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Abstract 

Background Although physical activity (PA) is associated with significant health benefits, only a small percentage 
of adolescents meet recommended PA levels. This systematic review with meta-analysis explored the modifiable 
determinants of adolescents’ device-based PA and/or sedentary behaviour (SB), evaluated in previous interventions 
and examined the associations between PA/SB and these determinants in settings.

Methods A search was conducted on five electronic databases, including papers published from January 2010 
to July 2023. Randomized Controlled Trials (RCTs) or Controlled Trials (CTs) measuring adolescents’ device-based PA/
SB and their modifiable determinants at least at two time points: pre- and post-intervention were considered eligi-
ble. PA/SB and determinants were the main outcomes. Modifiable determinants were classified after data extraction 
adopting the social-ecological perspective. Robust Bayesian meta-analyses (RoBMA) were performed per each study 
setting. Outcomes identified in only one study were presented narratively. The risk of bias for each study and the cer-
tainty of the evidence for each meta-analysis were evaluated. The publication bias was also checked. PROSPERO ID: 
CRD42021282874.

Results Fourteen RCTs (eight in school, three in school and family, and one in the family setting) and one CT (in 
the school setting) were included. Fifty-four modifiable determinants were identified and were combined into 33 
broader determinants (21 individual–psychological, four individual–behavioural, seven interpersonal, and one insti-
tutional). RoBMAs revealed none or negligible pooled intervention effects on PA/SB or determinants in all settings. 
The certainty of the evidence of the impact of interventions on outcomes ranged from very low to low. Narratively, 
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intervention effects in favour of the experimental group were detected in school setting for the determinants: knowl-
edge of the environment for practicing PA, d = 1.84, 95%CI (1.48, 2.20), behaviour change techniques, d = 0.90, 95%CI 
(0.09, 1.70), choice provided, d = 0.70, 95%CI (0.36, 1.03), but no corresponding effects on PA or SB were found.

Conclusions Weak to minimal evidence regarding the associations between the identified modifiable determinants 
and adolescents’ device-based PA/SB in settings were found, probably due to intervention ineffectiveness. Well-
designed and well-implemented multicomponent interventions should further explore the variety of modifiable 
determinants of adolescents’ PA/SB, including policy and environmental variables.

Keywords Physical activity, Adolescents, Robust Bayesian Meta-analysis, Risk of bias, GRADE

Background
Regular physical activity (PA) is associated with sig-
nificant health-related benefits [1], effective cognitive 
functioning [2], and higher academic performance [3]. 
Conversely, physical inactivity is associated with an 
increased prevalence of obesity and cardiovascular dis-
eases [1, 4]. Thus, increasing PA levels can be considered 
a cost-effective strategy for improving people’s health and 
reducing the burden on health-care systems [5]. Con-
sidering this evidence, the World Health Organization 
(WHO) [6] recommends that children and adolescents 
should partake in at least 60 min of moderate to vigorous 
PA (MVPA) every day. However, globally, only one out of 
five adolescents meet WHO’s recommended levels of PA 
[4, 7, 8]. Moreover, the WHO has suggested that adoles-
cents should reduce sedentary behaviours (SB), especially 
recreational screen time [4, 6]. However, adolescents 
spend a lot of their leisure time in SB (e.g., screen-view-
ing) which has been associated with unfavourable body 
composition, lower fitness, and lower self-esteem [9]. The 
SB prevalence in European adolescents (boys and girls) 
seems to be extremely high (e.g., 76.8% in 2017) [10]. 
Other evidence has suggested that the average screen 
time for children and adolescents was 2.9 h/day while the 
total SB was 8.1 h/day and increased from early child-
hood through adolescence [11].

To reverse this alarming trend, the WHO has set a goal 
of reducing the incidence of worldwide physical inactiv-
ity by 15% by 2030 [12]. This goal can only be achieved if 
effective policies aimed at promoting PA and reducing SB 
are implemented [12, 13]. The European Union has also 
emphasized the need to implement effective policies to 
promote health-enhancing PA [14]. Policies provide the 
framework within which programmes and environmen-
tal interventions can operate [15] and as such they should 
be based on high-quality research evidence regarding 
the factors associated with adolescents’ PA in differ-
ent settings. Understanding which drivers (i.e., modifi-
able determinants) of PA work effectively in the various 
social or environmental contexts (i.e., settings), how 
these determinants interact with each other, and how to 

incorporate them in well-organized systems is critical for 
designing effective PA interventions [13, 16].

In this context, research should focus on understanding 
the determinants of PA/SB in different settings. Determi-
nants can be viewed as causal factors and mechanisms 
that include personal, social, economic, and environmen-
tal factors that drive and explain adaptations of behav-
iour in specific contexts [17]. From a social-ecological 
perspective, determinants can be individual (e.g., psy-
chological, behavioural), interpersonal (e.g., relationships 
with parents or peers), but also institutional, environ-
mental (e.g., organization or neighborhood characteris-
tics), community, or policy-related (e.g., laws, policies) 
[18]. Determinants can be non-modifiable (e.g., age, gen-
der) or modifiable (e.g., motivation, self-efficacy, family 
support, or transport infrastructure) meaning that they 
could be altered through an intervention [17]. Moreo-
ver, adolescents face rapid psychological and biological 
changes while being influenced by various determinants 
in different settings (e.g., school, family, neighborhood, 
and social networks). Hence, it is useful for research-
ers to identify which of these determinants have a posi-
tive impact on adolescents’ PA to design and implement 
effective interventions and policies to promote PA and to 
reduce SB [19–21].

The present study is part of the COST Action CA19101 
DEterminants of Physical Activities in SettingS (DE-PASS) 
[https:// depass. eu/] that aims to generate a best-evidence 
statement derived from high-quality research, to inform 
future interventions and policies targeting PA and SB. To 
achieve this objective, a series of systematic reviews and 
meta-analyses (SRMA) were conducted within DE-PASS, 
to examine the effects of modifiable determinants in pro-
moting PA and/or reducing SB in children and adoles-
cents, in different settings. The present study focused on 
adolescents’ device-based PA/SB and modifiable deter-
minants in different settings. Device-based measure-
ment methods of PA/SB are considered more sensitive to 
behaviour change (i.e., alteration in adolescents’ PA/SB) 
and less susceptible to recall errors [22, 23]. Moreover, by 
focusing only in device-based measurement methods of 

https://depass.eu/
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PA/SB the results across studies are more comparable and 
interpretable.

