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ABSTRACT
Introduction: Community- and population-level and policy interventions are commonly evaluated using nonrandomized stud-
ies (NRS), rather than randomized trials (RCTs). Recent Cochrane reviews of interventions for preventing childhood obesity have 
been restricted to RCTs, so less is known about the effectiveness of these more upstream interventions. To address this gap, we 
conducted an overview of reviews of NRS interventions (NRSI), which assessed change in BMI in children and adolescents aged 
5–18 years and compared NRSI findings with those from RCTs.
Methods: We searched five databases up to November 2024. Screening, data extraction, and quality assessment were performed 
using standardized tools.
Results: We included 28 systematic reviews and identified 136 NRSI either based in school (n = 118), community (n = 4) or 
combined settings (n = 14) and evaluating policy (n = 48), education (n = 11), or a combined intervention (n = 77). Twenty-six re-
views included both NRSIs and RCTs; of these, 12 reported meta-analyses. Findings were largely unchanged when we excluded 
the RCTs and re-ran analyses. Overall, study-level results from the NRSI favored the intervention group; a quarter favored the 
comparison group. The meta-analysis summary effects from NRSIs were consistent with two recently published Cochrane meta-
analyses of RCTs of obesity prevention interventions.
Conclusions: The results from this overview of reviews suggest researchers and policy makers can be confident in considering 
the results of robust nonrandomized study designs (evaluating their impact on BMI) alongside RCTs in their decision making. 
Although we identified a significant number of NRSIs for review, very few evaluations of upstream interventions were eligible 
for inclusion.

Abbreviations: BMI, body mass index; BMIp, body mass index percentile; CASP, Critical Appraisal Skills Programme; CI, confidence interval; CONSORT, 
Consolidated Standards of Reporting Trials; CRD, Centre for Reviews and Dissemination; EPOC, Effective Practice and Organization of Care; FI, fitness intervention; 
MD, mean difference; N, number; n/a, not applicable; NR, nonreported; NICE, National Institute for Health and Care Excellence; NSLP, National School Lunch 
Programme; NRSI, nonrandomized studies of interventions; PA, physical activity; PICOS, Population, Intervention, Comparison, Outcome, and Study design; RCT, 
randomized controlled trials; RoB, risk of bias; ROBINS-I, Risk of Bias in Nonrandomized Studies of Intervention; ROBIS, Risk of Bias in Systematic Reviews; SB, 
sedentary behavior; SD, standard deviation; SE, standard error; SMD, standardized mean difference; WHO, World Health Organization; zBMI, age- and sex-
standardized body mass index; τ, tau.
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1   |   Introduction

Globally, obesity is the fifth leading risk factor for mortality [1]. 
Prevalence rates of obesity among adolescents and children are 
increasing around the world, presenting a major public health 
problem [2]. Children living with overweight or obesity are at 
increased risk of living with overweight or obesity in adulthood 
[3, 4]. Childhood and adolescent overweight and obesity are risk 
factors for short- and long-term morbidity, including type 2 di-
abetes, hypertension, coronary heart disease, depression, social 
isolation, and premature mortality [5].

A synthesis of data from 154 countries or regions found that 
one in five children or adolescents experienced excess weight 
and that rates of excess weight varied by regional income and 
Human Development Index [6]. Compared with 2000 to 2011, 
a 1.5-fold increase in the prevalence of obesity was observed in 
2012 to 2023. The rapid rise in overweight and obesity preva-
lence occurring in low- and middle-income countries (LMICs), 
which are simultaneously undergoing a slower reduction in the 
prevalence of undernutrition, has fueled the double burden of 
malnutrition in LMICs [7]. In a separate analysis across high 
and middle-income countries, the total costs of obesity ranged 
from 0.05% to 2.42% of the country's gross domestic product 
(GDP); consistent evidence indicated that the economic burden 
of obesity was substantial [8]. Policies to tackle population-level 
obesity, including childhood obesity, have been introduced in 
many countries around the world. Most of these policies target 
upstream interventions and dietary intake behaviors (rather 
than physical activity behaviors). Examples include taxation 
policies on sugary beverages, which have been instituted in over 
45 countries, cities, and regions across the world including in 
LMICs in the Americas, Africa, Middle East, Southeast Asia and 
Western Pacific [9]. Food policies in LMICs, mainly an increase 
in tariff rates on “unhealthy” foods (sugar and confectionery 
products as well as fats and oils) and governments' subsidies, are 
associated with a reduction in overweight and that these effects 
are more pronounced among poorer individuals [10]. Another 
example is the adoption of food labelling systems, which have 
been instituted and evaluated in at least 15 countries includ-
ing LMICs (Brazil, Chile, Columbia, Mexico, and Uruguay) 
[5, 11–15].

