PA 7 3,947 .22 .00, .44 89
Partic 10 4,531 .21 .04, .39 84
Tail þ Partic 10 4,531 .21 .04, .39 84
Staff 25 19,732 .21 .10, .33 93
PA 22 20,001 .21 .11, .30 90
PA þ Digit 7 9,983 .20 .01, .38 95
Staff þ PA 15 15,069 .20 .07, .32 93
Overall effect 40 32,696 .19 .12, .27 91

3. Meta regression analysis: Intervention characteristics by backward selection

Meta-regression Regression equation: PA level ¼ .577 þ .353 PA � .543 MC

Bold values are significant with p < .05.
C ¼ control group; CI ¼ confidence interval; DIGIT ¼ digital technology; I ¼ intervention group; I2 ¼ heterogeneity; Intra ¼ intracurricular; MC ¼multicomponent; n ¼
number; PA ¼ physical activity; PARTIC ¼ participatory approach; SMD ¼ standardized mean difference; Staff ¼ personnel involvement; Tail ¼ tailored.
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organizational feature. Three intervention periods were distin-
guished. In contrast to long-term interventions, nine short-term
interventions (6e8 weeks) were nearly as effective as 12
midterm (8e26 weeks) interventions withmean effect estimates
of .21 (.05, .38; I2 ¼ 80%) and .26 (.11, .41; I2 ¼ 88%), respectively.
In addition to organizational characteristics, more substantive
characteristics played a role. Offering “PAs” in an intervention
was an effectiveway to encourage students to bemore physically
active with a mean SMD of .21 (.11, .30; I2 ¼ 90%). Studies where
students had a participating role in the intervention and had a
mean SMD of .21 (.04, .39; I2 ¼ 84%).

Eleven studies that embed “PA” into the curriculum were
effective (.43; .19, .68; I2 ¼ 95%). Also, intracurricular studies
that involved “personnel” (.37; .16, .58; I2 ¼ 95%) and “tailored
the intervention” to the target population (.35; .13, .58; I2 ¼
94%) were among the most effective interventions. When PAs
were included in the intervention and were customized to the
to the target group (n ¼ 15), the effect size was .27 (.10, .44;
I2 ¼ 94%). This also counted for those interventions (n ¼ 6)
that involved personnel combined with a participative
approach of the intervention (.26; .02, .51; I2 ¼ 87%). Finally,
sensitivity analyses were performed until a heterogeneity of
70% was achieved. The overall effects were robust for the
studies whose interventions were characterized by inclusion
of PA, involvement of personnel, intracurricular interventions,
tailored interventions, and interventions of short and medium
duration. Some interventions that combine two characteristics
showed robust SMD. These combinations were interventions
with PA that involved personnel and tailored interventions
that involved personnel. Effect sizes were not robust for
studies characterized by participation or use of digital
technology.

Synthesis of the results

Risk of bias. In this review subgroup, analyses were performed
on 20 studies with a low risk of bias (conclusive item) against 20
studies with a high risk of bias. For the total group, effect mea-
sures were almost equal .19 (.07, .31, I2 ¼ 92%) and .20 (.09, .30,
I2¼ 89%) respectively. For boys, effect estimates for six low risk of
bias studies versus five high risk of bias studies were .21 (.03, .39,
I2 ¼ 56%) versus .09 (�.33, .50, I2 ¼ 92%). For girls, the effect
estimates in 10 low-risk studies versus six high-risk studies were
.11 (�.01, .23, I2 ¼ 65%) and .07 (�.05, .22, I2 ¼ 74%). Although the
CIs for the total group as well as for boys and girls overlapped, the
quality assessment of the studies seemed irrelevant; therefore,
low risk as well as high risk of bias studies were included in
further analyses.

Additional analyses. An alternative method for identifying
effective characteristics was performed with a meta-regression
analysis for the total group. In the regression model, the
weighted outcome variable SMD was related to the intervention
characteristics (Table 2). First, all variables were entered into the
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equation and then sequentially removed. This procedure resulted
in the following regression model.

Weighed SMD ¼ :577þ :353 PA� :543 multicomponent

“PA” was positively related and “multicomponent” was
negatively related to SMD. Approximately 15% of the variation in
the PA level of adolescents was explained by differences in the
presence of PAs and the absence of a multidisciplinary approach
(R2 ¼.145). Effect modification on gender did not identify any
significant intervention characteristics.

Discussion

Summary of evidence

The overall effect of school-based PA interventions in ado-
lescents of 40 studies showed that school-based PA promotion
interventions increased the PA level of prevocational adoles-
cents. The best estimate of themean standardized effect measure
on PA level was .19 (.12, .27), which corresponds to a small
improvement [16e55]. Most effective interventions were char-
acterized by curricula that contain PA customized to adolescents
with involvement of school staff. In these studies, themean effect
estimates (SMD) increased to a moderate level (.35, .43). The
additional meta-regression analyses seemed to support the
outcome of the meta-analyses since PA as part of an intervention
were positive not significantly related to students’ PA level,
whereas a multicomponent approach was negatively related
(not significant).

