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Abstract

Previous physical activity interventions for children (5-12yrs) have aimed to change determi-
nants associated with self-report physical activity behaviour (PAB) and/or sedentary behav-
iour (SB), however, the associations between these determinants and PAB/SB in different
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settings are uncertain. The present study aimed to identify modifiable determinants targeted
in previous PAB/SB interventions for children. Intervention effects on the determinants and
their associations with self-report PAB/SB were assessed across settings. Search of rele-
vant interventions from pre-defined databases was conducted up to July 2023. Randomized
and non-randomized controlled trials with modifiable determinants were included. Data
extraction and risk of bias assessments were conducted by two independent researchers.
Where data could be pooled, we performed Robust Bayesian meta-analyses. Heterogene-
ity, publication bias and certainty of evidence were assessed. Fifteen studies were deemed
eligible to be included. Thirty-seven unique determinants within four settings were identi-
fied—school, family, school with family/home, and community with(out) other settings.
Ninety-eight percent of determinants belonged to individual/interpersonal determinant cate-
gories. Narratively, intervention effects on student perception of teachers’ behaviour
(school), self-management, perceived barriers, external motivation, exercise intention,
parental modeling on SB (school with family/home) and MVPA expectations (community)
were weak to strong, however, corresponding PAB/SB change was not evident. There were
negligible effects for all other determinants and the corresponding PAB/SB. Meta-analyses
on self-efficacy, attitude, subjective norm and parental practice and PAB/SB in two settings
showed weak to strong evidence against intervention effect, while the effect on knowledge
could not be determined. Similarly, publication bias and heterogeneity for most analyses
could not be ascertained. We found no concrete evidence of association between the modi-
fiable determinants and self-report PAB/SB in any settings. This is presumably due to inter-
vention ineffectiveness. Design of future interventions should consider to follow the
systems-based approach and identify determinants unique to the context of a setting,
including policy and environmental determinants.

Introduction

Globally, about 18% (over 34 million) children and adolescents are overweight or obese-a
10-fold increase from 40 years ago [1]. Physical inactivity has been identified as one of the
main risk factors whereby two-thirds of children and adolescents are insufficiently active,
despite the widely recognized benefits of physical activity [2]. Evidence shows that inactive
children are likely to become inactive adults [3, 4], and it is projected that the healthcare bur-
den of physical inactivity-related non-communicable diseases will cost INT$520 billion annu-
ally between 2020-2030 if the physical inactivity pandemic continues [5].

Over the past three decades, the number of physical activity behaviour (PAB) and sedentary
behaviour (SB) interventions targeting childhood inactivity has seen an upward surge [6]. PA
is defined as any movement produced by skeletal muscles that involve the energy expenditure
of >1.5 metabolic equivalents of tasks (METs) whereas <1.5 METSs while awake is considered
as SB [7]. Conclusions about the effectiveness of interventions for school-aged children from
recent systematic reviews have been mixed [8-12]. Typically, these interventions aim to
manipulate factors associated with PAB and/or SB, hence these factors are also considered as
determinants as their causal associations with PAB or SB are assumed [13]. Not only should
determinants be evidence-based, but they should also be modifiable to the extent that can
enact behaviour change [14]. An array of determinants relevant to the youth population within
the European context has been previously identified by experts of PAB and SB [14, 15]. Based
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on the socio-ecological model [16], the majority of the identified PAB/SB determinants
(approximately 55%) considered to be highly modifiable and have the largest effect on PAB/
SB, belong to the individual and interpersonal level, such as attitude, support of peers/family
and TV exposure [14, 15]. However, there have been mixed findings on the extent to which
interventions that target these determinants are associated with changes in PAB/SB [17-19]. A
lack of understanding of which determinants have significantly contributed to changes in
PAB/SB has hampered progress in physical activity promotion across the lifespan [20]. Given
this state of uncertainty, the DEterminants of Physical Activity in SettingS (DE-PASS) consor-
tium was formed with an aim to identify key determinants effective in promoting PAB and
reducing SB, and crucially, translatable at the policy level to accelerate research-policy collabo-
rations in addressing the physical inactivity pandemic.

Several factors may have contributed to the mixed findings regarding the association
between the modifiable determinants and PAB/SB. First and foremost, the context within a
setting in which the determinants operate is seldom considered [21]. Interventions are often
complex for many reasons, including but not limited to the stakeholders involved and their
motivation, the physical and psychological capacity for (long-term) implementation and the
prevailing PAB/SB practice where the interventions are implemented. As such, the extent to
which these factors may influence the modifiable determinants may vary considerably in dif-
ferent settings [22-24]. For example, results of realist reviews of interventions for children
showed that in the family setting, physical activity knowledge combined with parental rein-
forcement was an important determinant unique to that setting, whereas parental restrictions
on PAB, as a determinant, hampered the effect of school-based interventions [21, 22]. Another
factor that warrants attention is the age groups included in reviews targeting youth, where
interventions involving children and adolescents were examined collectively [10, 12, 14]. The
developmental journey from childhood to adolescence sees notable changes and adaptations
in individuals’ environmental, physical and psychological conditions, all of which define the
individuals’ context [25]. For example, while self-efficacy was found to be a common modifi-
able PAB determinant for children and adolescents, intention appears to be unique to children
and perceived behaviour control and planning are unique to adolescents [26, 27]. Given the
above considerations, the current systematic review will examine PAB/SB determinants in
interventions from different settings, targeting children aged 5-12 years only.

To address a main objective of DE-PASS of generating a Best Evidence STatement (BESt)
with regards to the key modifiable determinants for youth PAB/SB from existing best evidence,
the current review aimed to examine interventions that target PAB and/or SB using the ran-
domized controlled trial (RCT) and controlled trial (CT) designs. While RCT's are considered
the gold standard in intervention design, CT's could be a viable alternative when randomiza-
tion is challenging due to factors such as participants’ or stakeholders’ preference. This review
also focused on self-report PAB/SB measures only, while other planned systematic reviews
addressing the same DE-PASS objective will focus on device-based measures, as the discrep-
ancy in measurement is evidenced [28-30]. Therefore, the aims of this systematic review were
three-fold-i) to identify the modifiable determinants that have been targeted in PAB/SB inter-
ventions in different settings, ii) to evaluate the extent to which these determinants have been
modified, and iii) to investigate their association with self-report PAB/SB in school-aged
children.