Previous evidence from systematic reviews regarding 
the effectiveness of determinants on PA/SB [21, 24–30] 
is mixed and/or inconclusive primarily due to the mod-
erate methodological quality (e.g., lack of assessment for 
publication bias) and the variety in the research designs 
and methodologies used (e.g., for measuring PA) in the 
included studies. In particular, most of the included stud-
ies involved a cross-sectional design [26–28] making 
it difficult to infer causal relationships between deter-
minants and PA/SB. For detecting potential causality 
between determinants and PA/SB appropriate research 
designs are needed such as randomized controlled trial 
(RCT) or controlled trial (CT) [17]. Moreover, some pre-
vious reviews focused on mixed populations including 
both children and adolescents or adults [28, 31, 32] and 
did not consider the setting of the interventions. Finally, 
most of the included studies used non-objective meas-
urement methods of PA/SB [25, 27] while some others 
a combination of self-report and device-based methods 
[28, 31, 32]. Using different methods for measuring PA/
SB may increase methodological variability making the 
comparison of the results more difficult.

Therefore, the present SRMA expanded previous research 
efforts by focusing on high-level evidence derived from 
RCTs or CTs and device-based methods for measuring ado-
lescents’ PA/SB in different settings. Actually, to our knowl-
edge, this is the first SRMA of RCTs and CTs that examined 
concurrently intervention effects both on modifiable deter-
minants and adolescents’ device-based PA/SB in different 
settings in order to infer, if possible, potential associations 
between determinants and PA/SB.

Despite the increasing research interest on adolescents’ 
PA, further research is needed to enrich our knowledge 
regarding adolescents’ PA, including intervention imple-
mentation and policy development [8]. Such evidence is 
considered critical for understanding the reasons for PA 
decline during adolescence [7, 33] and identifying poten-
tial barriers and facilitators of PA/SB [34] to develop and 
implement effective interventions for promoting ado-
lescents’ PA in different settings and informing related 
public health policies [8, 21]. Consequently, the results of 
this study can provide valuable information regarding the 
modifiable determinants that can increase adolescents’ 
PA or reduce SB more effectively in different settings.

The aims of this SRMA were a) to identify modifiable 
determinants of adolescents’ device-based PA/SB that 
were targeted in RCTs and CTs in different settings, b) to 
examine the effects of these interventions on PA/SB and 
modifiable determinants and c) to explore the potential 
associations of these determinants with adolescents’ PA/
SB in different settings.

Methods
Protocol and registration
A common protocol for all SRMAs for children and ado-
lescents conducted under the DE-PASS consortium has 
been registered in the international prospective regis-
ter of systematic reviews (PROSPERO) on October 12, 
2021 with the registration number: CRD42021282874 
and subsequently published [35]. The present study was 
reported according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment [36].

Eligibility criteria
Eligible studies had to meet the following inclusion crite-
ria: a) adolescents (13–19 years) with no reported medi-
cal conditions that would hinder habitual PA, b) adopt a 
RCT/CT design with an intervention for promoting PA 
and/or reducing SB and a control or other comparison 
group, c) report PA/SB as an outcome measure using 
device-based methods, d) examine modifiable determi-
nants of PA/SB, e) measure both PA/SB and determinants 
at least at two-time points: pre- and post-intervention, 
and g) be published in a peer-reviewed journal after 
2010 (following the first publication of PA guidelines by 
the WHO) [37]. High-quality evidence can be derived 
from RCTs and CTs that can detect potential causality 
between modifiable determinants and adolescents’ PA/
SB [14]. Device-based measurement methods of PA/
SB are considered more sensitive to behaviour change 
(i.e., alteration in adolescents’ PA/SB) compared to self-
report methods, which are susceptible to recall errors 
and bias [22, 23]. All forms of PA were eligible, includ-
ing structured PA (e.g., PA in physical education), exer-
cise (e.g., gym), leisure-time PA, competitive sport (e.g., 
football training), active transport PA, or other PA types 
(e.g., habitual PA). Similarly, various SB activities were 
included such as screen-based activities (e.g., TV view-
ing time, homework on computers), transport-related SB 
(e.g., sitting in a bus) or leisure-time SB (e.g., reading). 
Νo specific criterion was set regarding the length of the 
intervention. Studies involving participants outside of 
the age range (13–19 years) were excluded unless they 
reported data for a subgroup with a mean age within the 
eligible range. Grey literature (e.g., research reports, con-
ference proceedings, and theses) was excluded. Studies 
published in languages other than English were included 
only if a translation could be provided by a member of 
the research team.

Search strategy
A search was conducted in the following electronic data-
bases: PsycINFO (EBSCO), MEDLINE (Ovid), Web of 
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Science, Sport Discus, and Cochrane Central Register of 
Controlled Trials (CENTRAL) from January 2010 (fol-
lowing the first publication of PA guidelines by the WHO 
[37]) to September 2021. This search was updated in July 
2023 [38]. A detailed description of the search terms, 
Boolean commands, and field indicators are detailed in 
the protocol paper [35]. The following search terms were 
relevant and used for this systematic review (SR): a) PA, 
b) SB, c) RCT, d) CT, e) determinants commonly used in 
PA research, f ) adolescents, and g) device-based PA/SB 
measurement methods (e.g., accelerometer, pedometer). 
Synonyms and related terms that are commonly used in 
PA/SB research for all these search terms were also used.

Screening process
Members of the review team performed an initial screen-
ing using reference management software (EndNote × 9) 
[39] to exclude records of grey literature and duplicates. 
The resulting list of studies was uploaded to Covidence 
[40], an online tool for SRs, which was used by a group 
of reviewers to review the studies [36]. After this initial 
phase, the blinded screening process was completed 
in two consecutive stages, including title and abstract 
screening and full-text screening. In both stages, each 
study was screened by two blinded independent review-
ers, randomly selected by Covidence. A third reviewer 
resolved conflicts, if necessary. The evaluation of stud-
ies in the title/abstract and full-text screening was based 
on a decision tree illustrating the criteria for inclusion/
exclusion. Reasons for excluding a study at the full-text 
stage were recorded. The included studies were then 
checked for duplicate reporting [41].

Data extraction
Two independent reviewers extracted data from each 
study using a form created in Covidence. Missing data 
or clarifications were requested from the correspond-
ing authors, where necessary. Studies with incomplete 
data were excluded. Conflicts between reviewers regard-
ing the correctness of the extracted data were resolved 
through online bilateral consensus meetings. The data 
extracted included the description of the study and the 
respective intervention, participants’ characteristics, the 
measures of PA/SB and modifiable determinants, the 
study time frames, and results [35].

Risk of bias
Risk of bias was assessed with a modified version of the 
Cochrane risk of bias tool for randomized trials (RoB 
V.2.0) and non-randomized studies of intervention 
(ROBINS-I) [42], whereby the domain concerning the 
bias in the measurement of the outcome was duplicated 

to assess both PA/SB and determinant outcomes. Risk 
of bias assessment was conducted by the same two 
independent reviewers who extracted the data from the 
respective studies. A separate, dedicated form was cre-
ated in Covidence to facilitate this process. Discrepancies 
between reviewers were resolved by reaching a consensus 
on the correctness of the assessment with the contribu-
tion of a third reviewer, if necessary.