Current evidence indicates that the contribution of social fac-
tors to health is as important as that of individual lifestyle 
factors [16]. Furthermore, community- and population-based 
interventions are most effective at targeting the wider social 
determinants of health [17–21]. Research into effective inter-
ventions for preventing childhood obesity has included a wide 
range of study designs. Evidence to date from RCTs suggests 
that some school-based interventions targeting dietary and 
physical activity behavior or lifestyle changes at the individ-
ual level may reduce obesity [22, 23]. The WHO Commission 
Ending Childhood obesity suggests that upstream interven-
tions such as implementation of policies at community- and 
population-level may be particularly important as they have 
actions at multiple levels of influence and may also be effective 
at preventing childhood obesity [5, 24]. While little evidence on 
the effectiveness of such upstream and policy interventions in 
terms of change in BMI is available from RCTs, a substantial 

amount of evidence is available from controlled studies with 
a nonrandomized design, which may provide insights into 
the effectiveness of such interventions. Although results from 
NRSIs often show larger intervention effects than those from 
RCTs, this is not always the case and there is a long-standing 
debate about the use of the “hierarchy of evidence” in public 
health policy research [25, 26].

If good quality NRSIs in this field yield similar findings to 
RCTs, then added confidence can be placed on the results of 
systematic reviews of NRSIs, which are likely to remain the 
main evidence for upstream and policy interventions such as 
taxes and food labelling. Therefore, to complement the cur-
rent evidence provided by systematic reviews of RCTs, we un-
dertook an overview of systematic reviews of nonrandomized 
studies of interventions (NRSIs) to prevent obesity in children 
and extracted for re-analysis a subset of comparative NRSIs 
that, except for the study design, would otherwise have been 
eligible for inclusion in two recent Cochrane reviews of RCTs 
[22, 23]. The overview sought to identify and understand the 
nonrandomized evidence base around whether population, 
community, and school-based interventions are effective at 
preventing obesity in children through achieving reductions 
in body mass index (BMI) and to compare these effects with 
evidence from RCTs.

2   |   Methods

We undertook an overview of systematic reviews that included 
NRSIs evaluating the effect of interventions aimed at prevent-
ing obesity in children aged 5–18 years. This overview was 
conducted in line with the Cochrane Handbook of Systematic 
Reviews [27, 28]. The overview protocol was prospectively regis-
tered (PROSPERO: CRD42023420316).

2.1   |   Eligibility Criteria

We developed inclusion and exclusion criteria according to the 
Population, Intervention, Comparison, Outcome, and Study de-
sign (PICOS) framework.

2.1.1   |   Participants/Population

Eligible systematic reviews addressed children and adolescents 
from the general population aged 5–18 years, in community 
or school settings, and focusing on children and adolescents 
only. We defined children and adolescents, participants aged 
5–11 years and 12–18 years, respectively. If reviews included 
wider age groups, we required the effect of intervention on chil-
dren's BMI to be reported separately.

2.1.2   |   Intervention

We included any intervention aimed at preventing obesity, in-
cluding dietary and/or activity interventions (i.e., increasing 
physical activity and reducing sedentary behavior) involving 
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nutrition, education, lifestyle change, policy, social support, and 
combinations of these, implemented in any setting or via any 
medium. We excluded systematic reviews aimed at the treat-
ment of obesity.

2.1.3   |   Comparators Control

Eligible reviews included any active intervention or no interven-
tion as comparators.

2.1.4   |   Outcome

We included systematic reviews in which at least one BMI out-
come was reported. Consistent with previous reviews of RCTs, 
our primary outcomes of interest were continuous or dichoto-
mized measures of BMI and standardized BMI (zBMI), includ-
ing BMI percentile (BMIp), reported in children and adolescents 
aged from 5 to 18 years.

2.1.5   |   Study Design

We included systematic reviews reporting results of NRSI in-
cluding nonrandomized experimental studies, interrupted time 
series (with or without control/counterfactual), controlled before 
and after studies, and other natural experiments but excluding 
modeling studies. Reviews that included both nonrandomized 
and randomized studies were eligible for inclusion. However, 
to allow comparison of results between NRSIs and RCTs, these 
reviews were included only if results from the nonrandomized 
studies were reported individually or separately.

For this overview, we defined systematic reviews as reviews 
with the following characteristics:

i. A clear research question using the PICO format.

ii. Unambiguous, prespecified eligibility criteria (i.e., based
on eligibility criteria being reported in a preregistered pro-
tocol or clearly stated in the review).

	iii. A systematic literature search conducted in at least three
databases.

	iv. At least two reviewers contributing to study selection,
data extraction, and risk of bias assessments (either inde-
pendently or with one checking the work of the other).

2.2   |   Search and Selection of Systematic Reviews

To identify systematic reviews, we searched Medline, Embase 
and PsycInfo (via Ovid), the Cochrane Database of Systematic 
Reviews, and Epistemonikos, from inception to November 2024. 
We searched for terms relating to obesity, BMI, prevention, 
children, and NRSI. The search strategy was specific to each 
database (Table  S1). All citations identified were uploaded to 
EndNote 20 (Clarivate) for duplicate removal and de-duplicated 
results were then uploaded to Rayyan (rayyan.qcri.org). Two re-
viewers (F.S. and H.P.) independently selected eligible reviews. 
Any discrepancies were resolved by discussion.