Methods

This review is one of the five planned systematic reviews conducted under the same deliverable
(youth focus) within the DE-PASS consortium. Workshops for all members involved in the
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review activities were conducted to ensure mutual understanding of the eligibility criteria and
the practice in study screening, data extraction, risk of bias assessments, and the use of Covi-
dence, an online systematic review platform (www.covidence.org).

Study design

This systematic review was conducted following the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis Protocols (PRISMA-P) guidelines (S1 Checklist) [31]. The study
protocol was prospectively registered in PROSPERO (CRD42021282874).

Search strategy

The current study applied the same search strategy for all the five systematic reviews under the
same deliverable (youth focus) within DE-PASS. A search was conducted on MEDLINE, Psy-
cINFO, Web of Science, Sport Discus and Cochrane Central Register of Controlled Trials for
literature from 2010 up to July, 2023. We considered publications from 2010 because this was
when WHO published the first global PA guidelines [32]. For the full search strategies and
terms, please refer to the published study protocol http://dx.doi.org/10.1136/bmjopen-2021-
059202 [33].

Eligibility criteria

Population. We included children aged 5-12 years (inclusive) without known medical
conditions that would hinder habitual PAB, such as spina bifida and arthritis.

Interventions. Interventions targeting PAB/SB in children using self-report, and that i)
had measured modifiable determinants at >2 time points (pre-/post-measurements), and ii)
had measured the PAB/SB outcomes at >2 time points (pre-/post-measurements) were
included.

Comparator. All studies included a control group receiving no intervention, or a compar-
ator group receiving an alternative intervention matched to the experimental conditions.

Outcomes. This review included two types of outcomes-modifiable determinants and
self-report PAB/SB, as the intervention effect on both were examined separately. We assessed
whether an outcome is qualified as a determinant by the theoretical underpinning or the con-
text of the interventions. For example, if an intervention explicitly aimed to reduce body
weight in order to promote PAB, body weight status was considered a determinant. If, how-
ever, body weight was clearly considered as an outcome without specifying its mechanistic
influence on PAB in the context of the intervention, and given no other modifiable determi-
nants were included, the study was excluded. For studies with both self-report and device-
based PAB/SB measurements, only the former was analyzed in this review.

Study design. Interventions that followed RCT or CT designs of any duration and follow-
up period, and within any settings, were analyzed. Peer-reviewed studies in any language were
considered. For studies that did not provide relevant information for eligibility assessment or
for data extraction, authors were contacted. These studies were excluded if the requested infor-
mation was not obtained.

Study selection and data extraction. At the initial screening, Endnote x9 was used to
remove duplicates and non-peer-reviewed literature. The final identified studies were trans-
ferred to Covidence for title/abstract/full-text screening and data extraction. Extracted data
included sample characteristics, study characteristics, settings, theoretical basis of the interven-
tions, measurements of PAB/SB and determinants as well as their measurement properties.
Study screening and data extraction were completed by deliverable members of DE-PASS in
pairs independently. Conflicts were solved by discussion or with a third member.
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Quality assessment

With regards to risk of bias assessments, we used the Cochrane Risk of Bias Tool for Random-
ized Trials version 2 (RoB2.0) [34] and Risk of Bias in Non-Randomized Studies of Interven-
tion (ROBINS-I) [35] for RCTs and CTs respectively. The ‘Bias in the measurement of
outcome’ domain was assessed for both outcomes of interest separately, namely determinant
(s) and PAB/SB. Two independent reviewers assessed the risk of bias. A third reviewer was
consulted if consensus could not be reached. The assessment plots were generated by the rob-
vis tool [36]. To assess the certainty of evidence, three authors (FCML, AM, KN) followed the
Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach
to evaluate all studies included in the meta-analyses [37]. GRADE includes five criteria-risk of
bias, inconsistency, indirectness, imprecision and publication bias. The level of certainty
ranges from high to very low, depending on the extent to which the true effect is considered
similar to the estimated effect.

Statistical analysis

All determinants were categorised based on the socio-ecological model [16]. For determinants
with multiple indicators (e.g., different parental practices to minimize screen time), either the
composite score was calculated (see S1 File) [38], or a total score provided by the authors was
used. Conceptually similar determinants were grouped for analysis where possible.

For studies that reported multiple PAB/SB outcomes, the one that most reflected total daily
PAB/SB was used (e.g., habitual MVPA). Composite scores of SB were calculated for SB out-
comes that could be combined to reflect habitual SB (e.g., total daily screen time and total daily
computer use).

To account for the possible co-variance of individual scores within each composite score,
sensitivity analyses were conducted where different correlation coefficients were applied to the
formula by Borenstein (2011), to test if effect size might change substantially [38]. Where
results at multiple time points were recorded during an intervention, only results at post-inter-
vention were considered (pre-post effect). Additionally, if more than one time-point follow-
ups were reported, e.g., after three weeks, one month, and three months, the latest time-point
results were used to reflect a longer-term effect (pre-follow-up effect).