Data synthesis and statistical analysis
The main outcomes in the present SRMA were adoles-
cents’ PA and/or SB measured with device-based meth-
ods (i.e., accelerometers, pedometers, and phone-based 
pedometer apps) and the modifiable determinants of PA/
SB. The total PA/SB throughout the day was used as an 
outcome. In cases where total PA/SB was not measured 
in a study, or if multiple PA/SB outcomes were reported, 
the outcome most representative of habitual PA/SB (e.g., 
MVPA/day) was used. Modifiable determinants were 
classified after data extraction by adopting the social-eco-
logical perspective [18]. In cases where similarities among 
determinants were identified, conceptually-related deter-
minants were combined into broader determinants. For 
example, the self-determined motivational regulations 
(i.e., intrinsic motivation and identified regulation) were 
merged into the determinant of autonomous motivation, 
while the non-self-determined motivational regulations 
(i.e., introjected regulation and external motivation) were 
merged into the determinant of controlled motivation. 
Moreover, the psychological needs of autonomy, com-
petence, and relatedness were merged into the deter-
minant of basic psychological needs [43]. By the same 
token, conceptually similar determinants were analyzed 
together. For example, determinants related to self-effi-
cacy and confidence regarding PA/SB were all considered 
under the label of the determinant of self-efficacy. For all 
these cases, composite scores of multiple outcomes were 
calculated using respective formulas (Additional file  1) 
suggested by Borenstein et al. [44]. The robustness of the 
composite scores and the effect sizes, when different cor-
relation coefficients were applied to the calculation, were 
tested through a sensitivity analysis [44].

Outcomes (i.e., PA/SB and determinants) were included 
in meta-analysis (MA) by study setting providing that at 
least two studies reported the same outcome in a specific 
setting. Intervention effects on determinants were analyzed 
regardless of their PA/SB outcomes. The results of the out-
comes identified in only one study were presented narra-
tively. Studies including habitual and non-habitual PA (e.g., 
PA during physical education) were analyzed separately. 
Short-term (up to 6 months) and long-term (over 6 months) 
follow-up measurements were analyzed separately.
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The effect size metric of the “standardised mean differ-
ence” and the standard error were calculated for all out-
comes of studies included in this SR and meta-analyzed 
or presented narratively. MAs were performed in JASP 
0.17.1 statistics software [45] adopting the robust Bayes-
ian meta-analysis (RoBMA) [46] which uses the RoBMA 
R package [47] and Markov Chain Monte Carlo algo-
rithms via JAGS [48]. We used only random-effects part 
of the RoBMA model ensemble with the default prior 
distributions resulting in 18 included models (detailed 
RoBMA specification can be found in [49]). We used 
Bayes factor  (BF10) to measure evidence of the presence 
of an effect (alternative hypothesis) over the absence of 
an effect (null hypothesis). The same criteria were also 
applied to publication bias assessment.  BF10 were inter-
preted using the Lee and Wagenmakers’ thresholds [50]. 
 BF10 values between 1 and 0.33 represent anecdotal evi-
dence (i.e., presence or absence of an effect cannot be 
ascertained),  BF10 values between 0.33 and 0.1 represent 
moderate evidence, and  BF10 values below 0.1 repre-
sent strong evidence for the null hypothesis. A detailed 
presentation of the cut-off criteria for the interpretation 
of  BF10 is included in Additional file  2. The effect sizes 
of Cohen’s d with a 95% credible interval (CI) were also 
reported. For interpreting these results, effect size values 
above 0.20 were considered a small effect, values above 
0.50 a moderate effect and values above 0.80 a large effect 
[51]. The degree of heterogeneity was assessed by the 
between-study standard deviation τ. For readers unfa-
miliar with RoBMA, classical frequentist MAs with ran-
dom effects were additionally performed and the results 
including effect size (95% CI) and heterogeneity are pre-
sented in Additional file 3.

Certainty of evidence
The certainty of the evidence for each outcome was 
evaluated with the Grading Recommendations to Assess 
Development and Evaluation system (GRADE) [52]. The 
GRADE classification includes four possible levels: Very 
low (the true effect is probably markedly different from 
the estimated effect); Low (the true effect might be mark-
edly different from the estimated effect); Moderate (the 
true effect is probably close to the estimated effect); High 
(the true effect is similar to the estimated effect). Five fac-
tors, namely the risk of bias, imprecision, inconsistency, 
indirectness, and publication bias can be considered rel-
evant for downgrading the certainty of the evidence. Two 
independent reviewers evaluated the certainty of the 
evidence using GRADE. Discrepancies between review-
ers were resolved by achieving a consensus, while a third 
reviewer was consulted, if necessary.

Training process
All reviewers involved in the screening process, data 
extraction, assessment of the risk of bias and certainty 
of evidence attended online workshops, to perform the 
above-described steps efficiently and to ensure mutual 
understanding and consistent practice. A constant 
communication process among reviewers and with the 
study leaders was also maintained during all stages of 
the SRMA research process.

Results
Study selection
In total, 102,560 records were identified through the 
search of electronic databases. After removing dupli-
cate results, 27,587 records were included in the 
screening process. Title and abstract screening resulted 
in 1,758 full-text articles. Full-text screening resulted 
in 177 eligible studies for all DE-PASS reviews, focus-
ing on children and adolescents and involving RCT, CT 
and longitudinal studies. The present review included 
the 15 studies (14 RCTs, one CT) measuring adoles-
cents’ device-based PA/SB measurement and modifi-
able determinants (PRISMA flow diagram Fig. 1 [36]).

Study characteristics
The characteristics of the included studies are summa-
rized in Table  1. A total number of 8531 adolescents 
(5310 girls) participated in the included studies ranging 
from 40 to 2862 participants in each of the individual 
studies.

Settings
The 14 RCTs [53–66] and the one CT [67] included 
were conducted in three settings, namely school (11 
studies), school and family (three studies), and family 
(one study).

Determinants
In total, 54 modifiable determinants were identified 
in the 15 studies. These modifiable determinants were 
classified following the social-ecological perspec-
tive [18]. Most of them were individual–psychological 
(n = 37), some were interpersonal (n = 11) and a few 
were individual–behavioural (n = 4) or institutional 
(n = 2). After combining conceptually-related determi-
nants into broader determinants, 33 determinants were 
introduced in the analyses (21 individual–psychologi-
cal, four individual–behavioural, seven interpersonal 
and one institutional). Twelve determinants were iden-
tified in two or more studies conducted in a specific 
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setting and were, as mentioned in the methods section, 
included in the meta-analysis, while the rest, identified 
in only one study, are presented narratively.