2.3   |   Data Extraction and Risk of Bias Assessment 
for Included Reviews

A data extraction form was developed in Excel, which was first 
piloted on five reviews by two reviewers. As good agreement was 
achieved at the piloting stage, data extraction of studies charac-
teristics was completed by a single reviewer, with uncertainties 
resolved by consulting a second reviewer. Numerical outcome 
data were extracted independently by two reviewers (F.S., H.P., 
J.S.) with discussion to resolve discrepancies. From each review, 
we extracted information on the participants and interventions
(in the included studies) and other descriptive material. Risk
of bias assessments of the included systematic reviews using
the Risk of Bias in Systematic Reviews (ROBIS) tool [29] were
performed by one reviewer (F.S., H.P. or J.S.) and checked by
a second reviewer (F.S. or J.S.). The ROBIS tool addresses the
following four domains: study eligibility criteria, identification
and selection of studies, data collection and study appraisal, syn-
thesis, and findings. Each domain consists of several questions,
with five potential answers—“yes,” “probably yes,” “probably
no,” “no,” or “no information.” The answers are combined to
give each review an overall risk of bias rating of “low,” “high,” or 
“unclear” risk of bias.

2.4   |   Examination of the Included Primary Studies

In our protocol we planned to undertake synthesis at the level 
of the systematic review or meta-analysis. However, to mitigate 
the potential for aggregation bias and double counting of studies 
analyzed in multiple reviews, we decided to examine the indi-
vidual primary studies included in the systematic reviews. In 
this way, the included reviews can be viewed as the “source” for 
identification of eligible NRSIs. For this exercise, we defined “el-
igible NRSIs” more precisely as controlled nonrandomized stud-
ies of interventions (including interrupted-time series) aiming 
to prevent obesity in children and young people aged between 5 
and 18 years that reported at least one BMI outcome.

For each eligible NRSI included in an included systematic re-
view, one reviewer extracted data on the participants' age, 
setting, and type of intervention as well as numerical results re-
lating to the BMI outcomes, with uncertainties discussed with 
the senior author. For individual studies included in more than 
one systematic review, in case of inconsistency between reviews, 
we retrieved the study full text and extracted the data from the 
primary article. Where key characteristics or outcome results 
from an individual study were unclear or not reported, we also 
examined the original report for clarification.

For each eligible NRSI, the intervention setting was classified 
as “school,” “community,” or combined “school and commu-
nity.” Community settings included population-level settings. 
Studies in which the intervention had a component set in 
the home were categorized according to the primary setting. 
Interventions were categorized as “diet,” “physical activ-
ity,” and combined “diet and physical activity,” according to 
whether they were aimed at changing both diet and physical 
activity (i.e., increasing physical activity and/or decreasing 
sedentary behavior) or both, respectively. For each study, we 
categorized the mechanisms of change implemented by each 

http://rayyan.qcri.org
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intervention based on the socio-economic model of health be-
haviors [30] as follows:

• Educational (i.e., interventions likely to change behavior
of individuals). For example, where the studies are of educa-
tional interventions for children (and or the parent carers).

• Policy (i.e., interventions to change the environment or
policy changes). For example, studies focusing on changes
to school policy, environment, or regional/national policy
changes affecting diet and activity.

• Educational and policy: studies in which there is a mix of 
individual and environmental interventions.

2.5   |   Strategy for Data Synthesis

We first summarized the characteristics of the included system-
atic reviews in tabular form. Subsequent syntheses were primar-
ily based on eligible NRSIs included in the systematic reviews.

We undertook two types of quantitative syntheses based on the 
individual eligible NRSIs: a “within-reviews” approach and 
an “across-reviews” approach. The within-reviews approach 
sought to provide estimates of intervention effect from the 
NRSIs included in each review (where possible). As part of this, 
we also compared the results from NRSIs with the results from 
NRSIs and RCTs combined. Specifically, from each review, we 
extracted the results of the meta-analysis of NRSIs alone and, 
when available, also the meta-analyses across NRSIs and RCTs, 
as reported by the reviews’ authors. If these results were not 
available, from each systematic review, we identified NRSIs 
and RCTs that reported data in a format that was suitable for 
inclusion in a meta-analysis; for example, BMI or age- and sex-
standardized BMI (zBMI) mean difference (MD) or combined 
BMI/zBMI reported as standardized mean difference (SMD), 
with a measure of variance (standard error [SE], standard de-
viation [SD], or 95% confidence interval [CI]). We performed 
random-effects meta-analyses of results from NRSIs only and 
of results from NRSIs and RCTs combined where these were 
available. Note that none of the reviews reporting meta-analyses 
included only NRSIs.

The across-reviews approach began with a simple yet compre-
hensive synthesis using vote counting by direction of effect 
(regardless of statistical significance) as recommended in the 
Cochrane Handbook for Systematic Reviews of Interventions 
[31]. For each study, we determined the direction of effect for 
each reported outcome. We present the vote counting syntheses 
overall and subgrouped by (1) type of intervention: diet, phys-
ical activity, or combined diet and physical activity; (2) by set-
ting: school or community or both; and (3) by mechanisms of 
change (educational, policy, or both). We then sought to provide 
estimates of effect from the NRSIs and compared them with 
the results of the previous Cochrane reviews of RCTs [22, 23]. 
These analyses combined results of eligible NRSI (i.e., for which 
suitable data for meta-analysis were available from systematic 
reviews), irrespective of which systematic review they had 
been included in. Meta-analyses were conducted by age group 
(5–11 years and 12–18 years) and by type of intervention (diet, 
physical activity, combined diet, and physical activity). Studies 

including both age groups (i.e., 5–18 years age group) were in-
cluded in both age groups meta-analyses. For primary studies 
included in more than one systematic review and reporting re-
sults for the same BMI outcome(s), selection of results to be in-
cluded in the meta-analysis was based on the following criteria 
in the following order: (1) study reporting a complete versus in-
complete effect estimate (e.g., MD with SE, SD, or CI versus MD 
with p value); (2) effect estimate reported for the whole group 
versus by subgroup; (3) larger versus smaller sample size; and (4) 
earlier publication date.