Standard mean difference and standard error for changes in determinants and PAB/SB out-
comes (from baseline to follow up) were calculated for each included study where possible (see
S1 File for details). Individual studies were first inspected for corresponding determinant and
PAB/SB changes. For determinants and PAB/SB that could be pooled for meta-analysis,
Robust Bayesian meta-analysis (RoBMA) was conducted in JASP 0.16.4 [39, 40], which uses
the RoOBMA R package [41] and Markov Chain Monte Carlo algorithms via JAGS [42]. We
used only random-effects part of the RoBMA model ensemble with the default prior distribu-
tions, resulting in 18 included models (detailed RoBMA specification can be found in [43]).
We used Bayes factor (BFy;) to measure evidence of the absence of an effect over the presence
of an effect. The same criteria were also applied to publication bias assessment. While the
Bayes factor is a continuous measure of strength of evidence, we used the following rule of
thumb to aid interpretation: 1<BF;; <3 = weak evidence (i.e., presence or absence of an effect
cannot be ascertained), 3<BF; <10 = moderate evidence, BF,;>10 = strong evidence for the
null [44]. When evidence for the alternative was considered, the Bayes factor was simply
inverted (e.g., BFy; = — BF;( = 3, which implies weak evidence for an effect). Cohen’s d with
95% credible interval (CI) was also reported. Cohen’s d > 0.2 (small effect), > 0.5 (moderate
effect), > 0.8 (strong effect) [45]. The degree of heterogeneity was assessed by the between-
study standard deviation 1. Studies that could not be included in the meta-analyses were
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reported narratively. For readers unfamiliar with RoOBMA, we supplemented the results of the
corresponding indicators, including effect size (95% CI), heterogeneity and publication bias,
using classical frequentist analysis with random effects meta-analysis and Vevea and Hedges
(1995) selection model for publication bias correction (see S2 File) [46]. All intervention set-
tings and outcomes (PAB vs SB, and habitual vs non-habitual PAB were analysed separately.
RCTs vs CTs were also examined separately for the purpose of GRADE. The effect of interven-
tions on determinants was analysed regardless of their PAB or SB outcomes.

Results
Study selection

After removing duplicates, 27,581 studies were subject to title and abstract screening. Screen-
ing resulted in 1,762 full texts to be assessed for eligibility. Out of the 184 eligible studies, 15
were deemed relevant to the current review (self-report PAB/SB measurement with children
5-12yrs) (Fig 1). Excluded studies can be found in S1 Data, and full extracted data with data
extractor information and data extraction date can be found in S2 Data.

Study characteristics

Table 1 shows the study characteristics and participant demographics of the 15 studies
included in this review (10 RCTs, five CTs), totalling 13,107 participants. The settings were

—
Records identified from:
s Databases (n=102560)
'4"3 - Cochrane CENTRAL (n = 12461) De-duplication and automation tools;
£ - MEDLINE (n = 24897) —»| initial search (n=74615)
5 - PsychINFO (n = 21998) Covidence duplicate check (n=358)
B0, - SportDiscus (n = 4681)
- Web of Science (n = 38523)
N——/
)
Records screened (n = 27587) — | Recordsexcluded (n =25829)
l Reports excluded:
- PA/SB not measured/measured only at one time
o . point/notan outcome (n=310)
E Reports sough‘tf.or' retrleval and > | - Determinant(s) notmeasured, measured only at
o assessed for eligibility (n = 1758) one timepoint/ not modifiable (n = 557)
é - Wrong study design (n =400)
- Wrong population (n = 149)
l - Wong duration— Longitudinal (n=50)
- Data cannotbe retrieved (n = 30)
- Wrongreporttype (n=88)
Eligible studies (n = 177) - No translation available (n =5)
- Duplicate (n=1)
l - Not children self-report PAB/SB (n=169)
—
o Studies included in current review —
_3 Children (5-12yrs) self-report
£ PAB/SB (n = 15)

Fig 1. PRISMA flow diagram.
https://doi.org/10.1371/journal.pone.0309890.g001
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determined based on where the interventions were delivered. Four settings were identified from
this pool-school only, family only, school with family/home and community with/without
other settings (e.g., family/home, school). Interventions that took place in the home environ-
ment but without involving parents explicitly, and those that targeted parental involvement,
were all classified as family/home setting. Thirty-seven distinct determinants were identified-
25 were individual (psychological) determinants, seven were interpersonal (psychological)
determinants, two were individual (behavioural) determinants, another two were interpersonal
(behavioural) determinants and one was institutional determinant. Further study characteristics
and evidence synthesis for each setting are provided in Table 1. Effect size and 95% CI for each
determinant and PAB/SB outcome by settings can be found in S1 Appendix).

(I) School setting

Five studies—one RCT and four CTs-with sample sizes ranging from 179 to 1,464 were identi-
fied. Intervention duration ranged from eight weeks to two years, and follow-up periods from
the end of the interventions ranged from eight weeks to 15 months. Four interventions tar-
geted changes in PE curricula and/or PE teacher training [47-50], and one intervention imple-
mented a video game-based program at schools [48]. Three interventions were theory
informed [48, 50, 51]. Four studies measured habitual PA [47-49, 51], and one study measured
leisure time PA [50], using validated instruments (see Table 1).

Study outcomes—PAB/SB and determinants. RCT. Six conceptually different determi-
nants were targeted in the RCT, of which four belonged to the individual (psychological) cate-
gory and two belonged to the interpersonal (psychological category) [50]. The psychometric
properties of all determinant measurements were referenced (Table 1). There was no signifi-
cant change in determinants at immediate post-intervention and at follow-up (d’s ranged
from -0.17 to 0.28), except a small effect on students’ perception of teachers’ controlling behav-
iour at follow-up (d = 0.25, 95%CI 0.12 to 0.37), indicating teacher’s behaviour was perceived
to be more controlling which is against what the intervention aimed to achieve. Additionally,
there was non-significant effect on PAB (d = -0.02).

CTs. Five distinct individual (psychological) determinants were targeted in all four studies.
The psychometric properties of all determinant measurements were referenced (see Table 1).
Only self-efficacy from one study showed a small effect at post-intervention (d = 0.40; 95% CI
0.09 to 0.73) [51], however, when it was pooled in a meta-analysis with another study [44],
there was moderate evidence against an effect on self-efficacy (Table 2; Fig 2A). Narratively,
there was moderate intervention effect on commitment to PA (d = 0.68; 95% CI 0.50 to 0.87)
[49]. However, none of the determinants that could only be analysed narratively reported
notable intervention effect (d’s ranged from -.17 to 0.28; for determinants that showed small
effects, the 95% CI’s crossed the estimate threshold).

For the individual study that showed a small effect on self-efficacy at post intervention, there was
a corresponding small effect on PAB at the same time point [51]. For the study that measured com-
mitment to PA, there was no corresponding effect on PAB. When all CT's were pooled for meta-
analysis, there was moderate evidence against an effect on PAB at post-intervention (Fig 2B), how-
ever, there was insufficient evidence to suggest presence or absence of an effect on PAB at follow-up,
or publication bias (Table 2; Fig 2C). Heterogeneity for all meta-analyses seem small, but due to lim-
ited number of studies in each meta-analysis, the degree of heterogeneity is highly uncertain.