PA and SB outcomes
Thirteen RCTs [53–56, 58–66] measured habitual PA/SB, 
one RCT [57] non-habitual/structured PA/SB (i.e., during 
physical education), while one CT [67] measured SB in 

the classroom. Thirteen studies used accelerometers [53–
62, 65, 66], one study used pedometers [63] and one used 
a mobile phone-based pedometer app [64].

School setting
Ten RCTs [53–60, 65, 66] and one CT [67] published 
from 2013 to 2023 were included. Nine RCTs [53–56, 
58–60, 65, 66] measured habitual PA/SB, one [57] 

Fig. 1 PRISMA flowchart of included studies, eligibility, inclusion, and exclusion criteria
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measured structured PA/SB (i.e., during physical educa-
tion), and one CT [67] measured SB in the classroom, 
all using accelerometers. The number of participants in 
these studies ranged from 40 to 1558 and the interven-
tion duration ranged from four weeks to six months, 
except for one study including a single physical educa-
tion session [57]. Three studies [54, 58, 66] included 
post-intervention follow-up measures (10-, three-, and 
six-months post-intervention, respectively). All studies 
based the design of their interventions on one or more 
theories and all focused on increasing adolescents’ PA 
and/or decreasing SB and enhancing related psychoso-
cial variables. These studies were implemented during 
the school schedule either during physical education or 
in sport-related school programs [53–58], while some 
others [59, 60, 65, 66] involved additional extra-curricu-
lar activities (e.g., asking students to participate in after 
school PAs) (Table 1).

RCTs
Determinants
In total, 36 modifiable determinants were identified in 
the school setting (25 individual–psychological, three 
individual–behavioural and eight interpersonal). After 
merging conceptually-related determinants into broader 
categories, 25 determinants were included in the analyses 
(16 individual–psychological, three individual–behav-
ioural, and six interpersonal). Ten of these determinants 
were included in more than two studies and were meta-
analyzed (Table 2; Fig. 2a to k). We found strong evidence 
for the absence of an effect on autonomous motivation, 
basic psychological needs and self-efficacy, moderate 
evidence for the absence of an effect on friendship qual-
ity, intentions, controlled motivation, social support by 
peers, perceived barriers to PA and enjoyment, and anec-
dotal evidence for the absence of an effect on perceived 
autonomy support.

Fifteen different determinants were identified in only 
one of the studies conducted in the school setting and are 
presented narratively. Large standardized mean differ-
ences in favour of the experimental group were found in 
knowledge of the environment for practicing PA, d = 1.84, 
95%CI (1.48, 2.20) [65], in behaviour change techniques 
(BCTs), d = 0.90, 95%CI (0.09, 1.70) [60] and medium dif-
ferences in choice provided by teachers, d = 0.70, 95%CI 
(0.36, 1.03) [57]. For other determinants nonsignificant 
intervention effects (ds ranging from -0.41 to 0.71) were 
found. Notably, there were medium differences in fun-
damental movement skills, d = 0.71, 95%CI (-0.19, 1.61) 
[59], and low differences in coping planning at post-
intervention, d = 0.30, 95%CI (-0.05, 0.65) and 3-months 
follow-up, d = 0.31, 95%CI (-0.07, 0.69) [58]. However, in 
these cases, the 95%CIs crossed the threshold.

PA and SB
One RoBMA was conducted for PA (Fig.  3a), one for 
SB (Fig.  3b) and one for short-term (up to six months) 

Table 2 Results of RoBMAs in the school setting for PA, SB, their 
determinants and the associated heterogeneity and publication 
bias assessments

a moderate evidence for absence of an effect
b strong evidence for absence of an effect

n Effect size 
estimates 
(95%CI)

BF10

MA – Friendship quality (Fig. 2a) 2 0.08 (-0.35, 0.44) 0.20a

Heterogeneity (τ) 0.18 (0.05, 0.57) -

Publication bias - 0.90

MA – Intentions (Fig. 2b) 3 0.04 (-0.33, 0.34) 0.14a

Heterogeneity (τ) 0.15 (0.04, 0.45) -

Publication bias 0.98

MA – Autonomous motivation (Fig. 2c) 4 -0.02 (-0.33, 0.24) 0.10b

Heterogeneity (τ) 0.16 (0.04, 0.43) -

Publication bias - 0.63

MA – Controlled motivation (Fig. 2d) 4 -0.06 (-0.42, 0.28) 0.14a

Heterogeneity (τ) 0.23 (0.05, 0.57) -

Publication bias - 0.64

MA – Basic psychological needs 
(Fig. 2e)

2 -0.01 (-0.34, 0.28) 0.08b

Heterogeneity (τ) 0.10 (0.03, 0.31) -

Publication bias - 0.60

MA – Self-efficacy (Fig. 2f ) 5 0.05 (-0.09, 0.18) 0.09b

Heterogeneity (τ) 0.09 (0.03, 0.20) -

Publication bias - 0.73

MA – Social support by peers (Fig. 2g) 3 0.04 (-0.25, 0.30) 0.11a

Heterogeneity (τ) 0.11 (0.03, 0.34) -

Publication bias - 1.39

MA – Perceived autonomy support 
(Fig. 2h)

2 0.18 (-0.95, 1.07) 0.59

Heterogeneity (τ) 0.54 (0.08, 1.75) -

Publication bias 1.59

MA – Perceived barriers to PA (Fig. 2j) 2 0.08 (-0.55, 0.52) 0.23a

Heterogeneity (τ) 0.18 (0.04, 0.63) -

Publication bias 1.28

MA – Enjoyment (Fig. 2k) 2 0.05 (-0.55, 0.56) 0.24a

Heterogeneity (τ) 0.20 (0.04, 0.75) -

Publication bias 0.46

MA—PA (Fig. 3a) 9 -0.04 (-0.18, 0.10) 0.07b

Heterogeneity (τ) 0.11 (0.03, 0.26) -

Publication bias - 0.47

MA—SB (Fig. 3b) 6 -0.09 (-0.29, 0.11) 0.17a

Heterogeneity (τ) 0.14 (0.05, 0.35) -

Publication bias - 0.35

MA – PA follow-up (Fig. 3c) 2 -0.22 (-0.77, 0.23) 0.37

Heterogeneity (τ) 0.19 (0.04, 0.70) -

Publication bias - 0.50



Page 14 of 26Kolovelonis et al. BMC Public Health         (2024) 24:1706 

post-intervention follow-up PA (Fig. 3c). Strong evidence 
for the absence of an effect on PA, moderate evidence for 
the absence of an effect on SB, and anecdotal evidence for 
the absence of an effect on follow-up PA were found. One 
study, included a long-term (over six months) follow-up 
measure [54] and showed small negative and nonsignifi-
cant effects on PA and SB (ds = -0.10 and -0.11, respec-
tively). One study [57] measuring non-habitual PA (i.e., 
MVPA and percentage of SB in a single 20-min physical 
education session) reported no intervention effects.