3   |   Results

3.1   |   Systematic Reviews Selection

The electronic searches yielded 1143 results (see PRISMA flow-
chart in Figure  1) and two records were identified through 
citation searching. After duplicates were removed, titles and 
abstracts of the remaining 1058 results were screened. We re-
trieved and screened the full text of 127 reviews, of which 97 
reviews were excluded, and 28 reviews (31 records) met the eligi-
bility criteria and were included in this overview. Full references 
of the 97 systematic reviews excluded at full-text stage, along 
with reasons for their exclusion, are listed in Table S2.

3.2   |   Characteristics of the Included Systematic 
Reviews

Key characteristics of the 28 included systematic reviews are 
summarized in Table  1 and further details are provided in 
Table S3. The reviews were published between 2001 and 2024 
and included between 6 and 146 studies (a grand total of 1001 
studies, including studies reported in more than 1 review). Most 
of the reviews (26, 92.6%) included both RCTs and NRSI (e.g., 
difference-in-differences, interrupted-time-series, instrumental 
variables). One review only included NRSI, and one only in-
cluded natural experiments.

We identified 136 unique eligible NRSIs (published in 141 re-
ports) reporting at least one BMI outcome. The full reference list 
of eligible NRSIs is reported in Table S4. The number of eligible 
NRSIs included in each review ranged from one to 68, and those 
studies were published between 1986 and 2024. We found lit-
tle overlap of eligible NRSIs between the reviews, with only six 
studies included in three systematic reviews, 26 studies included 
in two systematic reviews, and 104 studies included in only one 
systematic review (Table S5).

3.2.1   |   Participants and Setting

Of the 28 included reviews, five included children, adoles-
cents, and adults, and 23 only included children and/or ad-
olescents. One review focused on children from South Asian 
ethnicity, one review included studies on mothers and daugh-
ters, one review included Latin American countries only, one 
review included Latin American and the Caribbean countries 
only, one focused on participants from high-income coun-
tries only, and one review included only adolescents from 
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socioeconomically disadvantaged backgrounds. The other 22 
reviews included children and/or adolescents from the gen-
eral population. Fifteen reviews (53.6%) only included studies 
set in school or other educational settings, 12 (42.9%) included 
studies in any setting, and one (3.6%) only included studies set 
in the community.

3.2.2   |   Intervention Types

Four reviews (14.3%) included only studies of diet interventions 
(one of these with or without physical activity component); five 
(17.9%) included only studies of physical activity intervention 
(two of these with or without diet component); and 19 (67.9%) 
reviews included studies of diet, physical activity, or a combined 
diet and physical activity intervention.

3.2.3   |   Methods of Risk of Bias Assessment 
of the Included NRSI

Of the 28 systematic reviews, 25 (89%) conducted a risk of bias 
assessment of the included NRSI using a formal risk of bias as-
sessment tool (Table S3). Of these, eight reviews used the Risk 
of Bias in randomized trials (RoB1) [32] (or a modified version 
of it), five reviews used the quality assessment tool for quan-
titative studies of the Effective Public Health Practice Project 

[33] (or a modified version of it), five reviews used the Risk of
Bias in Nonrandomized Studies of Interventions (ROBINS-I)
[34], two reviews used the Newcastle–Ottawa Scale for non-
randomized study designs [35] (or a modified version of it),
one used the Critical Appraisal Skills Programme (CASP)
Checklist for randomized controlled trials [36] and for co-
hort studies [36, 37], one used a nine-item tool adapted from
the Consolidated Standards of Reporting Trials (CONSORT)
statement [38] and previously used quality criteria for meth-
odology and reporting, one used a modified version of a
quality assessment rubric based on Centre for Reviews and
Dissemination (CRD) guidance [39], one used a modified ver-
sion of the Downs and Black checklist [40], and one used a
bespoken eight-item scale tool.

3.2.4   |   Risk of Bias Assessment 
of the Systematic Reviews

The overall risk of bias in each systematic review is reported in 
Table S3 and full assessment is reported in Table S6. Eight re-
views (29%) were found to be at low risk of bias, 13 (46%) had 
unclear risk of bias, and seven (25%) were at high risk of bias. 
The main reasons for reviews being considered at high or un-
clear risk of bias were as follows: inappropriate restrictions in 
eligibility criteria based on study characteristics (five reviews), 
inadequate methods of literature searching and/or application 

FIGURE 1    |    PRISMA flowchart.
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of inappropriate restrictions during the study selection (14 re-
views), inadequate data collection and risk of bias assessment of 
the included studies (eight reviews), and conducting inappropri-
ate synthesis and/or not addressing studies' heterogeneity and/
or bias in included studies (nine reviews).