Quality assessment

For the four CTs, they were all deemed high risk of bias overall. Notable contributors to the
judgement were three domains—domain 1 (bias due to confounding), domains 6 and 7 (bias
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Table 2. Results of the meta-analyses under the school setting and the corresponding heterogeneity and publica-
tion bias assessments. The effect size estimates for meta-analyses and heterogeneity are expressed in d (95%CI) and t

respectively.

Effect size estimates BF,
Self-efficacy for PAB (2 CTs) (Fig 2A) 0.08 (-0.39, 0.40) 4.85%
Heterogeneity (1) 0.15 (0.04, 0.45) -
Publication bias - 0.48
PAB (4 CTs) (pre-post) (Fig 2B) 0.00 (-0.41, 0.23) 8.08*
Heterogeneity (1) 0.12 (0.03, 0.29)
Publication bias - 0.46
PAB (2 CTs) (pre-follow up) (Fig 2C) 0.15 (-0.39, 0.60) 2.91
Heterogeneity (1) 0.21 (0.04, 0.73) -
Publication bias - 0.63
Note

*denotes moderate evidence

**denotes strong evidence for absence of an effect/ publication bias.

https://doi.org/10.1371/journal.pone.0309890.t002

due to measurement of outcomes-PAB/SB and determinants respectively). Judgement for
domain 1 primarily stemmed from the fact that not all pre-defined confounders were
accounted for in all studies, while judgement for domains 6 and 7 was because participants
were unlikely to be blinded in most interventions involving self-report measurements (PAB/
SB and determinants) (Fig 3A). Nonetheless, the one RCT in this setting explicitly mentioned
blinding of the participants and researchers (Fig 3B) [50].

Certainty of evidence and intervention effect. We conducted GRADE for the meta-anal-
ysis of self-efficacy in two CTs (Table 3A) [47, 51], and the meta-analysis with PAB as an out-
come in four CTs at post-intervention [47-49, 51]and the two CTs at follow-up [49, 51]

(Table 3B). The certainty of evidence was high for the absence of intervention effect on PAB at
post-intervention, whereas for the other two meta-analyses, the certainty of evidence was
deemed low mainly due to imprecision of effect estimate.

(IT) Family/home setting

Only one intervention was conducted in the family/home setting (see Table 1) [52]. It was a
theory-based 24-week RCT with no follow-up assessment, and both habitual PAB and SB were
examined (n = 251). Three determinants were measured using validated instruments—two
belonged to individual (psychological) and one belonged to interpersonal (behavioural) cate-
gories. No significant intervention effects were reported for all outcomes (d’s ranged from
-0.17 to 0.10). The risk of bias was deemed high due to bias in the measurement of outcomes
(domain 4 and 5 -PAB/SB and determinants respectively) (Fig 4).

(ITI) School with family/home settings

We identified seven studies of which one was a CT [53], and all interventions were theory-
informed (see Table 1). Sample sizes ranged from 51 to 3,147. Intervention period ranged
from six weeks to 20 months, and only 1 study included follow-up (10 weeks post-interven-
tion) [53]. Four interventions indirectly involved parents in the form of homework completion
with children or remote knowledge provision [54-57], two interventions actively involved
parents in workshops or information sessions [53, 58], and one intervention relied on children
adhering to the home intervention [59]. Habitual PAB [53, 55, 56] and habitual MVPA [53]
were measured in the respective studies, and SB was measured in four studies [54, 57-59].
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Fig 2. Forest plots depicting intervention effect on (a) self-efficacy, (b) overall PAB pre-/post- effect and (c) overall
PAB pre-/follow-up effect in CTs under school setting.

https://doi.org/10.1371/journal.pone.0309890.9002

Study outcomes—PAB/SB and determinants. RCTs. Twenty-three conceptually differ-
ent determinants were targeted in these interventions (see Table 1). Fifteen determinants
belonged to the individual (psychological) category, one belongs to individual (behavioural)
category, five belonged to the interpersonal (psychological) category, one belongs to the inter-
personal (behavioural) category and one belonged to the institutional category.

Out of all RCTs, determinants that showed positive effects were-i) parental support
(d=10.24, 95%CI (0.09, 0.40)) [52],external motivation (d = -0.23, 95%CI -0.38 to -0.07) [55]
and parental modelling on SB (d = 0.25, 95%CI 0.18 to 0.32) [57]-small effect; ii) knowledge
(d=0.50,95%CI 0.31 to 0.68) [58]-moderate effect, and iii) self-efficacy (d = 0.90, 95%CI
(0.31, 1.57)) and exercise intention (d = 0.87, 95%CI 0.30 to 1.45) [56]-strong effect (Table 1).
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Fig 3. Risk of bias assessments of CTs using (a) Robins-I and risk of bias assessments of the RCT using (b) RoB2.0 in
school setting.

https://doi.org/10.1371/journal.pone.0309890.9003

Other determinants showed non-significant intervention effect (d’s ranged from -0.44 to 0.52;
for determinants that showed small to moderate effects, the 95% CI’s crossed the estimate
threshold) [54-59].

Five determinants were targeted in more than one study-self-efficacy [56, 57, 59], attitude
[56, 57], subjective norm [56, 57], knowledge [56, 58] and parental practice in SB regulation
[54, 57], hence we conducted a meta-analysis for each (Fig 5A-5E). Results of meta-analyses
showed moderate evidence against an effect on self-efficacy, attitude, subjective norm and
parental practice (Table 4). There is moderate evidence of presence of publication bias for the
meta-analysis on self-efficacy (BF,, = 5.88). Evidence for presence or absence of an effect on
knowledge and publication bias for other meta-analyses cannot be determined.

