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Abstract

Background: Childhood obesity is a major public health concern worldwide, yet the best way to prevent it
remains unknown.

Objective(s): To determine what types of intervention strategy are most effective at preventing the development
of obesity in children aged 5-18 years, as measured by change in body mass index, and to determine whether
interventions work differentially in children with different characteristics associated with inequities.

Design: Systematic reviews and statistical evidence syntheses.

Eligibility criteria: Randomised controlled trials of dietary and/or activity interventions that aimed to prevent
overweight or obesity in children and young people aged 5-18 years and reported outcomes at least 12 weeks after
baseline. Non-randomised evidence was identified through an overview of systematic reviews. Sources of inequity
of interest were those defined by the PROGRESS (place of residence, race/ethnicity/culture/language, occupation,
gender/sex, religion, education, socioeconomic status, social capital) acronym: place, race/ethnicity, occupation (of
parents), gender/sex, religion, education (of parents), socioeconomic status and social capital.

Data sources: Updating of an existing Cochrane Review, searching bibliographic databases up to February 2023,
including MEDLINE, EMBASE, Psyclnfo® (American Psychological Association, Washington, DC, USA) and Cochrane
Central Register of Controlled Trials on the Cochrane Library, international trial registers and grey literature databases,
and examining reference lists. Results subgrouped by inequity factors were sought directly from trialists.

Review methods: Cochrane Reviews followed standard Cochrane procedures. The main statistical synthesis was
informed by a novel analytic framework developed iteratively through discussions with children and young people,
schoolteachers and public health professionals. Methodology was developed to analyse the data using multilevel
metaregression. To examine the impact of inequity factors, we performed a two-stage meta-analysis of interactions,
based on subgroup-level aggregate data collected directly from the trialists. We collected available information on
intervention costs.

Results: We included 172 trials in ages 5-11 and 74 in ages 12-18. In the main synthesis, of 204 trials from both
reviews, we found interventions were effective on average (mean difference in standardised body mass index -0.037,
95% credible interval —=0.053 to —0.022, which would correspond to a reduction in a proportion of 2.3% with obesity
to a proportion of approximately 2.1%). Larger effects were associated with physical activity rather than dietary
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interventions, after 12 months of follow-up and in the older age group. The overview of non-randomised evidence
included 24 systematic reviews, yielding mixed results. The investigation of inequity did not identify substantial
differences in effectiveness according to place of residence, race/ethnicity/culture/language, occupation, gender/
sex, religion, education, socioeconomic status, social capital characteristics, and there was very limited information
about costs.

Limitations: We were able to examine only the interventions that had been evaluated in studies identified for
inclusion in the systematic reviews, which does not cover all possible intervention approaches.

Conclusions: Interventions to prevent obesity in children aged 5-18 have a small beneficial effect on body mass
index on average but with considerable variation. A novel re-analysis of existing randomised trials failed to identify
general intervention characteristics driving this variation. No evidence was identified to suggest that interventions
increase (or decrease) health inequities.

Future work: Future studies of the effects of interventions to prevent childhood obesity should routinely collect
baseline characteristics around potential inequities.

Funding: This synopsis presents independent research funded by the National Institute for Health and Care Research
(NIHR) Public Health Research programme as award number NIHR131572.

Aplain language summary of this synopsis is available on the NIHR Journals Library Website https:/doi.org/ 10.3310/
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AKHDO0407.

Introduction

Parts of this synopsis have been reproduced from Spiga
et al.* This is an Open Access article distributed in accord-
ance with the terms of the Creative Commons Attribution
(CC BY NC 4.0) licence, which permits others to distribute,
remix, adapt and build upon this work, for non commer-
cial use, provided the original work is properly cited.
See:  https://creativecommons.org/licenses/by-nc/4.0/.
The text below includes minor additions and formatting
changes to the original text.

Background and aims

Childhood obesity is a major public health concern
worldwide, posing significant challenges to individuals,
families and healthcare systems.? The World Health
Organization estimates that the prevalence of obesity
in people aged 5-19 increased from 2% in 1990% to
8% in 2022, amounting to 160 million young people
worldwide.® Despite the proliferation of intervention
programmes to prevent development of obesity, their
effectiveness remains a subject of ongoing investi-
gation and debate. While some interventions have
demonstrated promising effects, others have yielded
equivocal or inconsistent results.* Obesity is inequitably
distributed in the population.® However, there is a risk
that interventions may increase inequities (sometimes
referred to as ‘intervention-generated inequities’).®”

The UK Government aims to halve childhood obesity
and significantly reduce the gap in obesity between chil-
dren from the most and least deprived areas by 2030.87
Local authorities have been encouraged to develop and
implement interventions aimed at maintaining a healthy
weight. These interventions are complex, since they are
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often comprised of many parts, and they intervene in
systems that themselves are complex such as schools,
communities and online environments.’® As such, the
interventions should be viewed as packages, and their
effects may depend strongly on the context in which they
are introduced.**

Here we summarise an NIHR-funded project to examine
the effectiveness of interventions to prevent childhood
obesity using a novel, sophisticated synthesis of the robust
evidence in this area, offering the potential to unearth
intervention features of both upstream and downstream
interventions that are more likely to be effective in public
health practice. The large body of existing randomised
trials of interventions to prevent childhood obesity pro-
vides an invaluable resource whose potential has not
been fully exploited. The careful application of modern
evidence synthesis methods to this evidence base has the
potential to derive important new messages about what
types of intervention work best, for whom and in what
circumstances. We also investigate differential effects of
intervention according to aspects of inequity by collecting
subgroup data from a substantial subset of the existing
randomised trials; and we examine the evidence available
on economic issues.

A key systematic review available at the start of our pro-
ject was the Cochrane Review Interventions for preventing
obesity in children.* It was found that physical activity inter-
ventions and combined diet and physical activity inter-
ventions have a small effect on average, but with notable
variability of effects across studies. It is this variability,
which must have some cause (including the possibility of
differential biases) that made us believe there is valuable
unexplored information in the data.
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The overall aims of the project were to:

1. update the evidence base through systematic
reviews of randomised trials and robust non-
randomised studies of interventions aimed at pre-
venting obesity in children of school age (5-18)

2. synthesise the evidence, using modern, fit-for-
purpose, evidence synthesis methods, informed
by a novel analytic framework developed through
engagement with stakeholders, to determine what
types of public health intervention strategy are most
promising

3. explore the extent to which individual characteris-
tics associated with inequity impact on intervention
effectiveness, using individual participant data from
a large subset of trials

4. collate evidence on the costs of childhood obesity
preventative interventions and estimate the poten-
tial costs of intervention approaches emerging as
effective.
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We addressed these through six specific objectives
(Figure 1), which we use to structure the rest of this
Introduction. A protocol for the full project was posted
on the NIHR website (https:/fundingawards.nihr.
ac.uk/award/NIHR131572; accessed 12 June 2025)
in June 2021 (reproduced in Report Supplementary
Material 1), and updated in April 2023 with details of
the plan for addressing equity through collection and
analysis of subgrouped data (reproduced in Report
Supplementary Material 2). The project was supported
by an international Advisory Board which included
methodologies, experts on obesity and intervention
research and two school attenders. Journal arti-
cles (published, in review or in preparation) arising
from the project are listed in Box 1. Other outputs,
including conference papers and seminars, podcasts,
and contributions to policy documents, are listed
in Publications.
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FIGURE 1 Diagram of research pathway.
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BOX 1 Journal articles arising from the research summarised in this
Synopsis