3.3   |   Within-Reviews Syntheses: Results 
of Meta-Analyses of NRSIs and Comparison With 
Meta-Analyses of Combined NRSIs and RCTs

Twelve systematic reviews reported meta-analysis results of 
NRSI alone or combined with RCTs (Table  2; Figure  2). In 
nine reviews, meta-analyses of eligible NRSIs results showed 
a beneficial effect of the intervention on a BMI outcome; in 
seven reviews there was evidence of a beneficial effect of both 
the intervention and the control group, and in two reviews, 
meta-analysis results showed both a beneficial or little to 
no effect of the interventions, depending on outcome(s) and 
subgroups.

Comparison of meta-analysis results from eligible NRSIs with 
the results from NRSIs and RCTs shows that, of the 12 system-
atic reviews that reported meta-analysis results, in nine re-
views, results were concordant for one or more BMI outcomes 
or subgroups (six showing beneficial effect and three showing 
no effects); in two reviews, results were discordant (no effect in 
NRSIs and beneficial effect in NRSIs & RCTs); in two reviews, 
results were both concordant and discordant across the reported 
subgroup analysis.

3.4   |   Characteristics of the Included Primary 
Studies

Characteristics of the 136 eligible NRSIs (as extracted from the 
respective systematic reviews) are reported in Table S7.

3.4.1   |   Participants and Setting

One hundred eight studies (79.4%) included children aged 
5–11 years, 17 studies (12.5%) included adolescents aged 
12–18 years and 11 studies (8.1%) included both children and ad-
olescents aged 5–18 years. In the majority of the primary studies, 
interventions were delivered in schools (118 studies, 86.8%), in 
four studies (2.9%), the intervention was delivered at community 
level and in 14 studies (10.3%) both in schools and within the 
community. In 14 studies conducted in school and in two studies 
conducted in both school and the community, the interventions 
also had a component set within the home.

3.4.2   |   Intervention Type and Mechanism of Change

Most of the primary studies (82, 60.3%) reported the effects of 
diet and physical activity interventions; 13 studies (9.6%) were on 
diet interventions only, and in 40 studies (29.4%), the interven-
tion aimed at changing physical activity only. In one multiarm 
study (0.7%), the three intervention arms were a diet, a physical 
activity, and a combined diet and physical activity intervention. 

Eleven studies (8.1%) implemented educational interventions; 
in 48 studies (35.3%), the interventions were implementation of 
policy, and 77 studies (56.6%) implemented multicomponent in-
terventions with both policy and educational interventions.

3.4.3   |   Outcomes

From the 136 eligible NRSI included in the 28 systematic re-
views, BMI outcomes reported were as follows: BMI (32 stud-
ies), zBMI (45 studies), BMIp (7 studies), BMI SMD (54 studies), 
proportion of participants who were living with obesity (%Ob, 
16 studies), proportion of participants who were classified as 
overweight (%Ow, 8 studies), and proportion of participants 
who were classified as overweight or with obesity (%Ow/Ob, 12 
studies).

3.4.4   |   Risk of Bias and Quality Assessment of NRSIs

Risk of bias and quality assessment in NRSI is reported in 
Table S7. Of the 136 included studies, 103 (75.7%) were assessed 
for risk of bias, 25 (18.4%) were assessed for quality and 3 (2.2%) 
were assessed for both risk of bias and quality; no assessment 
was conducted on 5 studies (3.7%). Of the 103 studies that were 
assessed for risk of bias and/or quality, the majority (n = 75; 57%) 
were judged as high/severe risk of bias and/or low quality; two 
were judged as critical risk of bias (1.5%); 14 studies were of me-
dium (or some concern) risk of bias; 19 (15.4%) were of low risk 
of bias and/or good or fair quality; among the studies included 
in more than one review, 18 (13.7%) were judged differently by 
different authors (mixed risk of bias/quality); judgment was un-
clear for three studies.

3.5   |   Across-Reviews Syntheses: Findings 
of NRSIs by Broad Category of Participants 
and Interventional Approach

Across-reviews synthesis included vote counting by direction of 
effect and comparison of estimates of effect from the NRSIs with 
the results of the previous Cochrane reviews of RCTs (Figure 2).

3.5.1   |   Direction of Effects

We report summary results of direction of effect from individual 
studies by age group (5–11 and 12–18 years; Table 3). Then, for 
each age group, we report summary results by setting (school, 
community, school, and community), by type of intervention 
(diet, PA, and combined diet and PA) and by the mechanism of 
change implemented (educational interventions, policy inter-
ventions, and combined policy and educational interventions) 
(Supporting Information and Table  S8). Of the 136 included 
primary studies, in 85 (62.5%), the direction of effect favored 
the intervention in all BMI outcomes, and in 31 (22.8%), the 
direction of effect favored the comparator. Ten studies (7.35%) 
reported mixed findings (favored both the intervention and the 
comparator): six studies by subgroups and four studies by out-
comes. Direction of effect was not reported in 10 studies (7.35%) 
(Table 3).
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TABLE 2    |    Syntheses within included reviews: comparison of results of NRSIs versus combined NRSIs and RCTs.