For intervention effect on PAB/SB, meta-analyses showed moderate evidence against an
effect on PAB (Fig 5F) and strong evidence against an effect on SB (Fig 5G). There was moder-
ate evidence for publication bias for PAB (BF;o = 7.69). In one study included in the meta-
analysis for PAB and for knowledge [58], moderate effect on knowledge (the only determinant
measured) and small effect on PAB (d = 0.30, 95%CI 0.12 to 0.48) [58] was found, however,
the psychometrics of knowledge measurement was not referenced. Therefore, despite that
some interventions showed promise on narratively analysed determinants (i.e., external moti-
vation [55], exercise intention [56], and parental modelling [57]), corresponding change on
the pooled PAB/SB effect is not evident. Again, the magnitude of heterogeneity of all meta-
analyses appeared small, but this remains inconclusive due to small number of studies in each
meta-analysis (Table 4). Together with other results that did not see any corresponding
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Table 3. a. Overview of quality of evidence (GRADE) and intervention effect on self-efficacy for two CTs in school setting. b. Overview of quality of evidence
(GRADE) and intervention effect on physical activity for 4 CTs in school setting.

Certainty assessment Ne of participants at baseline | Intervention effect (d,95% | Certainty | Importance
CI) Heterogeneity (t)
a)
Ne of Authors, year Study design | (1) | (2) | (3) | (4) | (5) |Intervention No
studies intervention
Outcome: Self-efficacy (intervention duration: 8 weeks to 64 weeks)
2 Boyle-Holmes Controlled | NS | NS | NS | VS* | none 855 788 d=0.07; 95%CI =-0.36,0.39 | @O0 | IMPORTANT
etal. (2010) [47] trials 17-CBD Low
Wang et al. (2017)
[51]
b)
Outcome: Physical Activity (intervention duration: 8 weeks to 64 weeks)
4 Boyle-Holmes Controlled | NS | NS | NS | NS | none 1,407 1,774 d =0.00; 95%CI = -0.41, 0.23 PEPD CRITICAL
etal. (2010) [47] trials 17- CBD High
Gabriel et al.
(2011) [49]
Gréastén & Yli-
Piipari (2019) [48]
Wang et al. (2017)
[51]
Outcome: Physical Activity (follow-up: 10 weeks to 5 months)
2 Gabriel et al. Controlled | NS | NS | NS | VS* | none 685 371 d=0.15;95%CI =-0.39,0.60 | &0 | IMPORTANT
(2011) [49] trials 1- CBD Low
Wang et al. (2017)
[51]
Note

As three risk of bias domains for CT's (bias due to confounding and outcome measurement bias) and two domains for RCTs (outcome measurement bias) are almost
inevitable in the nature of the interventions conducted, it was decided that they should be treated more leniently in GRADE; (1) = risk of bias, (2) = inconsistency, (3) =
indirectness, (4) = imprecision, (5) = other considerations; d = Cohen’s d, 95%CI = 95% confidence interval; CBD = Cannot be determined as there is little evidence of

presence or absence of heterogeneity; NS = Not serious; VS* = very serious concern with a relatively wide 95%CI.

https://doi.org/10.1371/journal.pone.0309890.t003

changes in determinants and PAB/SB, we could only suggest that associations between these
determinants and PAB/SB were possible, and that the interventions had not been successful in
changing either.

CT. The only CT under this setting showed small effect on perceived barriers to PA
(d =0.43, 95%CI 0.06 to 0.80) at post-intervention and self-management (d = 0.43, 95%CI
(0.06, 0.81)) at follow-up. There was a moderate effect on social support from schools at

Risk of bias
' bt | b2 | b3 | pa | b5 | De | overal |

>
szl @ @ © O O O O
w
D1: Bias arising from the randomization process Judgement
D2: Bias due lo deviations from intended interventions
D3: Bias due to missing data . High
D4: Bias in measurement of PAB/SB = Unclear
DS: Bias in measurement of determinants
D6: Bias in selection of the reported result . Low

Fig 4. Risk of bias assessment of an RCT using RoB2.0 in family/home setting.
https://doi.org/10.1371/journal.pone.0309890.g004
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Fig 5. Intervention effects on (a) self-efficacy in studies targeting PAB and/or SB; (b) attitude in studies targeting PAB and/or SB; (c)
subjective norm in studies targeting PAB and/or SB; (d) knowledge in studies targeting SB; (e) parental practice in SB regulation in
studies targeting SB; (f) PAB at post-intervention; (g) SB at post-intervention, in RCTs under school and family/home settings.

https://doi.org/10.1371/journal.pone.0309890.9005

follow-up (d = 0.53, 95%CI 0.16 to 0.91). However, PAB notably decreased at post-interven-
tion (d = -0.51, 95%CI -0.88 to -0.13) and there was negligible intervention effect on PAB at
follow-up (d = 0.00) [53].

Quality assessment

All studies are deemed high risk of bias, mainly due to bias in the measurement of outcomes
(PAB/SB and determinants) (Fig 6).

Certainty of evidence and intervention effect. We conducted GRADE for the seven
meta-analyses on self-efficacy, attitude, subjective norm, knowledge, parental practice, PAB
and SB (all RCTs; Table 5A and 5B). The certainty of evidence was downgraded to low or very
low for all meta-analyses due to risk of bias and/or imprecision.

(IV) Community with/without other settings

Two RCTs were identified (see Table 1). One intervention was conducted in a community set-
ting only with an active control group [60], and one was in the community with family/home
and school setting (where parents were indirectly involved in the intervention and active pol-
icy/environmental adaptation was in place) [61]. Sample sizes ranged from 71 to 1,348. Inter-
ventions lasted from four weeks to two years, and follow-up periods ranged from three to six
months. Only one intervention was theory-informed [60]. One study measured habitual PAB
and SB [60] and one targeted transportation PA [61], only the former measurement instru-
ments was referenced.
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Table 4. Results of the meta-analyses under the school with family/home setting, with the corresponding hetero-
geneity and publication bias assessments. The effect size estimates for meta-analyses and heterogeneity are expressed
in d (95%CI) and T respectively.