A. Moore THM, Tomlinson E, Spiga F, Higgins JPT, Gao Y, Caldwell
DM, et al. Interventions to prevent obesity in children aged
5 to 11 years old [protocol]. Cochrane Database Syst Rev
2022;5:CD015328. https://doi.org/10.1002/14651858.
CD015328. (Objective 1)

B. Moore THM, Tomlinson E, Spiga F, Higgins JPT, Gao Y,

Caldwell DM, et al. Interventions to prevent obesity in children
aged 12 to 18 years old [protocol]. Cochrane Database Syst

Rev 2022:CD015330. https://doi.org/10.1002/14651858.
CD015330. (Objective 1)

C. Spiga F, Davies A, Tomlinson E, Moore THM, Dawson S, Breheny
K, et al. Interventions to prevent obesity in children aged 5 to
11 years old. Cochrane Database Syst Rev 2024:CD015328.
https://doi.org/10.1002/14651858.CD015328.pub2.
(Objective 1)

D. Spiga F, Tomlinson E, Davies A, Moore THM, Dawson S, Breheny
K, et al. Interventions to prevent obesity in children aged 12 to
18 years old. Cochrane Database Syst Rev 2024:CD015330. https:/
doi.org/10.1002/14651858.CD015330.pub2. (Objective 1)

E. Spiga F, Picton H, Savovic J, Moore THM, Caldwell DM,
Summerbell CD, Higgins JPT. Population- and community-based
interventions for preventing childhood obesity: an overview of
systematic reviews of non-randomised studies of intervention.
[Submitted] (Objective 1)

F. Spiga F, Davies AL, Palmer JC, Tomlinson E, Coleman
M, Sheldrick E, et al. Investigating differential effects of
interventions to prevent obesity in children and young people:

a novel analytic framework [published online ahead of print 29
October 2025]. Public Health Res 2025. https://doi.org/10.3310/
QLPD8523 (Objective 2)

G. Davies AL, Higgins JPT. A complex meta-regression model to
identify effective features of interventions from multi-arm,
multi-follow-up trials. Stat Med 2024,;43:5217-33. https:/
doi.org/10.1002/sim.10237. Preprint: arXiv 2024 (January 3);
arXiv:2401.01806; https:/doi.org/10.48550/arXiv.2401.01806.
(Objective 3)

H. Davies AL, Ades AE, Higgins JPT. Mapping between aggregate
level BMI data on different measurement scales in a meta-
analysis of childhood obesity prevention interventions. Res Synth
Methods 2024;15:1072-93; https://doi.org/10.1002/jrsm.1758.
Preprint: arXiv 2024 (February 28); arXiv:2402.18298. https:/
doi.org/10.48550/arXiv.2402.18298. (Objective 3)

I.  Davies AL, Spiga F, Caldwell DM, Savovic J, Palmer JC, Tomlinson
E, et al. Factors associated with effectiveness of interventions
to prevent obesity in children: a synthesis of evidence from 204
randomized trials. BMJ Public Health 2025;3:e001707. https:/
doi.org/10.1136/bmjph-2024-001707. Preprint: medRxiv 2024
(June 20): 06.19.24309160; https:/doi.org/10.1101/2024.06.1
9.24309160. (Objective 3)

J. Palmer JC, Davies AL, Spiga F, Heitmann BL, Jago R, Summerbell
CD, Higgins JPT. Do the effects of interventions aimed at
the prevention of childhood obesity reduce inequities? A
re-analysis of randomized trial data from two Cochrane reviews.
eClinicalMedicine 2025;81:103130. https://doi.org/10.1016/j.
eclinm.2025.103130. Preprint: medRxiv 2024 (June 10):
06.10.24308372. https://doi.org/10.1101/2024.06.10.2430837
2. (Objective 4)

K. Breheny K, Spiga F, Summerbell CD, Higgins JPT. An evaluation
of economic evidence included in published randomised
controlled trials of interventions to prevent obesity in
children [published online ahead of print 19 November 2025].
Public Health Res 2025. https://doi.org/10.3310/GJJH1321
(Objective 5)

L. Higgins JPT, Spiga F, Davies AL, Palmer J, Dawson S, Caldwell
DM, et al. Towards optimal public health interventions for
preventing obesity in children: a synopsis of a novel evidence
synthesis. [this paper] (Objective 6)

Objective 1: Update the evidence base

We produced two Cochrane Reviews of randomised trials
of interventions to prevent obesity in children, one in
the age group 5-11 years, approximately corresponding
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to primary school in the UK, and one in the age group
12-18 years, approximately corresponding to secondary
school in the UK.'212 These were updates of an existing
Cochrane Review that covered the full age spectrum from
birth to 18 years, which had fully incorporated trials from
a search undertaken in 2015. Two other new Cochrane
Reviews derived from this earlier review, in age groups
0-2 and 2-5, respectively, were not part of this project.

Protocols for the reviews were published in the Cochrane
Database of Systematic Reviews.'*'> Review methods fol-
lowed the procedures described in the Cochrane Handbook
for Systematic Reviews of Interventions.*® We included only
randomised trials, which could randomise either individu-
als or clusters providing there were at least three clusters
per intervention arm. Eligible participants were children
from the general population in the corresponding age
groups. Trials including participants with overweight or
obesity alongside other children were eligible, though
we excluded trials restricted to people with overweight
or obesity and trials addressing treatment of obesity.
Interventions had to have a stated main aim to change at
least one factor from diet and activity (i.e. physical activity,
sedentary behaviour, sleep, play or structured exercise) to
help prevent obesity in children. Interventions could be
implemented in any setting. We included comparisons
against a control group (e.g. no intervention or wait list) or
an alternative eligible intervention. The search for eligible
trials built on the existing Cochrane Review and included
searches of multiple bibliographic databases up to
February 2023, including MEDLINE, EMBASE, Psycinfo®
(American Psychological Association, Washington, DC,
USA) and Cochrane Central Register of Controlled Trials
on the Cochrane Library. We also searched international
trial registers and grey literature databases, and examined
reference lists of included studies.

We included 172 trials in the age 5-11 review and 74
trials in the 12-18 review. We focussed on meta-analyses
for three main comparisons: interventions focussed on
diet versus control, interventions focussed on activity
versus control and interventions addressing both diet
and activity versus control. There was relatively little
evidence for head-to-head comparisons of interventions.
For the younger age group, we found that a range of
school-based physical activity interventions, alone or in
combination with dietary interventions, may on average
have a modest beneficial effect on obesity in childhood
at short- and medium-term, but not at long-term follow-
up, and that dietary interventions alone may result in
little to no difference. For the older age group, we found
low-certainty evidence that physical activity interventions
may have a small beneficial effect on body mass index
(BMI) at medium- and long-term follow-up, and that diet
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plus physical activity interventions may result in little to
no difference.