Review ID Outcome Meta-analysis results from NRSIs
Meta-analysis results 
from NRSIs & RCTs

Azevedo 2016 SMD SMD (95% CI): 0.04 (−0.01, 0.15); 
5 studies, 3260 participantsa

SMD (95% CI): −0.06 (95% CI: −0.1, 
−0.02); 71 studies, 29,650 participantsb

Balderas-Arteaga 2024 zBMI MD (95% CI): −0.05 (−0.09, −0.01); 
1 study, 1109 participants

MD (95% CI): −0.14 (−0.25, −0.03), 
4 studies, 4417 participantsb

Brown 2015 SMD SMD (95% CI): −0.32 (−1.89 to 1.24); 
2 studies, 710 participantsa

SMD (95% CI): −0.01 (−0.29, 0.28); 
5 studies, 1038 participantsb

Feng 2017 SMD PA interventions: SMD (95% CI): 0.04 
(−0.05, 0.13); 2 studies, 1759 participantsa

PA interventions: SMD (95% 
CI): 0.05 (−0.04, 0.15); 4 

studies, 1921 participantsb

DPA interventions: SMD (95% CI): −0.19 
(−0.27 to −0.11); 3 studies, 4356 participantsc

No RCTs

Gody-Cumillaf 2020 SMD SMD (95% CI): −0.09 (−0.18, −0.01); 
2 studies, 2422 participantsa

SMD (95% CI): −0.19 (−0.32, −0.07); 
8 studies, 4864 participantsb

Guerrero-Magana 
2024

zBMI MD (95% CI): −0.05 (−0.11, 0.002); 
2 studies, 255 participantsa

MD (95% CI): −0.06 (−0.10, −0.01); 
4 studies, 423 participantsb

Jacob 2021 zBMI MD (95% CI): −0.1 (−0.15, −0.05); 
4 studies, 3072 participantsa

MD (95% CI): −0.06 (−0.10, −0.03); 
14 studies, 18,722 participantsb

Katz 2008 BMI MD (95% CI): −0.17 (−0.33 to −0.01); 
3 studies, 3629 participantsa

MD (95% CI): −0.29 (−0.45, −0.14); 
8 studies, 10,752 participantsb

Pineda 2021 zBMI MD (95% CI): −0.20 (−0.26, −0.14); 1 
study, n of participants is not reported

MD (95% CI): −0.12 (−0.15, −0.10); 5 
studies, n of participants is not reported

Podnar 2021 SMD FI + SB interventions: SMD (95% CI): −3.64 
(−7.75, 0.48); 2 studies, 3410 participantsa

FI + SB interventions: SMD (95% 
CI): −0.01 (−0.09, 0.07); 5 studies, 

n participants is unclearb

PA interventions: SMD (95% 
CI): −0.31 (−0.55, −0.08); 18 
studies, 10,544 participantsa

PA interventions: SMD (95% CI): 
−0.04 (−0.09, 0.02); 38 studies,

n participants is unclearb

PA + SB interventions: SMD (95% CI): −0.18 
(−0.39, 0.03); 7 studies, 7315 participantsa

PA + SB interventions: SMD (95% 
CI): −0.07 (−0.13, −0.00); 24 

studies, n participants is unclearb

FI interventions: SMD (95% CI): −0.02 
(−0.08, 0.03); 19 studies, 29,771 participantsa

FI interventions: SMD (95% CI): 
−0.03 (−0.07, 0.00); 34 studies,

n participants is unclearb

zBMI PA interventions: MD (95% CI): −0.13 (−0.17, 
−0.1); 14 studies, 10,039 participantsa

PA interventions: MD (95% CI): 
−0.09 (−0.12, −0.06), 23 studies,

n participants is unclearb

FI interventions: MD (95% CI): −0.13 (−0.22, 
−0.04); 7 studies, 6252 participantsa

FI interventions: MD (95% CI):
−0.1 (−0.16, −0.03); 13 studies,

n participants is unclearb

PA + SB interventions: MD (95% CI): −0.04 
(−0.14, 0.05); 4 studies, 17,634 participantsa

PA + SB interventions: MD (95% 
CI): −0.05 (−0.09, −0.02); 17 

studies, n participants is unclearb

(Continues)
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3.5.2   |   Meta-Analyses

We meta-analyzed results from 98 (71%) of the eligible primary 
NRSI (i.e., only studies for which suitable data for meta-analysis 
were available from systematic reviews), and we present those 
results alongside the results from RCTs previously reported else-
where [22, 23].

3.5.2.1   |   Age Group 5–11.  In the age group 5–11 years 
(Table  S9), results from NRSIs are consistent with those from 
RCTs, with very little to no effect of diet only interventions 
on BMI outcomes in both NRSIs and RCTs. We found little to 
no effect of activity only interventions in NRSIs and only some 
evidence of effect was observed in RCTs at medium-term fol-
low-up (9 to < 15 months) in all BMI outcomes reported. In con-
trast, there was some evidence of beneficial effect of combined 
diet and physical activity interventions in NRSIs in all BMI out-
comes reported, and some evidence of a beneficial effect in RCTs 
at short-term (BMI; 12 weeks to < 9 months) and medium-term 
(z-BMI) follow-up.

3.5.2.2   |   Age Group 12–18.  In the age group 12–18 years, 
none of the diet intervention studies reported results eligible 
for meta-analysis (Table S10); results are inconsistent between 
physical activity alone and combined diet and physical activity 
interventions, with some evidence of effect in RCTs and little to 
no effect in NRSIs.