All MAs show small heterogeneity accompanied, 
however, by a large degree of uncertainty due to limited 
number of studies in each MA. There is also insufficient 
evidence for publication bias (Table 2).

CT
The only CT [67] included in our study, delivered in 
the school setting, revealed moderate intervention 
effects, with the 95%CIs crossing the threshold, for habit 
strength, d = 0.44, 95%CI (-0.02, 0.90) and self-efficacy, 
d = 0.39, 95%CI (-0.07, 0.85) for replacing classroom sit-
ting with standing, accompanied with large effects in 
reducing SB (sitting), d = 0.92, 95%CI (0.43, 1.41).

Risk of bias assessment
The results of the risk of bias assessment are presented 
in the traffic light plot [68] in Fig. 4. An overall high-risk 
of bias evaluation was determined for the 10 RCTs in 
the school setting. Domain 5 (bias due to measurement 

Fig. 2 Forest plots of effects of interventions on determinants in the school setting
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of determinants) and domain 2 (bias due to deviations 
from the intended interventions) mainly contributed 
to these evaluations. Regarding domain 5, partici-
pants were unlikely to be blinded in most interventions 
involving self-report measurements of the determi-
nants. For domain 2, the lack of an appropriate analysis 
used to estimate the effect of assignment to intervention 

and the potential impact of this failure on the result 
contributed to these evaluations. An overall high-risk 
was assessed for the one CT in the school setting mainly 
due to the judgement in domain 7 (bias due to meas-
urement of determinants), domain 5 (bias due to miss-
ing data) and domain 8 (bias in selection of reported 
results) (Fig. 5).

Fig. 3 Forest plots of effects of interventions on (a) PA, (b) SB, and (c) on PA-follow-up in the school setting
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Certainty of the evidence
The certainty of the evidence for PA, SB, PA (follow-
up), friendship quality, basic psychological needs, self-
efficacy, social support by peers, perceived barriers to 
PA, and enjoyment was rated as low and for intentions, 
autonomous motivation, controlled motivation, and 
perceived autonomy support as very low, largely due to 
imprecision (Table 3).

School and family setting
Three RCTs [61–63], all theory-based, measuring habit-
ual PA using accelerometers [61, 62] or pedometers 
[63], published from 2010 to 2019 were included. These 
studies included a school-based intervention with addi-
tional intervention components involving parents and 
PA related activities at home. The number of the par-
ticipants ranged from 124 to 1550 and the intervention 
duration ranged from four weeks to one year. Lubans 
et al. [63] analyzed data separately for boys and girls and 
thus this study was introduced in the MA twice, once for 
boys and once for girls. No study included a post-inter-
vention follow-up measure. Interventions focused mainly 
on increasing adolescents’ PA and/or decreasing SB and 
enhancing related psychosocial variables (Table 1).

Determinants
In total, 18 modifiable determinants were identified in the 
school and family setting (10 individual–psychological, one 
individual–behavioural, five interpersonal, and two insti-
tutional). Merging conceptually-related determinants into 
broader categories resulted in a final number of 10 determi-
nants (five individual–psychological, one individual–behav-
ioural, three interpersonal, and one institutional). Two of 
these determinants (i.e., self-efficacy and social support by 
family; Fig.  6a,b respectively) were measured in more than 
two studies and meta-analyzed. Moderate evidence to suggest 
the absence of an effect on self-efficacy and social support by 
family were found. The evidence to suggest the presence or 
absence of publication bias was insufficient (Table 4).

Regarding determinants measured in only one study, 
nonsignificant intervention effects (ds ranged from -0.04 
to 0.15) were found.

PA
One RoBMA was conducted for PA (Fig.  6c) showing 
insufficient evidence to suggest the presence or absence 
of an effect on PA, publication bias and heterogeneity. 
(Table 4). Only one study [62] measured SB and reported 
negligible intervention effects (d = -0.08).

Fig. 4 Risk of bias assessments of RCTs in the school setting
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Risk of bias assessment
An overall high-risk of bias evaluation was determined for 
the three RCTs in the school and family setting. Domain 1 
(bias arising from the randomization process), domain 5 
(bias due to the measurement of determinants) and domain 
2 (bias due to deviations from the intended interventions) 
primarily contributed to these evaluations (Fig. 7).

Certainty of evidence
The certainty of the evidence for PA and self-efficacy was 
rated as very low and for social support by family as low, 
largely due to imprecision (Table 3).

Family setting
One RCT [64] measuring habitual PA using a mobile 
phone-based pedometer app in the family setting was 
identified. Forty-two adolescent girls participated in this 
six-week multi-component intervention based on the 
self-determination theory. No follow-up measures were 
included (Table 1). The nine determinants (all individual–
psychological) identified were merged into six broader 
determinants. Nonsignificant intervention effects on the 
determinants were found (ds ranged from -0.23 to 0.59). 
Notably, medium standardized mean differences in favour 
of the experimental group were found for body appre-
ciation, d = 0.59, 95%CI (-0.03, 1.21), and small differences 
for perceived competence, d = 0.37, 95%CI (-0.24, 0.98), 
autonomous motivation, d = 0.33, 95%CI (-0.08, 0.73), and 
amotivation, d = 0.27, 95%CI (-0.34, 0.88). However, for all 
these determinants the 95%CIs crossed the threshold. No 
intervention effect on PA (d = 0.00) was found.

Risk of bias assessment
An overall high-risk of bias evaluation was determined 
for this study [64] mainly due to domain 1 (bias arising 

from the randomization process) and domain 5 (bias due 
to the measurement of determinants) (Fig. 8).

Sensitivity analysis
For outcomes requiring estimations of composite scores, 
sensitivity analyses were performed showing no differ-
ence in the effect sizes when r was set at 0.2, 0.5 and 0.8.

Discussion
The aim of this SRMA was threefold: (a) to identify modi-
fiable determinants of adolescents’ device-based PA/SB 
that were targeted in RCTs and CTs in different settings, 
(b) to examine the intervention effects on PA/SB and 
modifiable determinants and (c) to investigate the poten-
tial associations of modifiable determinants with adoles-
cents’ PA/SB. A wide range of modifiable determinants 
were identified. Generally, none or negligible evidence 
for intervention effect on adolescents’ device-based PA/
SB and modifiable determinants were found, while the 
certainty of this evidence ranged from very low to low. 
Moreover, this review provided weak evidence regarding 
how modifiable the identified determinants are and the 
corresponding changes of these determinants with ado-
lescents’ device-based PA/SB in three different settings 
(i.e., school, family, school and family). Methodological 
issues in the implementation and evaluation of the inter-
ventions were identified and the characteristics of the 
effective PA interventions were highlighted.

