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Summary

Background: Although early childhood obesity prevention has become an important

issue internationally, little evidence exists regarding longer term effects

(i.e., sustainability) of early interventions.

Objective: To determine whether intervention benefits at 2 years of age were

sustained at 3.5 and 5 years.

Methods: Follow-up of the Early Prevention of Obesity in Children (EPOCH) individ-

ual participant data prospective meta-analysis of four randomized controlled trials

including 2196 mother–child dyads at baseline. Interventions were home- or

community-based, commenced within 6 months of birth, ended by 2 years of age,

and comprised multiple sessions. Controls received standard care. BMI z-score (pri-

mary outcome), other anthropometric measures and weight-related behaviours were

initially measured at 1.5–2 years and followed up at 3.5 and 5 years.

Results: Positive intervention effects on BMI z-scores at 1.5–2 years of age were not

apparent by 3.5 years (�0.04 adjusted mean difference; 95% CI:�0.14, 0.06;

Abbreviations: BMI, body mass index; CI, confidence interval; EPOCH, early prevention of obesity in children; GEE, generalized estimating equations; IPD, individual participant data; LMM, linear

mixed model; OR, odds ratio; PMA, prospective meta-analysis; SD, standard deviation; WHO, World Health Organization.
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p = 0.424), and 5 years (0.03; 95% CI: �0.08, 0.14; p = 0.60). While prolonged inter-

vention benefits were detected for a few, but not the majority of, weight-related

behaviours at 3.5 years, these effects diminished over time.

Conclusion: This meta-analysis found that initial positive effects of childhood obesity

interventions faded out after interventions ended, pointing toward the importance of

a suite of interventions implemented at multiple stages across childhood.

K E YWORD S

childhood obesity, early intervention, individual participant data, prevention, prospective meta-
analysis, sustainability of intervention effects

1 | INTRODUCTION

Childhood obesity is a major public health issue, with an estimated

38 million (6%) children aged less than five years living with over-

weight or obesity globally.1 As the risk of current and future physical

and mental co-morbidities is higher in these children,2,3 early preven-

tion has become an important, policy-relevant issue internationally.4

However, further high-quality evidence on different approaches to

early prevention is urgently required.4

In 2009, we formed the Early Prevention of Obesity in Children

(EPOCH) Collaboration5,6 to address this evidence gap. The EPOCH

Collaboration includes representatives from four large Australasian

randomized controlled trials evaluating parent-focused interventions

for the prevention of early childhood obesity. We conducted a world-

first individual participant data prospective meta-analysis (IPD-PMA),

whereby investigators agreed on the main protocol components

(hypotheses, eligibility, outcomes, and analyses) before results of any

individual trials were known7 and raw data were provided for each

participant in each trial. Collection of IPD rather than aggregate data

enables more powerful analyses and in-depth exploration of individual

and trial-level subgroups,8 while PMA reduces the risk of publication

bias and selective outcome reporting often associated with retrospec-

tive meta-analyses.7 Combining these two innovative methodologies

also enabled greater outcome harmonization and thus greater power

to reliably detect intervention effects.9

With a combined sample size of 2196 mother-infant dyads, we

found that, compared to usual care, early intervention resulted in a

difference in body mass index (BMI) z-score of 0.12 standard devia-

tions (95% CI, �0.22 to �0.02, p = 0.017, heterogeneity p-

value = 0.09) at 1.5–2 years of age.5 While these effects were modest

(but relevant at a population-level), we also detected more pro-

nounced improvements in weight- and health-related behaviours

which are relevant for children's health beyond the prevention of obe-

sity, including television viewing time, feeding practices and

breastfeeding duration.5

While these results are promising, there is little evidence to date

regarding the sustainability of intervention effects, which is crucial to

successfully address the obesity epidemic.10 Typically, in the public

health context it has been difficult to maintain benefits long term, par-

ticularly those focused on individual behaviour change.11 The EPOCH

Collaboration sought to assess the sustainability of intervention

effects, and therefore prospectively agreed to collect harmonized

follow-up outcomes at 3.5 and 5 years of age.

The primary objective was to assess the sustainability of the

intervention effect on BMI z-score at 3.5 and 5 years of age. Second-

ary objectives were to assess longer term intervention effects on the

prevalence of overweight/obesity, waist-to-height ratio, dietary

intake, feeding practices, physical activity, television viewing, sleep,

and parenting practices.