Overall effect

The overall intervention effect found in this review is
consistent with the findings of others [10,11]. A positive impact
on the duration of PA and a reduction of TV watching time in 6-
to 18-year-old students is reported in other reviews [10,56]. In
line with this, Sluijs [11] found strong evidence for school-based
interventions increasing PA in adolescents although the impact
on low socioeconomic groups was inconclusive. The results of
this review support the hypothesis that school-based PA in-
terventions are effective for prevocational adolescents.

Single intervention characteristics

The key question in this review is which intervention char-
acteristic or mix of characteristics are responsible for an effective
intervention? Therefore, the intervention characteristics associ-
ated with the studies that exceed the overall effect of .19 in sub-
group analyses were regarded as successful features. The most
effective single characteristics were organizational in nature and
related to the content of the intervention. These interventionshad
a duration of 6e26 weeks and included PA in the curriculum. In
addition, the interaction process of the students and the inter-
ventionprovider seemed relevant. Here, school staff and students
were both involved and shared responsibility to assemble the
intervention.

Intracurriculum

Embedding the intervention as part of the regular curriculum
seemed effective (SMD ¼ .29). It ensured that students were
engaged in a familiar social and physical environment fostering
an effective interaction process between teachers and students.
Three studies in this review evaluated an extracurricular inter-
vention program with contradicting results. In neither of these
studies, school staff was involved in the intervention. Beets [9],
however, do appoint the potential of after-school programs.

Duration

Short (6e12 weeks, n ¼ 7, SMD ¼ .29) and medium-term (12e
26 weeks, n ¼ 13, SMD ¼ .23) intervention duration showed a
slightly more effective result over long-term studies (>26 weeks,
n ¼ 19, SMD ¼ .15) with mean effects estimates with CI not
including 0. PA level was apparently a changeable variable with a
short time constant. The question is how to reconcile thesefindings
with a desired long-term life-style effect of the intervention. After
all, the goal of a school intervention program is to achieve lasting
behavioral change. Future interventions might try an on-off
approach alternating intervention activity with episodes of no ac-
tivity. The interval period between two interventions could beused
for evaluation of the completed intervention block and for further
adjustment and alignment of the upcoming intervention block to
the student population “under treatment.” Future research could
evaluate the effects of such an “interval intervention approach.” It
should be noted that this review shows post-test results immedi-
ately after the completion of the intervention, and no retention test
results. Inclusion of retention test results would clarify sustainable
effects of school-based PA interventions, but these are rarely
investigated. Hence, the long-term effects on lifestyle remain
opaque.

Physical activities

The provision of PAs as part of the intervention was an
effective intervention characteristic (SMD ¼ .21). The advantage
of including PA in an intervention was that participation
contributed directly to the PA level as opposed to an educational
program without PA. Mandatory (intracurricular) sport and PAs
often took the form of adapted PE classes that were organized
more intensively and effectively with the aim of increasing the
PA level [22,27e29,34,36,39,40]. PA and PE are not the same. PAs
are bodily movements that involve physical exertion. A PE pro-
gram is structured, follows national standards, and often uses a
grade system. Both contribute meaningfully to the development
of healthy active children [57]. Physical activities on a voluntary
basis were mainly organized during breaks and after school.

Combinations of characteristics

The combination of an intracurricular organization with the
involvement of school staff appeared an important intervention
characteristic (SMD .37). School staff know their students well.
Therefore, they are able to make changes to the curriculum and
customize the program as much as possible to the preference of
students to engage them (SMD .35). In most studies, school staff
was trained to administer the intervention as intended. The
training addressesmore efficient class management, instructions
for giving positive feedback, and adaptions of the contents of the
lessons [16,17,19,22,23,25,28,31,36,38,41e43]. Students that
participated in the intervention were partly responsible for the
content of the intervention, for example, by playing a role as an
assistant teacher or by codesigning individual exercise programs
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[17,26,27,29,44e49]. Especially, the combination of student
participation with staff involvement emphasizes the educational
process. Participative intervention studies in this review were
mostly recent published. The participative approach seemed
promising in promotion of PA (SMD ¼ .26), but intervention
studies are needed to estimate the importance of a “participative
approach.”