4   |   Discussion

4.1   |   Summary of Main Results

Our overview identified 28 systematic reviews of nonrandom-
ized studies of interventions to prevent obesity in children and 
adolescents. Among these we evaluated the evidence from 136 
NRSIs that reported BMI outcomes. Consistent with previous 
Cochrane reviews of RCTs with the same types of eligible in-
tervention [22, 23], most of the NRSIs were conducted in chil-
dren aged 5–11 years, most of the interventions were aimed at 
changing both diet and physical activity, and the majority were 

delivered in school. While we had hoped that, by looking at non-
randomized studies, we would identify a larger number of stud-
ies in nonschool settings, only a small proportion was set within 
the community or in both school and the community.

Our syntheses of direction of effect show that overall, more of 
the interventions were beneficial than not, with only a quarter 
favoring the comparison group. Subgroup analysis of direction 
of effect suggests that multicomponent interventions aimed at 
changing both diet and physical activity were most effective in 
reducing BMI gain in children aged 5–11 years and adolescents 
aged 12–18 years.

Meta-analyses combining results of NRSIs and RCTs, reported 
in a subset of 12 included systematic reviews, did not produce 
results differing substantially from meta-analyses that included 
only the NRSIs. Similarly, we found no substantial differences 
between meta-analysis results from NRSIs and previous meta-
analyses of RCTs in Cochrane reviews [22, 23], reinforcing the 
results for both evidence bases. The proportion of studies in 
which the direction of the effect favored the intervention that 
were not included in the meta-analysis (55.3%) is comparable to 
the number of those included in the meta-analyses (65.3%), sug-
gesting that our meta-analysis results are not biased by selective 
reporting of positive results.

These results suggest that the results from NSRIs that met our in-
clusion criteria are very similar to those from RCTs. However, it 
remains the case that studies using random allocation (including 
cluster randomization) provide the most reliable evidence on com-
parative efficacy and, where possible, should be used in preference 
to other methods of allocation [41]. In most of the NSRI studies in-
cluded in this review, it is unclear from the reporting why random 
allocation was not employed although we appreciate that reasons 
may include impracticability or lack of generalizability [42, 43]. 
We suggest that those responsible for collating and synthesizing 
the best available evidence for effectiveness of healthcare inter-
ventions should prioritize RCT designs where there is enough evi-
dence and only include NSRIs and other study designs where there 
is a dearth of information from RCTs. This may be particularly 
true of upstream population-level type interventions.

Review ID Outcome Meta-analysis results from NRSIs
Meta-analysis results 
from NRSIs & RCTs

Rochira 2020 BMI MD (95% CI): −0.2 (−2.02, 1.62); 
1 study, 104 participants

MD (95% CI): 0.13 (−0.94, 1.20); 
2 studies, 188 participantsb

BMIp MD (95% CI): −1.08 (−2.30, 0.15); 
2 studies, 1989 participantsa

MD (95% CI): −1.37 (−2.38, −0.37); 
4 studies, 4593 participantsb

zBMI MD (95% CI): −0.03 (−0.13, 0.07); 
2 studies, 1276 participantsa

MD (95% CI): −0.09 (−0.19, 0.01); 
4 studies, 2062 participantsb

Waters 2014 SMD SMD (95% CI): −0.11 (−0.19, −0.03); 
5 studies, 6001 participantsa

MD (95% CI): −0.15 (−0.23, −0.08); 
24 studies, 18,984 participantsb

aDe novo meta-analysis results including NRSIs only.
bMeta-analysis results including RCTs and NRSIs as reported in the systematic review.
cMeta-analysis results including NRSIs only as reported in the systematic review.
Abbreviations: BMI, body mass index; BMIp, BMI percentile; CI, confidence interval; FI, fitness intervention; MD, mean difference; NRSI, nonrandomized study 
of intervention; PA, physical activity; RCT, randomized controlled trial; SMD, BMI standardized mean difference; SB, sedentary behavior; zBMI, age- and sex-
standardized BMI.

TABLE 2    |    (Continued)
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A limited number of high-quality evaluations of upstream, 
policy-level, population-level interventions, which aimed to 
tackle childhood obesity were identified but did not meet the 
inclusion criteria for this review, mostly because of their study 
design and/or they did not assess change in BMI. These high-
quality evaluations used innovative study designs, for practical 
reasons, to substitute for a contemporaneous control group. 

Examples include the use of simulation modeling to estimate 
the potential effects on the prevalence of childhood obesity of 
(a) systematically offering preventive (and treatment) interven-
tions to eligible children in England, based on weight or health
status [44] and (b) a 20% and 30% ad valorem excise tax to sugar-
sweetened beverages in Brazil [45]. Another example includes
the compilation of several macro- and micro-level datasets
(linked data sets) that provide information on policies or anthro-
pometric data to estimate the potential effects of the policy, e.g.,
the effect of food policies, mainly tariff rates on “unhealthy”
foods and governments' subsidies, in various countries [10].