Effect size estimates BF,,
Self-efficacy for PAB/SB (3 RCTs) (Fig 5A) 0.05 (-0.31, 0.52) 7.63*
Heterogeneity 0.15 (0.03, 0.56) -
Publication bias - 0.17*
Attitude for PAB/SB (2 RCTs) (Fig 5B) 0.04 (-0.41, 0.49) 7.46*
Heterogeneity 0.14 (0.03, 0.47) -
Publication bias - 1.12
Subjective norm for PAB/SB (2 RCTs) (Fig 5C) 0.04 (-0.04, 0.57) 7.63*
Heterogeneity 0.15 (0.03, 0.56) -
Publication bias - 0.99
Knowledge for SB (2 RCTs) (Fig 5D) 0.16 (-0.05, 0.78) 2.89
Heterogeneity 0.32 (0.05, 1.01) -
Publication bias - 0.64
Parental practice for SB (2 RCTs) (Fig 5E) -0.06 (-0.43, 0.32) 7.67*
Heterogeneity 0.14 (0.06, 0.46) -
Publication bias - 1.79
PAB (4 RCTs) (pre-/post) (Fig 5F) 0.10 (-0.29, 0.36) 3.70*
Heterogeneity 0.14 (0.04, 0.38) -
Publication bias - 0.13*
SB (4 RCTs) (pre-/post)(Fig 5G) 0.00 (-0.14, 0.13) 19.67**
Heterogeneity 0.08 (0.03, 0.19) -
Publication bias - 1.98

Note

*denotes moderate evidence

**denotes strong evidence for absence of an effect/heterogeneity/publication bias.

https://doi.org/10.1371/journal.pone.0309890.t004

Study outcomes—determinants and PAB/SB. Within the two studies, six determinants
were targeted—five were individual (psychological) and the other one was interpersonal (psy-
chological). The measurements, and measurement properties, of three determinants within

one study were unspecific [56] (see Table 1).

Due to difference in the type of PAB/SB measured [60, 62], PAB/SB outcomes can only be
analysed descriptively. The community-based intervention showed a moderate post-interven-
tion effect on SB (d = -0.74, 95%CI -1.22 to -0.26), with trivial effects on all determinants (d’s
ranged from 0.18-0.33; for determinants that showed small effects, the 95%CTI’s crossed the
threshold). However, the small effect on MVPA/SB expectations at follow-up (d = 0.39, 95%CI
0.04 to 0.75) did not see any changes to PAB or SB [60]. For the other study, there were only
trivial effects for perceived safe route to school, parental encouragement for cycling to school,
attitude towards cycling and % active trips to school (d’s ranged from -0.14 to 0.14) [61].

Quality assessment

Similar to other studies included in this review, the main reason for the overall high-risk deci-
sion on study bias was due to measurement bias [61]. However, the study with an active con-
trol group could contribute to blinding of participants, as such, the study was deemed low risk

(Fig 7).
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Fig 6. Risk of bias assessments of (a) RCTs and (b) CT in school with family/home settings.
https://doi.org/10.1371/journal.pone.0309890.9006

Sensitivity analyses

Sensitivity analyses were performed for studies that required estimations of composite scores.
No difference in the effect sizes was detected when r was set at 0.2, 0.5 and 0.8.

Discussion

The main aims of this review were to identify modifiable determinants that have been targeted
in interventions that followed the RCT/CT designs and to assess their association with self-
report PAB/SB in children in different settings. To our knowledge, it is the first study to apply
Robust Bayesian meta-analyses to examine the effects of interventions on modifiable determi-
nants, and to infer the associations between the determinants and PAB/SB where possible. Out
of the 37 distinct determinants targeted across all settings, 68% were individual (psychological)
determinants, 5% were individual (behavioural) determinants, 20% were interpersonal (psy-
chological) determinants, 5% were interpersonal (behavioural) determinants and there was
only one institutional determinant. Common determinants across settings were self-efficacy,
family support, school support, peer support, motivation based on self-determination theory,
PA enjoyment, caregivers’ PA, perceived competence and attitude. Of all determinants, only
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Table 5. a. Overview of quality of evidence (GRADE) and intervention effect on self-efficacy, attitude, subjective norm, knowledge and parental practice for RCTs
in school with family/home setting. b. Overview of quality of evidence (GRADE) and intervention effect on physical activity and sedentary behaviour in school with fam-
ily/home setting.

Certainty assessment Ne of participants at baseline Intervention effect (d, 95%CI) Certainty Importance
Heterogeneity (1)
a)
Ne of Authors, year Study design M| @) | 3| @ | (5) |Intervention No
studies intervention

Outcome: Self-efficacy of physical activity/sedentary behaviour (intervention duration: 8 weeks to 64 weeks)

3 Salmon et al. Randomised S* | NS | NS | VS* | none 2,154 2,179 d =0.04; 95%CI = -0.29, 0.44 @®OQOQ Very | CRITICAL
(2011) [59] controlled trials 7-CBD low
Vik et al. (2015)
[57]
Zhang et al. (2020)
[56]
Outcome: Attitude towards physical activity/sedentary behaviour (intervention duration: 6 weeks to 8 weeks)
2 Vik et al. (2015) Randomised NS | NS | NS | VS* | none 1,687 1,689 d =0.04; 95%CI = -0.41, 0.49 @O0 Low | CRITICAL
[57] controlled trials 17-CBD
Zhang et al. (2020)
[56]
Outcome: Subjective norm towards physical activity/sedentary behaviour (intervention duration: 6 weeks to 8 weeks)
2 Vik et al. (2015) Randomised NS | NS | NS | VS* | none 1,687 1,689 d=0.16; 95%CI = -0.52, 0.78 @O0 Low | CRITICAL
[57] controlled trials T - 5.35 (based on BFy;)
Zhang et al. (2020)
[56]
Outcome: Knowledge on sedentary behaviour (intervention duration: 6 weeks to 12 weeks)
2 Vik et al. (2015) Randomised NS | VS® | NS | VS* | none 1,955 1,868 d =0.04; 95%CI = -0.47, 0.57 ®OOQ Very | CRITICAL
[57] controlled trials 17-CBD low

Moitra et al.
(2021) [58]
Outcome: Parental practice on sedentary behaviour (intervention duration: 6 weeks to 80 weeks)

2 Vik et al. (2015) Randomised sP | s¢ | NS | vs* | none 2,172 2,571 d = -0.06; 95%CI = -0.43, 0.32 @0OQQ Very | CRITICAL