In particular, 54 determinants merged into 33 broader 
determinants were identified in the 14 RCTs and one CT 
included in this SRMA. Similar to previous reports [27], 
most of these determinants were individual–psychologi-
cal, some interpersonal, and very few individual–behav-
ioural or institutional [18]. None or negligible pooled 
intervention effects on the determinants were found. In 

Fig. 5 Risk of bias assessments of CT in the school setting
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Table 3 Quality of evidence (GRADE) of PA, SB, and modifiable determinants in settings

As the domain 5 of the risk of bias (i.e., risk of bias in measurement of the determinants) is almost inevitable in the nature of the interventions conducted, it was 
decided that it should be treated more leniently in GRADE

(1) = Risk of bias, (2) = Inconsistency, (3) = Indirectness, (4) = Imprecision, (5) = Other considerations
a Downgraded one level due to high and/or some concerns of bias in more than one domain for the majority of included studies in the respective outcome (see Figs. 4 
and 7)
b Downgraded one level due to inconsistency [minimal overlap of 95%CI (see respective forest plots in Figs. 3b, 6c, a) and evidence for heterogeneity]
c Downgraded one level due to inconsistency (lack of overlap of 95%CI; see respective forest plots in Fig. 2b,c, d)
d Downgraded two level due to inconsistency (lack of overlap of 95%CI and very different estimates; see respective forest plots in Fig. 2h)
e Downgraded one level due to imprecision (relatively wide 95%CI on the overall estimate including potential for both positive and negative effects; see respective 
forest plots in Figs. 2a-g, j, k, 3a, b, 6a-c)
f Downgraded two levels due to imprecision (very wide 95%CI on the overall estimate including potential for both positive and negative effects; see respective forest 
plot in Fig. 2h

Outcome Studies (1) (2) (3) (4) (5) Effect (95%CI) Certainty

School setting

PA Andruschko et al. 2018 [59]; Casado-
Robles et al. 2022 [65]; Corder et al. 
2016 [53]; Corder et al. 2020 [54]; Ha 
et al. 2020 [55]; Hankonen et al. 2017 
[60]; Jago et al. 2021 [56]; Schnider 
et al. 2021 [58]; Verswijveren et al. 
2022 [66]

seriousa not serious not serious seriouse none -0.04 (-0.18, 0.10) ⨁⨁◯◯
Low

SB Andruschko et al. 2018 [59]; 
Casado-Robles et al. 2022 [65]; 
Corder et al. 2020 [54]; Hankonen 
et al. 2017 [60]; Jago et al. 2021 
[56]; Verswijveren et al. 2022 [66]

seriousa seriousb not serious seriouse none -0.09 (-0.29, 0.11) ⨁⨁◯◯
Low

PA (follow-up) Schnider et al. 2021 [58]; Verswi-
jveren et al. 2022 [66]

seriousa not serious not serious seriouse none -0.22 (-0.77, 0.23) ⨁⨁◯◯
Low

Friendship quality Corder et al. 2016 [53]; Corder 
et al. 2020 [54]

seriousa not serious not serious seriouse none 0.08 (-0.35, 0.44) ⨁⨁◯◯
Low

Intentions Ha et al. 2020 [55]; Casado-Robles 
et al. 2022 [65]; Schnider et al. 
2021 [58]

seriousa seriousc not serious seriouse none -0.03 (-0.45, 0.33) ⨁◯◯◯
Very low

Autonomous motivation Casado-Robles et al. 2022 [65]; Ha 
et al. 2020 [55]; Jago et al. 2021 
[56]; Schnider et al. 2021 [58]

seriousa seriousc not serious seriouse none -0.06 (-0.41, 0.24) ⨁◯◯◯
Very low

Controlled motivation Casado-Robles et al. 2022 [65]; Ha 
et al. 2020 [55]; Jago et al. 2021 
[56]; Schnider et al. 2021 [58]

seriousa seriousc not serious seriouse none -0.10 (-0.49, 0.26) ⨁◯◯◯
Very low

Basic psychological needs Ha et al. 2020 [55]; Jago et al. 
2021 [56]

seriousa not serious not serious seriouse none -0.01 (-0.34, 0.28) ⨁⨁◯◯
Low

Self-efficacy Corder et al. 2016 [53]; Corder 
et al. 2020 [54]; Jago et al. 2021 
[56]; Schnider et al. 2021 [58]; 
Verswijveren et al. 2022 [66]

seriousa not serious not serious seriouse none 0.05 (-0.09, 0.18) ⨁⨁◯◯
Low

Social support by peers Corder et al. 2016 [53]; Corder et al. 
2020 [54]; Jago et al. 2021 [56]

seriousa not serious not serious seriouse none 0.04 (-0.25, 0.30) ⨁⨁◯◯
Low

Perceived autonomy support Casado-Robles et al. 2022 [65]; Ha 
et al. 2020 [55]

seriousa very  seriousc not serious very  seriousf none 0.18 (-0.95, 1.07) ⨁◯◯◯
Very low

Perceived barriers to PA Corder et al. 2016 [53]; Verswi-
jveren et al. 2022 [66]

seriousa not serious not serious seriouse none 0.08 (-0.55, 0.52) ⨁⨁◯◯
Low

Enjoyment Andruschko et al. 2018 [59]; 
Verswijveren et al. 2022 [66]

seriousa not serious not serious seriouse none 0.05 (-0.55, 0.56) ⨁⨁◯◯
Low

School and family setting

PA Aittasalo et al. 2019 [61]; Dewar 
et al. 2014 [62]; Lubans et al. 2010 
[63]

seriousa seriousb not serious seriouse none 0.05 (-0.86, 0.74) ⨁◯◯◯
Very low

Self-efficacy Dewar et al. 2014 [62]; Lubans 
et al. 2010 [63]

seriousa seriousb not serious seriouse none 0.04 (-0.39, 0.40) ⨁◯◯◯
Very low

Social support by family Dewar et al. 2014 [62]; Lubans 
et al. 2010 [63]

seriousa not serious not serious seriouse none -0.03 (-0.45, 0.31) ⨁⨁◯◯
Low
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many cases, RoBMAs provided insufficient evidence for 
the presence or the absence of an effect. Regarding the 
determinants identified in only one study, moderate to 
large differences in favour of the experimental group 
were found in knowledge of the environment for prac-
ticing PA, BCTs, and choice provided (school setting). 

However, in almost all cases, these differences did not 
correspond to respective improvements in PA. Moreo-
ver, none or negligible pooled intervention effects on 
adolescents’ device-based PA or SB in settings were 
found. Intervention effects on reducing SB were found 
only in the CT [67] examining sitting in the classroom. 