Multicomponent

This study shows mixed results regarding the effectiveness of
the “multicomponent” approach. On the one hand, subgroup
analysis showed a small but significant advantage (SMD ¼ .11);
on the other hand, the meta-regression analysis suggested the
multicomponent approach to be counterproductive (the nega-
tive result is however nonsignificant). A multicomponent inter-
vention has been described as an approach to multiple
behavioral determinants. So, given the complexity of organizing
multicomponent interventions, the question is which mix of
intervention characteristics is more effective than others? Some
combinations that emphasize the educational interaction be-
tween teachers and student have been identified as successful. In
contrast, some multicomponent interventions were not. This
may suggest that the organizational effectiveness of the team
applying the intervention is determining the outcome as well.
However, this characteristic of the intervention is not available in
the 40 studies.

The use of digital technology in promoting PA is mostly done
by completing a survey on the computer where students receive
feedback on their health behavior, sometimes followed by a
personal consultation [17,18,24,27,29,30,33,35,41,44,50e52].
From this review, the use of digital technology in PA promotion
interventions does not seem to be very effective (SMD ¼ .15). But
technological developments go fast. The future will show
whether applications are developed that can contribute effec-
tively to the promotion of PA.

Thirteen studies involved parents in their intervention. This
feature contributed to the effectiveness of the intervention in all
analyses. Parent involvement in educationwas stimulated by the
use of, for example, a school newspaper [27,30,40,42]. Sending
information to parents combined with a questionnaire or
parentechild homework assignments was stimulating too
[29,33,45]. Opportunities for parents to ask intervention-related
questions had a positive effect.

To summarize, the results of this review suggested to include
an intervention into the curriculum and involve the school staff
and students to customize PAs. The intracurricular feature
seemed a catalyst for the educational learning process to get
students and school staff involved and enhanced the PA level of
students.

Risk of bias

Ten of the 40 studies [20,23,26,29,39,40,44,46,51,53] lacked a
clear description of the randomization process, but the effect
sizes were comparable for both categories in the total group. A
clear description of when the process of randomization
occurred before or after the baseline assessment was lacking in
29 studies [16e18,20,21,23,24,26,28e31,33e37,39,41,42,44,46e
48,51e55]. This form of allocation concealment can lead to
overestimation of subjective outcomes as mostly used in this
review [58]. Detection bias is an important factor but is hard to
prevent in this type of interventions. One of the included
studies reported blinding of participants and caregivers.
Although blinding of outcome assessors in many cases was
feasible, in most studies, the assessors knew which participants
received an intervention. Most studies did not report the pres-
ence of possible detection bias. Publication bias seemed to be a
limited factor. Funnel plots show predominantly symmetrical
distribution over the effects. However, only 16 of 40 studies
reported gender-specific results.

Limitations

Although inclusion criteria used in this review on school
setting and age (12e17 years) avoid heterogeneity, the reported
outcome measures and the population characteristics such as
ethnicity or socioeconomic situation may vary between studies.
To respond to the variation of outcome measures, this review
performed subgroup analyses using a random effects model. In
doing so, somewhat wider CIs were obtained that appeared to be
more robust [14]. The random effects model on the other hand
consequently limits translation to practical relevance. Agreement
between subjectively and objectively assessed PA levels has been
discussed previously [56,59,60]. There is a need for de-
velopments in the field of objective measurement tools that
contribute to the improvement of the measurement of PA in
large-scale epidemiologic studies.

Intervention characteristics were determined mainly as
dichotomous variables, whichmeans that the feature is, or is not,
implemented in an intervention. The presence of an intervention
characteristic does not say anything about the quality of appli-
cation of the characteristic. For example, parental participation
can imply that parents are only informed about the content of an
intervention or they can actually be involved in the intervention.
Although some studies provided sufficient description of the
intervention, other studies did not. Intervention descriptions are
important to learn from good practices and perform analyses like
in this review. In addition to this remark, it is noteworthy that
analysis of the treatment effect on an individual level may give an
overestimation of effect size in comparison tomultilevel analysis.
In this review, we included studies using either individual ana-
lyses ormultilevel analysis. Therefore, an overestimation of effect
size could possible.

The key question of this review is “what solutions can be
proposed in a school setting to encourage adolescents to be
physically more active?” Meta-analyses in this review show that
school-based PA interventions are successful to increase the PA
level of prevocational adolescents. However, the effects are small.
Although multicomponent interventions are advised, they
sometimes are not effective. This review shows that a sensible
mix in the composition of the multicomponent approach is
important. Organizational (intracurricular and short- and
medium-term), personal (tailoring), and social determinants
(school staff) that serve the educational process are important.
Also, the content of the intervention is more effective when PAs
are embedded in the curriculum and customized to (and with)
the participants. Schools are a target setting for the promotion of
PA among children and youth. Therefore, PE teachers, school
administrators, and policy makers should consider the recom-
mendations from this review. Finally, it should be noted that PA
promotion interventions are aiming for a sustainable active
lifestyle. Therefore, in this type of research, retention tests are
important and should be included in future intervention studies.
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