[57] controlled trials 17-CBD low

Bergh et al. (2014)
[54]

b)
Outcome: Self-efficacy of physical activity/sedentary behaviour (intervention duration: range 8 weeks to 64 weeks)

4 Salmon et al. Randomised S | NS | NS | SP | none 1,199 924 d =-0.10; 95%CI = -0.29, 0.36 ®OOQO Very | CRITICAL
(2011) controlled trials 7-CBD low
Quaresma et al.
(2014)
Zhang et al. (2020)
Moitra et al.
(2021)

Outcome: Sedentary behaviour (intervention duration: range 6 weeks to 80 weeks)

4 Salmon et al. Randomised SsB | NS | NS | SP | none 2,931 3,267 d =0.00; 95%CI = -0.14, 0.13 ®®(OQO Low | CRITICAL
(2011) controlled trials T - 11.49 (based on BFy;)
Bergh et al. (2014)
Vik et al. (2015)
Moitra et al.
(2021)

Note

As three risk of bias domains for CTs (bias due to confounding and outcome measurement bias) and two domains for RCTs (outcome measurement bias) are almost
inevitable in the nature of the interventions conducted, it was decided that they should be treated more leniently in GRADE; (1) = risk of bias, (2) = inconsistency, (3) =
indirectness, (4) = imprecision, (5) = other considerations; d = Cohen’s d, 95%CI = 95% confidence interval; CBD = Cannot be determined as there is little evidence of
presence or absence of heterogeneity; NS = Not serious; S = High risk of bias in randomisation, deviation from intended intervention, bias in reporting in three studies,
and moderate evidence of the presence of publication bias; S® = A combination of some concerns and high risks in a few domains in the risk of bias assessment; S =
Marginal overlap of 95%CI (not including point estimates); S = Imprecision mainly comes from one study with lowest weight, 95%CI of overall estimate includes small
to moderate effects in both directions; S = Relatively long tails of CI; Estimates of two studies closer to 0.0, estimates of the other two studies are on either side further
away from 0.0 VS* = point estimate is near 0, but 95%CI of overall effect includes small to moderate effect in both directions; VS® = no overlap in 95%CI and very

different estimates.

https://doi.org/10.1371/journal.pone.0309890.t005
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Fig 7. Risk of bias assessment of studies that conducted RCTs in a community setting alone or with other settings
(family/home and/or school).

https://doi.org/10.1371/journal.pone.0309890.9007

six can be pooled for meta-analyses by settings. PA/SB self-efficacy was targeted in the school
setting (CTs) and school with family/home setting (RCTs), and there was moderate evidence
against an intervention effect. Attitude, subjective norm and parental practice under school
with family/home setting (RCT's) also showed moderate evidence against an effect, while the
strength of evidence for knowledge cannot be determined. This is surprising as some of these
determinants have been widely targeted in PAB/SB interventions [17, 19, 24].

Regarding PAB/SB, results of the meta-analyses showed moderate evidence of absence of
post-intervention effect on PAB (CTs) in the school setting and moderate-strong evidence
against post-intervention effect on PAB and SB (RCTs) in the school with family/home setting.
The certainty of evidence was either low or very low, except for the absence of intervention
effect on PAB in the school setting (high certainty). Taken together, the lack of intervention
effects on the modifiable determinants might have contributed to unsuccessful PAB/SB change
in children.

Considering all studies that showed no corresponding changes between determinants and
PAB/SB, we could only conclude that associations between these determinants and PAB/SB
were possible, as no change in determinants would not lead to any change in PAB/SB given
the assumed association between the targeted determinants and PAB/SB [13]. However, con-
crete evidence of the associations was not found (i.e. moderate-large effect sizes on both deter-
minants and PAB/SB). Interestingly, we found changes in some determinants but
corresponding positive changes in PAB/SB were not evident, namely, perceived barriers to PA
at post-intervention [53], self-management and school support at follow-up [53], parental
social support [55], external motivation [55], exercise intention [55] and parental modeling in
SB [57] (under school and family/home settings) as well as MVPA/SB expectations at follow-
up [60] (under community setting). Future research should carefully consider if and how these
determinants should be targeted in interventions.

The majority of interventions in the current review were theory-based—as advocated by
behaviour change researchers [62] —common theories used being the self-determination the-
ory, goal achievement theory, social cognitive theory and theory of planned behaviour.

However, the intervention effect on determinants and PAB/SB was not significant across
settings, despite that most determinants and PAB/SB measurements were evidenced to be psy-
chometrically sound. In fact, our results echoed previous findings on the weak association
between some self-determination theory tenets and PAB in the youth population [63]. How-
ever, contrary to the results of a recent umbrella reviews of PAB/SB interventions in children,
we did not find family support to be associated with behaviour change [64], nor intention or
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self-efficacy from earlier reviews [26, 27]. Nonetheless, direct comparisons with existing sys-
tematic reviews should be cautioned, as the inclusion criteria of different reviews and the ana-
lytic strategies are likely to differ. Additionally, the efficacy of theory-based PAB interventions
could be compromised by the methodological weakness of the included studies [65], which is
potentially applicable to the current review. Whilst every included study inevitably has its limi-
tations, crucially, our results highlighted a bigger picture problem on how the physical inactiv-
ity problem is understood, whether it is an individual-level or a population-level issue. Two
main factors may have contributed to the failure in changing the determinants and/or (associ-
ated) PAB/SB. First and foremost, behaviour change theories that advocate individual-level
change solely (including in the context of interpersonal determinants) have long been criti-
cized for their overestimation of people’s self-regulatory ability [66]. Through these theories,
individual and interpersonal determinants are derived. A study of Cochrane reviews, from
1993 to 2019, investigating the effect of RCT's on obesity in the youth population shows that
consistently, about 57% of interventions target individual and interpersonal determinants only
[67]. However, over-reliance on individual agency may have led to failure of policies in tack-
ling the obesity crisis [68] and exacerbated health inequity [69]. This also begs the question-
are these determinants as modifiable, or as effective in changing PAB/SB as researchers
thought? [14, 15] Perhaps changes in policy and the environment will facilitate change in indi-
vidual and interpersonal determinants, which will in turn enact the desired behaviour [22].
Such consideration is imperative as different geographical regions have their own PA policies
and environmental concerns in place which are likely to affect population-level PAB/SB differ-
ently. While there is growing emphasis on targeting policy and environmental determinants
through understanding the interactions between actors and determinants within a system (e.g.
priority of education policy; a systems-based approach), their changes are challenging to quan-
tify [70]. Nonetheless, realist synthesis can help address the mechanistic associations between
the determinants, and enhance our understanding of what works for who, how and in what
context [71]. The spirit of realist synthesis can also contain the common problem with hetero-
geneity in PAB/SB interventions [8, 72]. As such, researchers and public health practitioners
should involve stakeholders in developing intervention content specific to a setting that is
unique to their needs and political/physical environment [73]. While the systems-based
approach might compromise the internal validity of uniform individual-centered interven-
tions, the resulting interventions might see a higher level of buy-in, adherence and ultimately,
effectiveness [74].