Fig. 6 Forest plots of effects of interventions on (a) self-efficacy, (b) social support by family (c) PA in the school and family setting
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Post intervention short-term and long-term follow-up 
effects on PA/SB were also negative. The lack of changes 
in the identified determinants and the corresponding PA/
SB may be due to ineffectiveness of the interventions. 
This, however, does not imply the lack of relationships 
between determinants and PA/SB. Actually, considering 
that determinants have been viewed as “causal factors, 
and variations in these factors are followed systemati-
cally by variations in PA” ([17], p. 6), the lack of change 
in determinants found in the present review was rather 
expected to lead to lack of change in PA/SB.

Previous studies have also reported minimal effects 
of interventions on adolescents’ device-based PA [8]. 
Indeed, a SRMA of RCTs in school settings found small 
and nonsignificant pooled effects on device-based meas-
ured total PA and MVPA [69, 70]. Similarly, small to neg-
ligible pooled intervention effects on device-based PA 

Table 4 Results of RoBMAs in the school and family setting 
for PA and determinants and the associated heterogeneity and 
publication bias assessments

*moderate evidence for absence of an effect

n Effect size 
estimates 
(95%CI)

BF10

MA – Self-efficacy (Fig. 6a) 3 0.04 (-0.39, 0.40) 0.18*

Heterogeneity (τ) 0.14 (0.03, 0.43) -

Publication bias - 0.70

MA – Social support by family (Fig. 6b) 3 -0.03 (-0.45, 0.31) 0,15*

Heterogeneity (τ) 0.04 (0.00, 0.27) -

Publication bias - 0.55

MA—PA (Fig. 6c) 4 0.05 (-0.86, 0.74) 0.39

Heterogeneity (τ) 0.36 (0.00, 1.06) -

Publication bias - 1.68

Fig. 7 Risk of bias assessments of RCTs in the school and family setting

Fig. 8 Risk of bias assessments of RCT in the family setting
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and a small effect on MVPA in RCTs or CTs with par-
ticipants younger than 16 years old were found [71, 72]. 
Other reviews including studies measuring both self-
report and device-based PA found a very small positive 
effect of school-based PA intervention on adolescent 
girls’ PA [73], negligible effects on MVPA and no effects 
on total PA in children aged 5 to 18 years [74].

Within the school setting, evidence for the absence of 
an effect was found on both determinants (i.e., basic psy-
chological needs, self-efficacy, friendship quality, inten-
tions, autonomous and controlled motivation, social 
support by peers, and perceived autonomy support) and 
PA/SB. Available evidence regarding these determinants 
is mixed, whereas for some determinants only evidence 
from studies with adults were available. For example, a 
recent SRMA [75] has suggested, with low certainty of 
evidence, that school-based PA interventions may be 
effective in increasing some motivational outcomes (i.e., 
autonomous forms of motivation and task orientation) 
but less so for others (i.e., basic psychological needs). 
A MA of cross-sectional or longitudinal studies sug-
gested that social support was not a strong predictor of 
adolescent girls’ PA [76], while SRMAs of longitudinal 
and experimental [77] and RCT studies [78] in adults 
reported positive associations between intentions and PA 
levels.

Narratively, large differences in favour of the experi-
mental group were found for knowledge of the envi-
ronment for practicing PA [65] without, however, 
corresponding effects on PA or SB. Knowledge about 
practicing PA may be a facilitator of adolescents’ PA 
[34]. Similarly, large effects were also found for BCTs 
(e.g., goal setting and self-monitoring) [60] without cor-
responding effect on PA. The evidence on the BCTs like 
goal setting, and self-monitoring is limited, and although 
there is evidence of promise, as highlighted from the fea-
sibility study [60], the evidence is not sufficiently robust, 
and should be treated with caution. Following some posi-
tive associations between PA and self-monitoring, goal 
setting, and other self-regulatory BCTs reported in vari-
ous settings among adults [79], the effects of these deter-
minants on adolescents’ PA may be further explored. 
Moderate intervention effects on students’ perceptions of 
choice provided by their teacher but not on MVPA and 
SB after a single 20-min physical education session were 
found [57]. This finding was aligned with previous evi-
dence where teachers’ perceived autonomy support did 
not increase students’ PA [80]. Generally, interventions 
can increase students’ MVPA during physical education 
classes [81], although, considering the results of the pre-
sent and previous studies [73], the effects of school-based 
interventions on increasing students’ total PA cannot be 
ascertained.

In the school and family setting, RobMAs revealed 
insufficient evidence to suggest the presence or absence 
of an effect on PA and moderate evidence to suggest 
absence of an effect on self-efficacy and social support 
by family. Negligible, pooled intervention effects were 
found for self-efficacy and PA with evidence for hetero-
geneity. Yet, through a mediation study [63] the positive 
intervention effects on self-efficacy were not associated 
with changes in PA. Convincing evidence regarding the 
positive associations between self-efficacy and overall 
PA in adolescents [27] and the reduction of SB in both 
children/adolescents and adults [82] have been previ-
ously reported. Regarding social support, previous evi-
dence suggests that it is not a strong predictor of PA in 
adolescent girls [76]. Narratively, positive intervention 
effects on family norm of setting limitations for screen 
time were detected but no corresponding effects on the 
device-based PA were found [61]. Aittasalo et  al. [61], 
however, used non-validated questionnaires for meas-
uring parental indicators and faced a high dropout rate 
from the accelerometer both pre- and post-intervention.

Only one RCT [64] identified in the family setting 
showing nonsignificant intervention effects on the deter-
minants (all individual–psychological) and PA. Previous 
evidence has suggested that perceived competence was 
positively associated with PA when mainly measured 
through self-report methods among children and ado-
lescents [83]. Regarding motivation, although weak to 
moderate positive associations of PA with autonomous 
forms of motivation in children and adolescents have 
been reported [84], a more recent SRMA using a meta-
regression analysis showed that increases in autonomous 
motivation were not significantly related to increases in 
PA [79]. Thus, further research should explore the effects 
of the determinants on adolescents’ PA/SB in family set-
ting, including determinants related to parents and fam-
ily environment.

The certainty of evidence found ranged from very low 
to low mainly due to the high risk of bias and imprecision 
(i.e., relatively wide 95%CI on the overall estimate includ-
ing the potential for both positive and negative effects). 
Possible explanations for the lack of intervention effects 
on PA/SB and determinants may include poor implemen-
tation of the interventions [54, 63], use of non-validated 
questionnaires for measuring the determinants [60, 61], 
use of scales with low measurement sensitivity or cul-
tural appropriateness [63], and with dropout rates rang-
ing from 22 to 83% [56, 58, 61, 65]. Some interventions 
included samples of 20 to 42 participants [59, 60, 64] or 
a small number of sessions ranging from 1 to 8 [55, 57, 
58, 61], during which effects on determinants and conse-
quently on PA/SB might not be feasible. Changing deter-
minants may require longer time to occur. Some studies 
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[53, 54, 56, 62] failed to comply with the suggested mini-
mum period of four to five days of monitoring for cap-
turing valid and reliable habitual PA [85], while others 
did not report the minimum accelerometer wear-time 
[59, 63]. Similar interpretations have been previously 
reported including issues related to the duration or the 
intensity of interventions, the quality of implementation, 
or the lack of checking implementation fidelity includ-
ing the sound translation of theory-based principles into 
practical tasks and activities involved in interventions 
components [71, 73, 74]. Undoubtedly, all these issues 
represent challenges to be overcome in future research 
focusing on implementing well-designed interventions 
for examining which determinants are modifiable in set-
tings and their levels of association with PA/SB.