We also undertook an overview of systematic reviews
of non-randomised studies of interventions to prevent
obesity in children. We sought reviews of non-randomised,
comparative studies (non-randomised experimental
studies, interrupted time series, controlled before-and-
after studies and other natural experiments) evaluating
the effectiveness of community- or population-level,
obesity prevention interventions and reporting childhood
BMI as an outcome. We included 28 systematic reviews,
which included 136 controlled, non-randomised studies
of interventions aiming to prevent obesity in people
aged 5-18 years and reporting at least one BMI outcome
(i.e. comparable to the randomised trials). Forty-eight
of these evaluated policy interventions, 11 educational
interventions and 77 multicomponent interventions
with both policy and educational aspects. Evidence from
the non-randomised studies is mixed, although multi-
component, multisetting interventions seem most likely
to be effective at preventing childhood obesity. However,
the strength of this evidence was weak, with potential for
associations to be due to confounding and other biases.

Objective 2: Develop a novel analytic

framework

We developed an ‘analytic framework’ to drive our main
synthesis of the results of the randomised trials included

TABLE 1 Coding scheme for the interventions

Public Health Research 2026 Vol. 14 No. 2

in the Cochrane Reviews.! The analytic framework would
yield a strategy for coding the interventions so that
we could learn about intervention features associated
with the greatest effectiveness. We established the
following informal criteria for the coding scheme so
as to maximise our prospect of obtaining informative
results: (1) each item in the coding scheme should be
applicable to every intervention examined in the studies;
(2) each item should ideally be a dichotomous variable
that approximately divides the studies into halves (since
this would maximise precision in the estimation of the
regression coefficients); (3) the coding scheme should
include as many intervention features that potentially
impact on effectiveness as possible; (4) the number of
items should be kept to a minimum. There is clearly a
tension between the last two criteria. To try and meet
(3), we consulted widely with stakeholders. To try and
meet (4), we bore in mind that rules of thumb generally
advocate at least 10 data points per predictor in
regression analyses, suggesting that at most 25 items
should be included.

Our stakeholder consultation involved children and young
people, parents, teachers and public health professionals.
We held workshops with each of these and worked closely
with our Advisory Board. The resulting coding scheme is
summarised in Table 1, with a short explanation of each
item provided in Box 2.

Item Question (possible answers)

1. Setting

Is the intervention delivered in a school (in full or in part)? (Yes/No)

Is the intervention delivered in the home (in full or in part)? (Yes/No)

Is the intervention delivered in the community or other non-school and non-home setting (in
full or in part)? (Yes/No)

Does the intervention include a home activity? (Yes/No)

2. Mode of delivery to the child How is the intervention delivered? (Exclusively or mainly individually/Both individually and as a

group/Exclusively or mainly as a group)

Is the intervention delivered electronically? (Yes exclusively/Yes significantly/Yes as a minor
component/No)
3. Realm targeted Does the intervention aim to change diet? (Yes exclusively or substantially/Yes minimally/No)

Does the intervention aim to change activity levels? (Yes exclusively or substantially/Yes
minimally/No)

4. Multifactorness and dimensionality Does the intervention use multiple strategies (three or more)? (Yes/No)
Is the intervention applied in a single phase? (Yes/No)

Is the intervention applied for a continued period? (Yes/No)

continued
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Item Question (possible answers)

5. Peak intensity and duration
the median)

During how many weeks does the whole intervention last? (Numerical; to be dichotomised at

For how many weeks does the peak engagement period of intervention last? (Numerical; to be

dichotomised at the median)

What is the level of engagement with the children? (High/Low)

6. Integration

7. Flexibility

8. Choice

9. Fun factor

Is the intervention integrated into the normal curriculum/habits? (Yes/Partially/No)

Is the intervention designed to be implemented in a flexible manner/tailored to specific
participants? (Yes/No)

Is choice of activity/diet designed into the intervention? (Yes/No)

How enticing would you find this strategy? (Boring/Neutral/Fun)

How enticing do you think children in the intended age group would find this strategy?

(Boring/Neutral/Fun)
10. Resonance

11. Mechanism of action and recipient

Is the intervention experienced by children via someone external or unusual? (Yes/No)

Does the intervention have an explicit component of modifying the child’s behaviour? (Yes/No)

Does the intervention have an explicit component of education/information provision for the

child? (Yes/No)

Does the intervention have an explicit component aiming to change the social environment of

the child? (Yes/No)

Does the intervention have an explicit component aiming to change the physical environment

of the child? (Yes/No)

12. Commercial interests

Are commercial interests involved in the trial and/or intervention? (Yes/No)

Reproduced from Spiga et al.* This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution
(CC BY NC 4.0) licence, which permits others to distribute, remix, adapt and build upon this work, for non commercial use, provided the
original work is properly cited. See: https://creativecommons.org/licenses/by-nc/4.0/. The table above includes minor additions and

formatting changes.

BOX 2 Elaboration on items included in the coding scheme for the
interventions

Setting

This is a measure of the setting where the intervention is delivered.
Possible answers were ‘school’, ‘home’ or ‘community or other
non-school/home’ (e.g. club, gym, shop, library, healthcare centres).
Within setting we also coded each intervention according to
whether the intervention protocol included home-based activities
for the children (e.g. cooking or games activities with parents,
additional homework).

Mode of delivery to the child

This is a measure of how the child experiences the intervention,
that is, as an individualised intervention (e.g. a leaflet about healthy
meals given to each student at school; a visit to an healthcare
centre, homework with parents, a website to view at home), through
a group of children (e.g. school classes or scout troop meeting), or
both (e.g. school classes and homework activities). Within mode

of delivery we also coded the intervention according to whether it
was delivered electronically (i.e. via digital media, online website or
app) and in what capacity (i.e. exclusively, significantly, as a minor
component or not at all).
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Realm targeted

This is a measure of whether the intervention seeks to change ‘diet’
(e.g. introduction or replacement of food beverages with healthier
options; re-organisation of food display in the school canteen or

in shops; education on healthy diet; cooking classes; healthy meal
box for the family), ‘activity’, including increase in physical activity
(e.g. modified or additional physical activity classes at school) and/
or reduce sedentary time at home (e.g. active video games), or

‘both diet and activity’, and in what capacity (i.e. exclusively or
substantially to indicate the main component, minimally to indicate a
minor component, or not at all).

Multifactorness/dimensionality

This is a measure of how complex the intervention is, including
how many ways the children are targeted, for example at multiple
levels or in multiple phases. Questions within this category include
whether the intervention has multiple components, that is, uses at
least three different strategies (e.g. classroom activities, changes in
the canteen food and homework activities), is delivered in multiple
phases, that is, uses different strategies or settings at different times
(e.g. a more active phase followed by a less active ‘maintenance’
phase or a ‘top-up’ phase), and is delivered in a continuous manner,
that is without breaks between the beginning and the end of the
intervention (during the whole school-year) or for a discontinuous
period (e.g. lectures delivered for 12 weeks/year for 2 years).



https://creativecommons.org/licenses/by-nc/4.0/

DOI: 10.3310/AKHD0407

Public Health Research 2026 Vol. 14 No. 2

Peak intensity and duration

This is a measure of how intensely the intervention is
experienced by the child and it covers the duration and frequency
of the intervention. Questions within this category include the
duration in weeks of the whole intervention and of the peak
engagement (if different from the whole intervention). It also
measures the level of engagement with the children during the
peak period, using the number of sessions of engagement per
week as guidance so that the intervention are coded as ‘high’
engagement if there is one or more sessions of engagement
with the children per week and ‘low’ if less than one session of
engagement with the children per week.