Another potential explanation for the largely ineffective interventions could be due to an
oversight in relatively unconscious motivation that hinders behaviour change [75]. Based on
the COM-B model that encapsulates the main ingredients for successful behaviour change
[62], all interventions included in this review have targeted individuals’ psychological and/or
physical capability (C), have provided social and/or physical opportunities (O), and reflective
motivation (M) (referring to the individual/interpersonal psychological determinants), but
arguably, automatic motivation to disengage from behaviour change is overlooked. Important
to note is that PAB/SB interventions target inactive individuals who are likely to favour being
sedentary over being active at a behavioural level [75]. However, PAB promotion seldom con-
siders such inherent resistance to behaviour change [76]. Currently, research into this dual
process in behaviour change is largely experimental, so the need for this area of research to be
incorporated in applied settings is urgently called for [13]. Not only will such effort benefit
intervention design, but also health messaging in the promotion of PAB.

Some limitations of the current review warrant attention. First, this review was based on
self-report PAB/SB which is subject to various types of bias, including but not limited to social
desirability and recall bias, based on the PAB/SB tools used in the included studies [77].
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However, this is not to say that self-reports are inferior to device-based measurements when
its usage is fit for purpose [78]. Additionally, the small number of studies included in all meta-
analyses makes it challenging to determine the degree of heterogeneity and publication bias,
despite that RoOBMA was conceptualized to offset the lack of power [43]. Nevertheless, if fol-
lowed the frequentist approach, publication bias should only be assessed when there are 10 or
more studies in a meta-analysis, which all our meta-analyses fall short on [79]. Besides, adopt-
ing the Bayesian approach to meta-analysis has benefited our interpretation of the findings, as
it can indicate the strength of evidence of the likelihood of the presence or absence of an effect,
unlike the all-or-nothing interpretation from the frequentist approach [44]. Another issue
with a small study number within a meta-analysis might have contributed to imprecision in
the GRADE process even though the total sample is relatively sizable. This has inevitably
impacted our assessment of the certainty of evidence. Regarding the risk of bias assessment, as
blinding of participants is inherently challenging, if not impossible, due to ethical consider-
ations, the relevant domains related to outcome assessment were deemed ‘high risk’ for all
studies. We have thus examined all domains in the risk of bias assessment in the GRADE pro-
cess instead of relying on the overall risk. Future interventions should consider including an
active control group, so that the status of the intervention group can be more easily masked,
and any efforts in blinding participants should be made more explicitly clear. Importantly, due
to the lack of mediation analyses in the included studies, the association between the determi-
nants and PAB/SB could only be inferred. Whilst the call for mediation analysis to examine
the causal pathways was made more than a decade ago [80], many interventions still do not
adopt this analytic approach. A potential reason could be the sheer number of determinants
(some more modifiable than others) included in some interventions hinder meaningful medi-
ation analyses [81]. For example, in one of the included studies, there are altogether 44 deter-
minants for PAB/SB, and some of these determinants are conceptually similar (e.g., both
determinants ‘parents let child watch TV’ and ‘parents remind child about rules’ can fall under
one umbrella determinant ‘parental practice on SB’) [57]. Additionally, contradictory evidence
exists in the association between determinants and PAB/SB, and researchers ought to monitor
their unconscious bias in selecting the determinants to intervene. Without a clearer under-
standing of the context through which determinants operate and interact with each other,
incorporating even evidence-based determinants into an intervention would not guarantee
intervention success. Lastly, due to the restrictions of our eligibility criteria, interventions that
implemented policy/environment change (as determinants themselves), but without quantify-
ing the magnitude of change, had been excluded from the review. However, these interven-
tions may provide valuable qualitative information regarding the interactions between
different levels of determinants within the socio-ecological model. Future research should also
review interventions and real-life public health initiatives that targeted policy and environ-
mental change, to examine the extent to which they can effectively modify individual and
interpersonal determinants.

Conclusion

The current systematic review set out to examine modifiable determinants in interventions fol-
lowing the RCT and CT design that target children and their association with self-report PAB/
SB in different settings. However, the lack in intervention effect on determinants and the cor-
responding PAB/SB in all settings led us to conclude that the associations between any modifi-
able determinants and PAB/SB remain uncertain. Specifically, almost all modifiable
determinants identified belonged to individual or interpersonal categories according to the
socio-ecological model. None of the meta-analyses showed evidence for the presence of
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intervention effect on the determinants and PAB/SB. These results made us question the modi-
fiability of individual and interpersonal determinants in different settings, and whether they
would be more modifiable if policy and/or environment conducive to PAB/SB change were in
place. Additionally, for determinants that have seen an intervention effect, but without corre-
sponding changes in PAB/SB, if and how they should be targeted in future interventions
should be carefully considered. Crucially, to accelerate our understanding of what determi-
nants might work for who and how, and in what settings, realist synthesis should be conducted
in order to inform the design of interventions, and interventions should adopt a system-based
approach. With more careful consideration of determinants to target in interventions, con-
ducting mediation analysis between determinants and PAB/SB could provide a clearer picture
of their causal pathways. Lastly, design of interventions for children should also consider the
automatic motivation that hinders behaviour change.
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