4.2   |   Comparison With Previous Reviews on 
This Topic

Our updated findings are similar to earlier overviews of sys-
tematic reviews that evaluated the effectiveness of childhood 
obesity prevention interventions. Several overviews (combin-
ing evidence from both RCTs and NRSIs) observed either small 
or no effects in most obesity prevention interventions [46–49]. 
Consistent with our findings, Flodgren et al. found that inter-
ventions targeting sugar-sweetened beverage consumption and 
involving nutrition education could have beneficial effects on 
dietary behavior (but not on BMI) in adolescents [48].

Cauchi et  al. found that interventions reducing sedentary be-
havior and increasing physical activity could impact on child-
hood BMI, which supports our findings that improving diet and 
increasing physical activity could improve childhood BMI [47]. 

FIGURE 2    |    Diagram of within-reviews and across reviews synthesis.

TABLE 3    |    Syntheses across included reviews: direction of effects of 
interventions on BMI outcomes.

Age group 
5–11 years 

(119 studies)

Age group 
12–18 years 
(28 studies)

Effect of the 
intervention No. of studies (%) No. of studies (%)

Direction: favors 
intervention

76 (63.9) 16 (57.1)

Direction: favors 
comparator

25 (21.0) 8 (28.6)

Direction: mixed 
across subgroups

5 (4.2) 1 (3.6)

Direction: mixed 
across outcomes

4 (3.4) 1 (3.6)

NR 8 (6.7) 2 (7.1)

Abbreviation: NR, not reported.
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Furthermore, Bahia et al. found that interventions aiming to re-
duce sedentary behavior, and including parental involvement, 
positively impact childhood BMI in the short-term [46].

Two overviews found that multicomponent interventions were 
more effective than single-component interventions. Cauchi 
et  al. suggested that this was a result of maximizing compo-
nent suitability and hence, maximizing the number of children 
receiving benefit (e.g., some children may not enjoy physical 
activity, but could fully engage with sedentary behavior compo-
nents) [47]. This could explain the conflicting results for single-
component interventions in this overview. Bahia et al. argued 
that multicomponent interventions are probably only effective 
in the short-term [46].

4.3   |   Strengths and Limitations

The greatest strength of this overview is the systematic approach 
through which it was conducted. The overview was conducted 
methodically and in line with guidance from the Cochrane 
Handbook for Systematic Reviews of Interventions. Searches 
were conducted across multiple databases, some of which spe-
cifically index systematic reviews. The search strategy was kept 
as broad as possible and returned most of the systematic reviews 
included in this overview.

Our overview has some limitations. First, as we sought only sys-
tematic reviews, we did not identify primary studies that had 
not been included in eligible systematic reviews. Second, when 
selecting systematic reviews, we designed inclusion and exclu-
sion criteria to retrieve only systematic reviews that were rigor-
ously conducted (e.g., data extraction and risk of bias assessment 
conducted by at least two reviewers). This restriction may have 
resulted in the exclusion of systematic reviews that included 
additional primary studies. Third, our results are constrained 
by the quality of reporting of the included systematic reviews. 
We relied upon details of the systematic reviews as reported in 
the main text and supplementary materials (when available), 
without contacting review authors for clarification. Similarly, 
for data from individual studies included in the identified sys-
tematic review, we relied upon details and results as reported by 
the systematic reviews, without consulting the individual study 
(unless specified) and without contacting the individual study 
authors for clarification. Fourth, our interest was in comparative 
nonrandomized studies, which are generally prone to residual 
confounding and other biases. Fifth, although differences across 
follow-up times were a key finding in the recent Cochrane re-
views, we did not conduct such subgroup analysis in this over-
view. Finally, many systematic reviews were excluded during 
the study selection process because they did not report BMI 
outcomes. Although BMI is the most accurate way to measure 
adiposity in children, excluding studies that used other anthro-
pometric measures (e.g., weight gain, waist circumference) as 
well as systematic reviews reporting on other outcomes that are 
relevant to obesity prevention in children, such as changes in de-
mand, purchases, consumption or other dietary/activity behav-
iors that are often measured in upstream and policy intervention 
studies, but not BMI outcomes, will have limited the number of 
population-level studies that we might otherwise have included 
and influenced the findings of this overview.

5   |   Conclusions

The results from this overview of reviews suggest researchers 
can be confident in considering the results of robust nonran-
domized study designs to evaluate interventions to tackle child-
hood obesity that include measuring change in BMI or another 
indicator of body fatness. Consistent with findings from RCTs, 
the multicomponent interventions from robust NRSIs we iden-
tified that aimed at changing both diet and physical activity 
interventions seem likely to be more effective at reducing child 
BMI than single-component interventions (i.e., that only aimed 
to change diet or physical activity).

Although considerable evidence was collated in this overview of 
reviews, it is not possible to draw firm conclusions about all types 
of interventions that are effective at preventing childhood obe-
sity. It is now widely recognized that a system-based approach is 
needed to tackle obesity, with joined-up policy initiatives across 
government departments [50–52]. This reflects the global guid-
ance provided by the WHO [24]. However, very few evaluations 
of upstream, policy-level, population-level interventions to prevent 
childhood obesity (e.g., taxation on unhealthy foods and food la-
belling regulation) met the eligibility criteria for our review. Future 
efforts to examine evidence [42, 43]for such interventions would 
benefit from broader eligibility for NRSIs to allow for a more con-
sidered judgment on the totality of the evidence.
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