Integration

This is a measure of the extent to which the intervention is
‘normalised’ within the school curriculum or normal habits of

the child (e.g. as part of regular homework and/or provider). This
measure provides an indication of how much ‘extra effort’ (by the
provider and/or the recipient) would be required for the intervention
to be successful. Examples of interventions that are completely
integrated include modification of physical activity classes or the
addition or replacement of regular school meals with healthier
options. Examples of interventions that are partially integrated are
those with a combination of integrated activities and something
extra (e.g. after school program or homework). Examples of
interventions that are not integrated at all are those in which the
school needs to add something to an existing programme (e.g.

an extra physical activity class extending school hours or home
activities with the parents) or when the child needs to sign up for/
agree to after-school classes.

Flexibility

This is a measure of the extent to which the intervention can be
implemented flexibly, within the intervention protocol. That is,
whether an intervention is adapted to the particular classroom/
household at teachers/parents’ discretion (e.g. an intervention
consisting of the replacement of regular meals with healthy meals
where the healthy meals are decided by each participating school
kitchen staff).

Choice

This is a measure of the extent to which children are free to make
the intervention work for them (e.g. an intervention in which the
child is able to choose which sport they do, or which food to eat).

Fun factor

This is a measure of the extent to which the intervention is expected
to be enjoyable for the age group to whom it is delivered. We
anticipated that some interventions that involve games, songs, plays
may look fun to everyone, whereas interventions that includes sport
activities or cooking with the parents may not look fun to everyone
and interventions that included classroom lectures or replacement
of sugar sweetened drinks with water may not look fun to anyone.
We also considered that some interventions may be appropriate

for children aged 5-11 years but not for older children (e.g. a song
about healthy eating), and vice versa, a video game intervention
designed for older children (12-18 years old) may not be fun for a
5-year-old child. We designed the questions and answers for this
category to be suitable and appropriate for CYP as they were invited
to help us with coding the interventions for this item (see methods
section on fun factor).

Resonance

This is a measure of the extent to which the intervention is likely

to attract the respect of the young people, particularly through the
credibility of the person delivering the intervention. For example, an
intervention may be experienced by children via someone external
or unusual (e.g. a sport coach, a professional athlete, an influencer, a
dietician or a nurse) or someone familiar to them (form teacher or a
parent/carer).

Mechanism of action and recipient

This is a measure of who is the direct recipient of the intervention
[e.g. child, the teacher(s), parent(s), the child’s environment or
others] and how the intervention aims to achieve a change in the
child’s dietary and/or activity behaviour. Options for the latter

are ‘behaviour’, ‘education’, ‘social environment’ and ‘physical
environment’. An intervention that has an explicit component of
modifying the child’s behaviour is an intervention in which the child
learns by doing something (e.g. a session of physical activity or a
workshop on healthy nutrition in which the children are involved

in cooking a meal). An example of an intervention that has an
explicit component of education or information is the provision of
literature or lessons in which there is no activity involving the child
doing something. An example of an intervention that has an explicit
component aiming to change the social environment of the child at
school or home is an intervention in which teachers are instructed
to encourage children to change their dietary or activity behaviours
or parents are educated on healthy food. Examples of interventions
that have an explicit component aiming to change the physical
environment of the child at school or home are interventions that
include placement of healthy foods in the school canteen, provision
of exercise equipment at school or in the community, drawing
running tracks in the playground or changing the school meal menu.
For interventions using multiple mechanisms, we answered Yes to all
relevant options.

Commercial interests

This is a measure of whether commercial interests are involved

in the trial or in the delivery of the intervention, such as an
intervention within a study that was funded by industry (e.g. food
or pharmaceutical industry) or an intervention that include use
of equipment supplied by a manufacturer of sport equipment, or
provision of food/drinks by a food supplier.

This synopsis should be referenced as follows:

For all but one of the coding items above, two assessors
from the research team independently coded each of the
250 interventions in the data set. For the item ‘Fun factor,
we recruited 35 children and young people aged 6-18,
from whom four independently coded each intervention.

We also coded some features of the studies (age group,
income-level of the country, whether children from low
socioeconomic backgrounds were specifically targeted),
the length of follow-up and the risk-of-bias assessment.
Table 2 provides the results of this coding in the simplified
form that fed directly into the analyses we will be
presenting. The simplification of items from Table 1 to
Table 2 was based largely on statistical considerations
such as the amount of information available in the coded
data and the presence of high correlations between some
pairs of items.
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TABLE 2 Results of the coding of intervention features, study-level features and time-point-level features

Public Health Research 2026 Vol. 14 No. 2

Item Description Coding n (%)
Intervention-level items (n = 250 interventions)
School Was the intervention delivered in a school (in full or in part)? Yes (vs. no) 71
Home Was the intervention delivered in the home (in full or in part) OR did it include Yes (vs. no) 42
any home activity for the child?
Community Was the intervention delivered in the community or other setting (in full or in Yes (vs. no) 28
part)?
Individual Was the intervention delivered to the child individually (either exclusively OR Yes (vs. no) 48
both individually and as part of a group)?
Electronic Did the intervention involve any electronic component (exclusively/significantly/  Yes (vs. no) 21
as a minor component)?
Diet and activity Did the intervention aim to change both diet and activity? Yes (vs. no) 55
Activity Did the intervention aim to change activity alone? Yes (vs. no) 27
Multi-strategy Did the intervention use multiple strategies (three or more)? Yes (vs. no) 64
Duration Was the intervention longer than 30.3 weeks? (30.3 weeks was the median Yes (vs. no) 50
length of follow-up)
Intensity Was the level of engagement with the children high during the peak engagement  Yes (vs. no) 61
period? (high = more than around 1 engagement per week)
Integration Was the intervention integrated into the normal curriculum/habits? Yes (vs. no) 47
Flexibility/choice Was the intervention designed to be implemented in a flexible manner OR to Yes (vs. no) 46
include choice for the child?
Fun factor Was the intervention considered fun? Yes (vs. no) 61
Resonance Was the intervention experienced by children via someone external or unusual? Yes (vs. no) 52
Behaviour Did the intervention have an explicit component of modifying the child’s Yes (vs. no) 67
behaviour?
Education Did the intervention have an explicit component of education/information Yes (vs. no) 74
provision for the child?
Social Did the intervention have an explicit component aiming to change the social Yes (vs. no) 70
environment of the child?
Environment Did the intervention have an explicit component aiming to change the physical Yes (vs. no) 32
environment of the child?
Study-level items (n = 204 studies)
Age Did the trial target secondary school age children (12-18) rather than primary Yes (vs. no) 27
school age children (5-11)?
Income country Wias the income status of country in which the trial was conducted High, Yes (vs. no) 86
according to World Bank criteria (rather than Low or Middle)?
SES Was the socioeconomic status of the participants mixed, rather than targeting Yes (vs. no) 77
groups with low socioeconomic status (based on categorisations described by the
trial authors)?
Time-dependent items (n = 261 observed time points)
Medium Was the follow-up time medium-term (9 months to < 15 months)? Yes (vs. no) 39
Long Was the follow-up time long-term (> 15 months)? Yes (vs. no) 34
Risk of bias Was the intervention at high risk of bias? Yes (vs. no) 24
8
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Objective 3: Synthesise the evidence

We analysed the results of the trials using a Bayesian
multilevel metaregression analysis to examine which
features were associated with the greatest effectiveness.
The statistical analysis required development of novel
methodology?”'® and the analysis plan was written in
advance of the analysis and posted on the University
of Bristol's research repository (reproduced in Report
Supplementary Material 3). In summary:

1. Our outcome variable was standardised BMI (de-
picted zBMI). This is an age- and sex-standardised
version of the usual BMI measure, regarded as more
suitable for children.?”