2 | METHODS

The EPOCH Collaboration agreed to combine follow-up data in an

IPD-PMA using methodologies recommended by the Cochrane Col-

laboration.7,8 The main components of the protocol (i.e., aims, hypoth-

eses, eligibility, outcomes, subgroup, and sensitivity analyses) were

agreed and published6 prior to the results of any included trials being

known, and details of follow-up analyses were pre-specified on PROS-

PERO (CRD42011001188). We used the Preferred Reporting Items

for Systematic Reviews and Meta-Analysis (PRISMA) standards for

IPD Meta-Analyses checklist12 with some modifications to accommo-

date PMA methodology (as seen in Supplement 1 [Data S1]).

2.1 | Studies selection and eligibility criteria

The EPOCH Collaboration included four randomized controlled trials

in first time mothers with healthy term babies, evaluating parent-

focused interventions delivered at least partly face-to-face, with the

main objective of preventing childhood obesity. Randomization with

adequate allocation concealment needed to occur antenatally or prior

to the child being six months of age. Trials had to be registered on a

clinical trials registry, occur in Australia or New Zealand, and have a

planned follow-up of children to at least 5 years of age. We searched

databases (MEDLINE, EMBASE), clinical trial registries and grey litera-

ture, and consulted our research networks to identify eligible trials at

the time the EPOCH Collaboration was formed in 2009. The full sea-

rch strategy and details of the included EPOCH trials have been publi-

shed elsewhere.5,6,13–26 The four final intervention trials targeted a
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variety of obesity-related behaviours (mean = 12), such as diet, feed-

ing, physical activity, and sedentary behaviour.27 They had varied

delivery features (intensity, mode, and tailoring) and used a range of

behaviour change techniques (e.g., goal-setting, social support, and

role-modelling).27 All interventions were completed before first out-

come assessment at 1.5–2 years of age. A summary of the character-

istics of each trial may be found in Table 2.

2.2 | Project management and data collection

De-identified IPD collected at baseline, end of intervention period (1.5–

2 years of age), and follow-up (3.5 and 5 years of age) were provided by

each trial for all randomized mother–child dyads, and stored in an inde-

pendent centralized data management centre. Data were checked by the

independent data analysis team (not involved in any of the included tri-

als) for accuracy, integrity, missing items and consistency with published

reports, trial protocols, registration records, and metadata (e.g., data col-

lection sheets). Inconsistencies were discussed with trial representatives

and resolved by consensus. Each trial verified its own finalized dataset

prior to datasets being combined in the EPOCH database for analyses.

Risk of bias was independently assessed by two reviewers for each trial

and across trials using the Cochrane risk of bias tool.28

2.3 | Ethical considerations, data ownership, and
confidentiality

Each trial gained approval from their ethics committees and individual

participants gave written informed consent. Ethical approval for the

EPOCH follow-up project and sharing of de-identified data was

obtained from the University of Sydney Human Research Ethics Com-

mittee as an amendment to the original EPOCH approval (2016/822).

2.4 | Primary outcomes

The primary outcomes were child BMI z-score at 3.5 and 5 years of

age, determined in accordance with World Health Organization

(WHO) growth standards29 and adjusted for birthweight, which is

strongly associated with BMI z-score in the first few years of life.30,31

BMI (weight/height²) was calculated using objective measures of child

height and weight, which were collected in each trial by trained asses-

sors according to standard protocols. These assessors were blinded in

three out of four of the trials. More detailed information on assess-

ment methods can be found in trial-specific publications.13,15–17

Birthweight was obtained from medical records.

2.5 | Secondary outcomes

Secondary outcomes are defined in Table 1, and include prevalence of

overweight/obesity, waist-to-height ratio, dietary intake, feeding

practices, screen time, outdoor play, parenting self-efficacy, and sleep

(a behaviour targeted only in the POI.nz study25) at 3.5 and 5 years of

age. The same weight and height measures used to calculate the pri-

mary outcome, BMI z-score, were used to determine overweight/obe-

sity. For waist-to-height ratio, the same height measures were used,

and waist circumference was also measured by trained assessors fol-

lowing standard protocols. The remaining outcomes were assessed via

parent self-report using validated tools. Categorization of continuous

variables was agreed prior to data collation and pre-specified in a sta-

tistical analysis plan (Supplementary Text S1). Continuous variables

were considered the primary measure for analysis, unless there were

gross departures from normality, in which case the categorical mea-

sure was used.