Thus, the questions about the characteristics of the 
effective PA interventions and which of the determinants 
of adolescents’ PA/SB are modifiable are still open. Cur-
rent interventions to promote adolescents’ PA are mostly 
ineffective [8, 62–74]. Considering the low levels of PA 
among adolescents [7] that reduced even more during 
COVID-19 lockdown [86], and the increased levels of 
SB which has been characterized as a global pandemic 
[87], the design and implementation of the most effec-
tive interventions is urgently needed. However, increas-
ing PA is not an easy goal to reach by just focusing on 
simple, often short-term, individual health outcomes, or 
by involving isolated interventions but rather requires 
complex, multiple, innovative actions for creating active 
societies, environments, people, and systems [16]. In line 
with this, the International Society for Physical Activ-
ity and Health [16] has suggested that increasing PA 
and reducing SB requires multiple policies and actions 
across different settings including school, active trans-
port, sport and recreation, and community. Considering 
that most adolescents spend a lot of their day-time in the 
school setting, a whole-of-school approach to PA should 
be a priority [13]. This involves the design of multicom-
ponent interventions including as a cornerstone regular 
and high-quality physical education classes for all, suit-
able physical and social environments and resources, and 
policy actions to promote PA before, during, and after 
school hours (e.g., active recess breaks, active school 
transportation, extracurricular PA and sport, use of tech-
nology). For example, walking to and from school can 
have a meaningful contribution to adolescents’ PA [88], 
while using activity trackers may increase PA [89]. Thus, 
such approaches should be incorporated into respective 
interventions that may also be context-specific adopting 
a flexible approach that enables schools to tailor content 
to their specific context [90]. The involvement of staff, 
family and the wider community may also be necessary 
components of such interventions [8, 16]. Although, 

some evidence regarding the effectiveness of the mul-
ticomponent interventions has been reported [73, 91], 
further research is warranted to identify the most effec-
tive modifiable determinants of adolescents’ PA/SB, that 
these interventions should focus on in each setting [16]. 
Finally, close collaboration and establishment of a clear 
communication process between researchers, practition-
ers and policy and decision makers regarding the design, 
implementation, and evaluation of PA/SB interventions 
are also welcomed, as this would lead to increased effec-
tiveness of PA/SB interventions in real-life contexts [92].

Strengths and limitations
This study identified the modifiable determinants of ado-
lescents’ PA/SB in settings and explored their associations 
with PA/SB. Including studies measuring concurrently 
PA/SB and modifiable determinants in specific settings 
provided the advantage of placing the factors (i.e., modi-
fiable determinants) associated with adolescents’ PA in 
their social and environmental context [18]. Moreover, 
by focusing on high-quality studies (i.e., RCTs and CTs) 
potential causality between modifiable determinants and 
adolescents’ PA/SB could be detected [17]. Furthermore, 
to strengthen the quality of the evidence, RoBMA was 
the method of analysis allowing us to adjust for publica-
tion bias and enhance our understanding of the data by 
quantifying evidence on a continuous scale and assessing 
potential evidence for the null or the alternative hypoth-
esis or whether results were inconclusive [46].

The relatively small number of studies included in MAs 
may be considered a limitation. This may be reflected in the 
results of some RoBMAs showing insufficient evidence to 
suggest the presence or the absence of an effect that may 
contribute to imprecision in the GRADE process. Moreo-
ver, the risk of bias assessment in the GRADE process was 
based on the evaluation of all domains and not only on 
the overall evaluation which was deemed high for all stud-
ies, because the lack of blinding of participants might have 
affected the measurement of determinants. Effective blind-
ing of participants assigned to the intervention groups is a 
real challenge for future interventions. Heterogeneity was 
present in some MAs, while the evidence to suggest the 
presence or absence of publication bias was insufficient. 
Associations between PA/SB and modifiable determinants 
could only be inferred as almost all included studies did 
not conduct mediation analyses to test causal relationships. 
The use of different forms of PA/SB analyzed in MAs or the 
merge of conceptually-related determinants into broader 
determinants (e.g., autonomy, competence, and relatedness 
were merged into the broader determinant of basic psycho-
logical needs) may also be considered as limitations. How-
ever, we adopted this approach to avoid conducting a larger 
number of MAs with small number of studies for different 
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forms of PA/SB or for every single determinant that may 
make the interpretation of the results more difficult.

Future research
Considering that research up to date has primarily adopted 
an individual approach to behavioural change focusing 
mainly on individual–psychological determinants, future 
research may prioritize environmental over individual 
approaches for promoting PA [93] focusing on determi-
nants related to physical environments, institutional, com-
munity, or policy factors [8, 18]. It is also critical for future 
studies to examine the mechanisms underlying behavioural 
changes related to adolescents’ PA/SB and conduct media-
tion analyses to explore these mechanisms [93]. In this 
direction, realist synthesis may enhance our understand-
ing of what determinants of PA/SB might work, how they 
work, for who, and in what settings [94]. Further research 
should examine the effects of interventions in other set-
tings in which adolescents are involved except that of fam-
ily and school (e.g., sport and recreation, transportation, 
and community). For example, after school PA and sport 
programs can contribute to adolescents’ daily PA and 
reduced SB [95]. Most importantly, interventions involving 
more than one setting [16] adopting a transdisciplinary col-
laboration and targeting modifiable determinants from dif-
ferent categories [18] should further highlight the dynamic 
associations between determinants and settings and pro-
vide insightful information to guide related policies and 
practices. Considering that in the present study only three 
interventions involved follow-up measures, future research 
should explore the long-lasting intervention effects on ado-
lescents’ PA/SB and modifiable determinants.

Conclusions
This study found none or negligible evidence for inter-
vention effects on adolescents’ device-based PA/SB 
and modifiable determinants in different settings. 
Some intervention effects in favour of the experimen-
tal group were found in single studies, for few determi-
nants (i.e., knowledge for practicing PA, BCTs, choice 
provided). This evidence was rather limited and, in 
some cases, insufficient to draw a definite conclusion. 
Thus, the modifiable determinants of adolescents’ PA/
SB should be further targeted in holistic multicompo-
nent interventions in different settings and tested by 
well-designed, well-implemented and well-evaluated 
research.
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