2.  We measured the effectiveness of an intervention by
the difference in mean change from baseline of zBMI
between the intervention group and the control
group.

3. Because many trials reported BMI (or other mea-
sures) rather than zBMI, we developed a method to
map from results on these scales to results on the
zBMlI scale.”

4.  We included the ‘main effects’ of all of the items in
the Table 2 in the model. Some coded aspects of the
interventions were not included due to data limita-
tions.

5.  We were concerned that different items may work
in tandem, such that there could be synergistic or
antagonistic effects. In other words, the impact of
one item may depend on whether another item is
present. Statisticians call this ‘interaction’. In our
data set there was a very large number of potential
interactions (over 16 million) and it would have
been infeasible to explore them all. We therefore
explored two types of interactions: the possibility
that items have different effects in (1) different age
groups and (2) depending on whether the interven-
tion targets diet, activity or diet and activity. This
still produces a very large number of possibilities,
and we used a sophisticated methodology to select
the ones that the data determined to be most im-
portant.

Our findings were published as a preprint and subsequently
in BMJ Public Health.?°?* The analysis included 204 trials
(255 intervention arms). In line with the Cochrane Reviews,
we found that on average the interventions were effective
[mean difference (MD) in zBMI -0.037, 95% credible
interval -0.053 to -0.022]. Assuming a population in
which zBMI follows a standard normal distribution, and
using results presented in appendix 4 of the Cochrane
Review,? this corresponds to a reduction in the prevalence
of overweight from 16% to 15% or of overweight from

This synopsis should be referenced as follows:
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2.3% to 2.1% (with cut-offs of zBMI = 1 for obesity and
zBMI =2 for obesity as per the WHO).??2 The largest
effects were associated with medium term follow-up (9
to <15 months) and older children (12-18 years). We
also found evidence of small but beneficial effects for
interventions that targeted physical activity alone rather
than diet alone (difference in MDs -0.227, -0.362 to
-0.090; corresponding to reductions in proportions from
15% to 10~% for overweight or from 2.1% to 1.2% for
obesity) and small unfavourable impacts of interventions
involving a change to the structural environment, the
majority of which were in the school food environment
(difference in MDs 0.05, 0.017 to 0.085). Accounting for
interactions between covariates, we found that the most
effective combination of intervention characteristics was
to intervene in the school setting, with an individualised
element to delivery, targeting physical activity, using
multiple strategies of short duration and high intensity, and
involving modification of behaviour through participation
in activities.

Objective 4: Investigate inequity

The fourth objective was to explore the extent to which
individual characteristics associated with inequity impact
on intervention effectiveness. We initially planned to
collect individual participant data to do this. However,
establishing data sharing agreements with a large number
of trials around the world proved logistically challenging.
Furthermore, contemporaneous work on prospective
meta-analyses of treatments of COVID-19 suggested a
more efficient way forward, by requesting aggregated
data by subgroup from the trialists rather than individual
participant data.?®

We attempted to contact authors of all trials that compared
an intervention with a control group (236 of the 244 trials).
We sought results (for zBMI or BMI) broken down by any
of the following baseline characteristics [known as the
PROGRESS (place of residence, race/ethnicity/culture/
language, occupation, gender/sex, religion, education,
socioeconomic status, social capital) characteristics?*]:

e Place of residence (e.g. urban vs. rural).

e Race/ethnicity/culture/language (categorised as the
dominant ethnic group vs. the minority ethnic group in
the location of the trial).

e Occupation (of parents, e.g. professional or managerial
occupation vs. other occupation).

e Gender/sex (male vs. female).

e Religion (e.g. categorised as the dominant religion vs.
the minority religion in the location of the trial).

e Education (e.g. categorised as higher education vs. no
higher education).
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e Socioeconomic status (categorised as higher vs.
a lower socioeconomic status, as defined by the
trial authors).

e Social capital (e.g. categorised as two parents living in
the same residence as the child vs. not).

We received a response from the authors of 138 studies
(58% response rate) and obtained relevant subgrouped
data from 64 studies (27%). In addition, we were able to
extract subgrouped data from 20 publications, including
three studies for which authors provided additional data.
We ended up with useable data from 81 studies (34% of
the total).

Our statistical analysis focussed on the difference in
intervention effectiveness between children with different
characteristics. For example, in our investigation of gender/
sex, we estimated the effect of intervention in the boys of a
specific trial, then estimated the effect of the intervention
in the girls of the same trial, then computed the difference
between them. These interaction constructs describe how
much more (or less) effective the intervention is in boys
compared with girls. After estimating these interactions
for each trial separately, we performed a meta-analysis
of these differences across all of the trials providing data
by gender/sex. This gave us our best estimate of whether
interventions, in general, are more effective in boys or girls.

Our findings were published as a preprint and subse-
quently in eClinicalMedicine.?>?¢ The analysis found no
substantial differences in effectiveness for different
subgroups across almost all of the PROGRESS factors.
However, in the younger age group (5-11 years), the effect
of interventions on zBMI appeared to be greater in boys.

Objective 5: Collate evidence on costs

We examined the studies included in the two Cochrane
reviews for any cost data.?” Eighty-five of the trials
reported costs related to the intervention or the trial,
or had a full economic evaluation associated with it. For
only five trials was a full economic evaluation reported
within the trial paper. Most of the costs reported were
incentives for participation (41 trials). Thirty studies
included intervention costs, although the reporting of
these data was inconsistent. It was unclear who was
paying these intervention costs in most cases, making the
attribution of costs to sectors difficult. Only one study
reported healthcare resource use data, although some
estimated the cost of obesity related chronic conditions in
linked decision models. In general, the availability of cost
or economic data was too scarce for us to address this
objective well.
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Objective 6: Consult stakeholders about

the findings

Our final objective was to bring together a panel of public
health professionals to provide recommendations on
practice and future research from the project. We held
a 3-hour stakeholder meeting in February 2024 with 10
invited public health professionals, a young person, a
teacher, five project staff and the chair of our Advisory
Board, Prof Jeremy Grimshaw (University of Ottawa), who
chaired the meeting. Public health professionals worked in
local councils (of Bristol City, South Gloucestershire, Essex
County and Swindon Borough), the Health Security Agency
and the Office for Health Improvement and Disparities at
the Department of Health and Social Care. In advance of
the meeting, we held two workshops, one with children
and young people, and one with teachers, to present our
results and elicit their views and interpretations. The young
person and the teacher who attended the stakeholder
meeting were also present at these workshops and
presented the workshop outputs to the main meeting.

The project team presented the main results of the project
to the stakeholder meeting, focussing on the findings from
Objectives 3and 4. Participants noted that, even thoughwe
did not find strong evidence of very effective intervention
features, our findings do not imply that interventions are
ineffective. They pointed out that the findings could easily
be misinterpreted in this way and that the framing and
messaging of our findings, particularly within a policy and
local authority context is very important so that initiatives
to improve diet and encourage physical activity are not
undermined. They highlighted that messaging from this
research should underline the importance of both diet and
physical activity for children’s overall health and well-being,
and particularly their mental health. There was general
agreement that the potential role of physical activity in the
prevention of childhood obesity is overshadowed by the
role of diet in current policy and practice.

From a policy perspective, stakeholders noted that the
UK currently considers parental/family involvement in
interventions and the use of a whole system approach
as being important factors of successful initiatives and
interventions. They urged the project team to consider
these factors, alongside high-level structural changes that
are currently recommended (such as school food standards,
school fruit and vegetable schemes, and local planning
restrictions of certain types of food outlets) in their
interpretation and recommendations. They appreciated
that these types of interventions were not included in
this research because they have seldom been evaluated in
randomised trials. However, they were concerned about
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how the messages from the research would be interpreted
and implemented in the context of the current whole
system approach landscape and noted that this landscape
is changing. It was suggested that the recommendations
from this research should be framed within this context
and provide practical suggestions for policy and practice,
particularly for local, place-based stakeholders, around
types of interventions they might include to further
improve existing policy and local initiatives.

A further topic emerging from workshop discussions was
how best to present the findings of this research (and to
present dietary recommendations for the prevention of
childhood obesity in general) within the context of food
insecurity and the fact that children living in underserved
areas of the UK are more likely to be living with both
obesity and food insecurity. It was agreed that this was a
particularly challenging message.

Discussion/interpretation

We found that, on average, behaviour change inter-
ventions aiming to prevent obesity in children aged
5-18 years result in slightly lower BMI or zBMI. Because
the vast majority of children included were normal weight
or overweight, this should translate to a reduction in the
proportion of children developing obesity. Although the
beneficial effects of the interventions are small, they
may have a considerable impact on public health at the
population level where this is feasible. There is, however,
considerable variation in effectiveness across interven-
tions. Our main synthesis found that the most effective
characteristic to include in an intervention to prevent
obesity was targeting of physical activity. We stress again
that this does not mean that attempts to modify diet
should be abandoned. Physically activity and consumption
of a healthy diet during childhood offer many important
benefits in addition to contributing to healthy weight and
growth. It is reasonable for interventions to prevent obe-
sity in children to consider placing additional focus on the
promotion of physical activity and to consider effective
intervention characteristics as identified here. We also
saw that interventions were on average more effective in
the older age group.

Our investigation of whether intervention effects differed
by baseline characteristics associated with inequity found
little evidence that they did. This is heartening, since it
suggests that the types of interventions that have been
studied in randomised trials do not increase inequities.
However, it also suggests that they might not reduce
inequities. Nonetheless, confidence intervals around the

This synopsis should be referenced as follows:
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estimated differences in effectiveness between subgroups
are reasonably wide, particularly for the older age group
(12-18 years), so there remains uncertainty around this.
We did observe a suggestion that interventions may have
larger effects in younger boys (5-11 years) than in younger
girls, a difference that was not observed for older children
(12-18 years). In the UK as in many other countries,
physical education is often taught at primary school in
mixed gender groups, while for older children there is
more variation. It may be that interventions for younger
children yield greater benefits if efforts were made to
make them equally engaging and enjoyable for boys and
girls. However, in older children, where increased BMI may
correspond with decreased percentage body fat in males
but not females, a greater effect of interventions in males
compared with females could be masked by examining
BMI only. It would be interesting to examine these issues
with alternative measures such as percentage body fat.

Strengths of our research include the large amount of
data, the robust and sophisticated methods and the close
involvement of children, young people and other stake-
holders. We accumulated evidence from 244 randomised
trials and undertook multiple meta-analyses on subsets
of these trials to answer questions about the effects of
general strategies for trying to prevent obesity in chil-
dren. Two hundred and four of the trials contributed to
analyses to examine specific intervention features to try
and explain heterogeneity in results, and 81 of the trials
contributed new information, mostly unpublished, allow-
ing us to investigate how intervention effectiveness varies
by baseline characteristics associated with inequity. These
are larger numbers than any previous attempts to address
similar aims in this field. Our methods followed the highest
standards used by the Cochrane Collaboration and led to
the development of novel statistical methods allowing us
to make the most of the data. Our involvement of children
and young people from the start, including their participa-
tion in the coding of intervention features and full inclu-
sion in our Advisory Board, sought to ensure our methods
and interpretations aligned with the people most directly
impacted by the interventions under study.

Our research is not without limitations. In most of the
work, we were reliant on the nature of the interventions
that had been studied in randomised trials. These were
mainly school based, of finite duration, targeted at indi-
viduals or groups of individuals (rather than systems),
with short follow-up and were published between 1990
and 2023. Some of the earlier interventions would likely
be implemented in different ways now, particularly by
using digital approaches based on smart phones and
even artificial intelligence. Only a small proportion of the
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interventions studied had a substantial digital element
(8% of the trials in ages 5-11 and 22% of the trials in ages
12-18). We nonetheless examined interventions that had
been examined in non-randomised studies by overviewing
24 systematic reviews of non-randomised studies. The
evidence here was less robust but suggested that inter-
ventions with multiple components working at multiple
levels in multiple settings may be most effective. This aligns
with our finding from randomised trials that interventions
delivered through multiple strategies were more effective
than those that were not. We approached the trial authors
only for the investigation around inequity and did not
ask for information to fill in the many other aspects that
had not been reported in sufficient detail. Our coding of
intervention features relied on the information reported in
papers, which was often brief and incomplete. In the ineq-
uity investigation, many trialists were unable to provide
data or did not respond, so the trials included comprised
only a minority of those potentially available. Furthermore,
in order to maximise response rates and make the analysis
straightforward, we asked for a simple dichotomisation of
inequity factors at baseline, which necessitates considera-
ble simplification of complex phenomena. Information on
costs or cost-effectiveness was very limited despite the
fundamental importance of these considerations when
planning or rolling out interventions. We were surprised
at the large proportion of trials providing incentives for
participating in the trial, many of these trials were under-
taken in the USA. Such incentives would generally not be
available outside of a trial context, although it is unclear
how much they may have affected results.

Patient and public involvement

Our involvement of members of the public began while
preparing the initial proposal (see Table 3 for a summary
of public involvement). We held a workshop of children
and young people identified through an e-mail call to
members of our local Young Peoples Advisory Group
(YPAG) to help us develop the initial plan while preparing
the funding application.

At the start of the project, we recruited two young people
(aged 16 at the start) to join our project Advisory Group,
who were also identified through an e-mail call to the
YPAG. They participated fully in Advisory Group meetings,
where their input was regularly and actively sought by the
chair and welcomed by all present (see also Table 3).

A key part of the project was the development of a new
analytic framework to inform the re-analysis of trial
data. We developed this through a series of workshops
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including two with children and young people and two with
schoolteachers. We held two further workshops (one with
children and young people and one with schoolteachers)
towards the end of the project to help us interpret the
results. One representative from each of these workshops
joined us at the closing stakeholder meeting at which we
sought to derive some recommendations for practice and
for research.

We invited members of the YPAG to join the research
team by coding all the interventions according to the ‘Fun
factor’, the extent to which they thought the interventions
would be fun or boring by children of the age targeted by
the interventions, based on short descriptions extracted
from the trial reports. Thirty-five children and young
people (aged 6-18) volunteered and participated in
the coding.

The work on the involvement of children and young
people in the development and application of analytic
framework was presented at the Cochrane Colloquium
2023 within the ‘Patient or healthcare consumer involve-
ment’ symposium.

Equality, diversity and inclusion

Considerations of inequity were central to the project. In
Objective 4 we directly addressed the problem that some
sectors of society, including some with lower socioeco-
nomic status and with minority ethnic backgrounds, have
higher rates of obesity. The interventions of interest in
our work were largely addressed to general populations.
It is important that efforts to prevent the development of
obesity in children at the population level do not widen
inequities within the population by having greater effects
in the sectors with the lowest risk of developing obesity.
Our investigations, based on data from 81 trials, did not
find evidence that inequities would be exaggerated after
implementation of the sorts of interventions included
in the trials. However, neither did we find evidence that
inequities are likely to be reduced, which would be a
preferable outcome.

Our work on this project led members of the project
team being invited to participate in equality, diversity and
inclusion (EDI)-related activities. Dr Spiga was invited to
address a workshop on inequity at the London Cochrane
Colloguium in London in September 2023, and also to join
a collaboration with the WHO Health Equity group on
developing a tool for assessing equity in guidelines. She is
now the Bristol representative on a best practice working
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TABLE 3 Summary of public involvement

Date People involved Issues discussed

16 March Four children and We presented the plans for the project

2020 young people aged  and invited comments and suggestions
11-13 for what sorts of intervention features we

should look at.

2 September  Two school Introduction to the project; preliminary
2021 attenders partici- thoughts on grouping ages and what
pated in Advisory outcome(s) to focus on; planning of
Group meeting 1/3  workshops with children, young people,
parents and teachers

11 January Five children and We asked (1) What sorts of approaches
2022 young people aged  do you think might work?; (2) From
13-18 the ideas generated, what sorts of

approaches might work best?; (3) Are
there approaches that might work for all
age groups? particularly well for those
most likely to gain weight?; and (4) Are
there combinations of approaches that
might be particularly good or particularly

bad?
12 January Four children and As above
2022 young people aged
12-16, each with a
parent
8 February Two school Project update; emerging analytic
2022 attenders partici- framework after recent PPI sessions;

pated in Advisory plans for future PPI

Group meeting 2/3

12 January Four teaching We asked (1) What sorts of approaches
2023 staff from primary do you think might work?; (2) From
schools the ideas generated, what sorts of

approaches might work best?; (3) Are
there approaches that might work for all
age groups? Particularly well for those
most likely to gain weight?; and (4) Are
there combinations of approaches that
might be particularly good or particularly

bad?
23 January Four teaching As above
2023 staff from primary
schools
15 June Two school Project update; which interactions to
2023 attenders partici- look at in the main synthesis; planning of

pated in Advisory stakeholder discussion meeting

Group meeting 3/3

10 January Six children and Presentation and discussion of main

2024 young people project findings

Public Health Research 2026 Vol. 14 No. 2

Impact on the project

Helped shape the proposal and provided early items for
the list of important features to feed into the analytic
framework (including the ‘fun factor’ of an intervention,
role of family).

An important distinction between primary school and
secondary school age was agreed, and to address BMI
and zBMI as joint main outcomes

The group reiterated the need to make interventions
fun for the children and to consider the home envi-
ronment (and parents, e.g. getting children involved in
making meals). They also pointed out the importance of
the person delivering the intervention having credibility
with the children (which led to our ‘Resonance’ feature
in Table 1). Accessibility of healthy food at school was
also an issue, as was the ability to choose activities

(e.g. which sports at school, leading to ‘Choice’ and
‘Flexibility’ features)

Many similar themes came out of this discussion as
from the first. It was stressed that interventions may
work quite differently in younger children (primary
school age) compared with older children (secondary
school), reinforcing the plan to separate analyses into
these age groups

Some items in the emerging framework were proposed
to be dropped as they are unlikely to be informative or
information is unlikely to be reported. Plans were made
for consultation with teachers

Resource and time constraints are important: embed-
ding the programme within the curriculum may be
more efficient than changing the existing curriculum.
Suggestions for interactions: (1) the importance of
setting for different types of interventions, for example
physical activity interventions are readily delivered at
school, but it is more difficult to control children’s diets
if they bring lunch boxes from home; (2) educational
interventions may be more effective in younger
children, because older children are more independent

Highlighted the importance of involving the parents
to ensure continuity of school-based interventions,
and of empowering the children (e.g. involving them in
preparing meals)

The Advisory Group recommended asking for a no-cost
extension to give us enough time to consider the
results carefully

Expressed surprise at the lack of clear effects of many
features expected to be important. In group activities,
children may encourage each other to exercise more
than they would if not in a group (e.g. in a football
game). Insights offered into differences between boys
and girls. In primary schools, boys have traditionally
tended to do more sport than girls (e.g. at breaks and
lunch times). In secondary school, girls perhaps have
become more self-conscious about their looks and may
be more likely to try and stay at a healthy weight

continued
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TABLE 3 Summary of public involvement (continued)

Date People involved Issues discussed

31 January Four teaching staff
2024 from primary and
secondary schools

project findings

13 February One young person

2024 and one teacher
join stakeholder
discussion meeting

project findings

1 March 2024 Two school
attenders from our
Advisory Group

Presentation and discussion of main

Presentation and discussion of main

Paper submitted to NIHR Journals Library
(Public Health Research) about the analytic
framework, with two school attenders

Public Health Research 2026 Vol. 14 No. 2

Impact on the project

Children have more control over their activity levels
than their diets. Insights into differences between boys’
and girls’ enjoyment of physical activity. Secondary
school girls tend to have lower baseline activity

levels than boys which may increase the impact of an
intervention. They also start to become conscious of
body image which might motivate them to engage with
an intervention

The young person and teacher had agenda slots to
present the thoughts of the immediately preceding
workshops

Publication

among the authors (and many others
acknowledged for their contributions)

group across the nine NIHR Evidence Synthesis Groups in
the UK.

We paid attention to EDI considerations in the running of
the project too. We sought a diverse group of children and
young people for our patient and public involvement (PPI)
workshops and coding exercise, and managed to include
a good mixture of genders and ethnic backgrounds. Our
Advisory Board comprised three males and four females.

Impact and learning

Engagement with stakeholders

We identified the need to engage with stakeholders
early, including children and young people, school
staff and public health professionals (including local
authorities and national institutions). An important part
of the project was the series of discussion workshops
and one-to-one discussions we held with stakeholders
to develop our analytic framework. This not only pro-
duced a relevant framework for re-analysing the trial
data, but it led to opportunities to present our work at
meetings and conference to help disseminate the results
(see Publications).

Impact on statistical methodology

The complexity of the data set led to development of new
statistical methods. The data included a mixture of active
and inactive interventions, multiarm trials and multiple
follow-up times. To analyse these data using our novel
analytic framework we needed to develop a bespoke
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synthesis model, which we reported in a methodological
paper.’® Our synthesis was based on component-based
network meta-analysis, which represents complex inter-
ventions as a sum of separate intervention components
(allowing for interactions between them) and uses a meta-
regression framework to examine the impact of each of
these components. Our model had to distinguish between
(1) studies of an active intervention versus control, where
the components apply only to the active interventions
and (2) head-to-head comparisons of active interventions,
where only differences between the components of these
active interventions can be estimated. A meta regression
model was then used with covariates on three levels:
intervention, study and follow-up time. It incorporates a
correlation structure to account for trials with multiple
intervention arms and multiple follow-up times.

The data also included a mixture of different measurement
scales. Some trials reported raw BMI scores while others
reported BMI standardised by age and sex, either as a
Z-score or a percentile. To maximise the precision of our
estimates we sought to include all of the trials in one
analysis. This required novel methods of mapping between
results on the different scales.”

Collaborations

We developed two collaborations during the course of
the project. Prof Berit Lilienthal Heitmann (University
of Copenhagen, Denmark) was known to co-applicant
Prof Summerbell but not to the chief investigator or
his colleagues in Bristol. We discovered that she was
interested in doing a project similar to our inequity
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investigation but with a focus on baseline weight status
rather than the PROGRESS inequity factors. We there-
fore joined forces and wrote a protocol jointly to address
weight status as well as PROGRESS factors (see annex
to Report Supplementary Material 2), and proceeded as a
collaborative venture.

Second, the inequity investigation involved a large col-
laboration with authors of the included trials. We wrote
the paper from Objective 5 with the ‘Inequity in Obesity
Prevention Trialists Collaborative Group’, which comprised
66 trialists and 14 other collaborators.

Lessons learnt for future research

One of the major lessons we learnt from this research arose
from the inequity investigation in Objective 5. We origi-
nally intended to request individual participant data from
as many trials as possible. In retrospect, this was probably
a poor plan, since the resources required to administer the
data transfer agreements and to clean, check and analyse
the data set could have been substantially higher than
those available. Fortunately, the COVID-19 pandemic
gave us experience of an alternative approach: to ask the
trialists for summary data by subgroup. This facilitated
the same analyses with a small fraction of the resources.
We consider ourselves to have been very successful in
this approach, having collected unpublished data from 64
studies in this way.

We believe that our approach to contacting the trialists
helped us obtain a higher-than-expected response rate.
Coinvestigator Prof Summerbell is well known in the
field (much more so than our Bristol-based research-
ers). Through her honorary visiting academic status at
University of Bristol, we were able to send e-mails from
Prof Summerbell’s e-mail address and have the replies
received by the research team. Furthermore, each e-mail
was personalised with information about what we had
extracted from the recipient’s trial and a link to a spread-
sheet into which they could easily enter means, standard
deviations and sample sizes per subgroup. The process
of generating and sending the e-mails was implemented
through Microsoft Automate. This allowed a general
e-mail template to be adapted by looking up information
to populate various fields.

Further dissemination

We presented our findings at numerous meetings
and conferences (listed under Publications). A podcast
about the findings of the two Cochrane Reviews, and
their importance, was released alongside the Cochrane
Reviews and is publicly available at www.cochrane.org/
podcasts/10.1002/14651858.CD015328.pub2.
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Implications for decision-makers

The National Institute for Health and Care Excellence
(NICE) identified our Cochrane Reviews as providing
important evidence to inform major new guidance to
replace eight existing guidance documents: Overweight
and obesity management: preventing, assessing and man-
aging overweight and obesity [GID-NG10182; www.
nice.org.uk/guidance/indevelopment/gid-ng10182]. This
guidance was released in November 2024. We liaised
closely with NICE during preparation of the Cochrane
Reviews and shared regular updates, including full data
sets of the information we had extracted from the trials.
We produced summary tables, meta-analyses and Grading
of Recommendations Assessment, Development, and
Evaluation assessments for the NICE Committee and pre-
sented these to the Committee in October 2022 (results,
ages 12-18), 28 November 2022 (preliminary results, ages
5-11) and 12 June 2023 (final results, ages 5-11).

Our work contributes all the evidence to one evidence
review underlying the draft NICE guideline: [H] Evidence
reviews for the effectiveness of healthy living programmes
in preventing overweight and obesity in children and young
people (available from  www.nice.org.uk/guidance/
gid-ng10182/documents/html-content-2).

Our work is also being considered as part of the World
Health Organization’s development of their guidance on
integrated management of obesity in children which is
expected to be launched in the first half of 2025.

Research recommendations

1. Examine the effects of components of whole-
systems approaches

Because our Cochrane Review identified very few ‘whole-
systems’ approaches to tackle prevention of childhood
obesity, we identify a need for randomised trials and
other studies of such approaches. We recognise that
whole-systems approaches are challenging to investigate
in randomised trials, particularly if they address systems
at a high level. Research into the effects of multilevel,
community, or other interventions that better address
systemic and structural factors related to obesity, at
present is concentrated on non-randomised studies, which
are subject to greater biases than randomised trials. We
suggest that more interventions focus on environmental
and political factors that drive obesity, and on the wider
determinants of health that drive inequalities in diet,
physical activity and obesity.
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2. In planning of future intervention trials, consider
the combinations of components identified as being
associated with the greatest effectiveness

Because our re-analysis of randomised trial results derived
the combination of intervention features associated with
the most beneficial effect, we suggest that those develop-
ing interventions aiming to prevent obesity in children and
young people consider the list of features included in this.
They were, for older children: set in a school, with an ele-
ment that is delivered individually, targeting physical activity
more than diet, containing multiple strategies, having high
intensity, being of short duration, delivered by someone
resonant with the children, and aiming to modify behaviour
through participation. For the younger age group, reso-
nance may not be so important, and instead interventions
that are integrated into the curriculum or daily habits may
be more effective. Indeed, in our discussions with teachers
it was suggested that younger children are more influenced
by their teachers than older children, while the older chil-
dren are more influenced by peers or external role models.
This might explain our observation that resonance to the
children of the person delivering the intervention appeared
effective for older but not younger children.

3. Infuture studies of the effects of interventions to pre-
vent childhood obesity, routinely collect a comprehen-
sive set of baseline characteristics around inequities

Because of the importance of inequities in obesity prev-
alence, we suggest that future trialists collect and report
baseline information on all PROGRESS factors (place,
race, occupation, gender/sex, religion, education, socio-
economic status and social status) and that they examine
whether the effect of the intervention differs according to
these factors.

4. In future studies of the effects of interventions to
prevent childhood obesity, include children with
disabilities

Because very few data are available from existing trials, we
suggest that future studies on the effects of interventions
to prevent childhood obesity allow the inclusion of, and
consider actively seeking enrolment of, children living
with disabilities.

5. Future studies in this area should follow good prac-
tice in conduct and reporting

As in many systematic reviews, we were unable to make
the best possible use of existing evidence because of
limitations in the conduct and reporting of the trials.
We particularly encourage future researchers to follow
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reporting standards such as CONSORT? and wherever
possible to make their data available on repositories.

6. Future evidence syntheses should consider the
methodology implemented here

The methodology we developed and implemented
here has widespread application to evidence syntheses
addressing the effects of complex interventions. We urge
evidence synthesists to consider adopting it in future
investigations. We are aware of a subsequent application
in an evidence synthesis around interventions to increase
uptake of vaccines (https:/fundingawards.nihr.ac.uk/
award/NIHR135130; accessed 12 June 2025).

Conclusions

The take-home messages from our project are that (1)
interventions to prevent childhood obesity can work
in terms of preventing excess weight gain, with effects
that are typically small at the individual level, (2) physical
exercise is at least as important as diet as a behaviour to
target; (3) many aspects of interventions and of randomised
trials influence the magnitude of intervention effect and
the variability in magnitude cannot easily be explained
by obvious candidate features; and (4) there is not strong
evidence that interventions work differently in those with
different PROGRESS characteristics at baseline.
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