2.6 | Covariates and subgroup analyses

Table 1 defines pre-specified individual- and trial-level covariates/

subgroups which are hypothesized to be predictive of the primary

outcome.

2.7 | Planned analyses

The principal method for aggregating data across trials was a ‘one-
step individual participant data meta-analysis’ linear modelling

approach, with the individual as the unit of analysis, that treated trials

(four levels) as stratified fixed factors and randomized groups (two

levels) as common fixed factors. Generalized linear models with

appropriate link functions and distributions were selected to model

continuous endpoints (difference in group means) and binary end-

points (odds ratio). Clustering for the one included trial (INFANT) that

was cluster-randomized was taken into account by fitting models

using Generalized Estimating Equations to derive appropriate stan-

dard errors.

The primary analysis was adjusted for birthweight as a covariate;

secondary analyses were unadjusted. Sensitivity analyses to test if

treatment effects are present independent of key prognostic factors

(i.e., not including an interaction term) were performed for the primary

outcomes, repeating the main analyses but adjusting for pre-specified

baseline factors at the individual level (child age, sex, birthweight,

breastfeeding; maternal age, education, BMI, and smoking status dur-

ing pregnancy). Heterogeneity of treatment effect between trials

(i.e., the variation in study outcomes between trials) was investigated

by fitting a trial-by-treatment interaction term to the one-step fixed

common-effect model. A random effects model was fitted as a sensi-

tivity analysis. The main analyses excluded a second intervention arm

of the POI.nz trial that solely focused on sleep and no other weight-

related behaviours. This sleep arm was included in a sensitivity analy-

sis. Subgroup analyses exploring differences in all study outcomes

depending on pre-specified individual or trial characteristics were

assessed by fitting main effects and examining the significance (p-

value) of the subgroup by intervention interaction term within the
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model. All pre-specified individual- and trial-level subgroups are out-

lined and defined in Table 1.

Analyses included all randomized mother–infant dyads with avail-

able data and were based on intention-to-treat. Models were first run

with complete cases, then the impact of missing data was explored in

a multiple imputation analysis for BMI z-score adjusted for

birthweight using a linear mixed model (LMM) approach of available

longitudinal data. Development of the LMM was undertaken blinded

to treatment allocation (see Supplementary Text S2 for further

details). No trial-specific estimates or weights were derived in the

TABLE 1 Outcomes and covariates/subgroups

Variables Definition

Primary outcomes

BMI z-score at age 3.5 years Determined in accordance with WHO growth standards29 and adjusted for birthweight (continuous)

BMI z-score at age 5 years Determined in accordance with WHO growth standards29 and adjusted for birthweight (continuous)

Secondary outcomes

Prevalence of overweight/

obesity

Defined as BMI z-score of at least 2 standard deviations above the WHO reference (dichotomous)

Waist-to-height ratio (WtHR) Primary measure (continuous): Waist circumference divided by height

Secondary measure (dichotomous): WtHR <0.5 versus ≥0.5

Dietary intake Intake of fruit and vegetables in grams per day (continuous)

Intake of energy-dense nutrient-poor (EDNP) foods >0 grams per day (dichotomous) Intake of sugar-sweetened

beverages (SSBs) in millilitres per day (continuous)

Outdoor play Average daily outside play hours/day (continuous)

Screen time Primary measure (continuous): Average time sedentary behaviour in front of a screen (i.e., TV/DVD viewing,

computer use, and gaming) in hours per day

Secondary measure (dichotomous): Screen time <1 h versus ≥1 h per day

Sleep Primary measure (continuous): total night sleep duration (hours)

secondary measure (dichotomous): <10 h versus ≥10 h

Feeding practices Comprehensive Feeding Practices Questionnaire (CFPQ)32 scores for subscales ‘Food as Reward’, and ‘Food
Restriction for Health’ (categorical)

Parenting self-efficacy Longitudinal Study of Australian Children (LSAC) parenting question33:

Low (Responses: ‘Not very good’, ‘A person who has some trouble being a parent’, or ‘Average parent’) versus high
(‘Above average’ or ‘Very good’) (dichotomous)

Individual-level covariates/subgroups

Birthweight In grams, categorized into tertiles for subgroup analysis

Sex Female/male

Child's age at final

assessment

Age in years, categorized into tertiles for subgroup analysis

Breastfed Any breastfeeding at or beyond 6 months of age (yes/no)

Maternal age Age in years at recruitment, categorized into tertiles for subgroup analysis

Maternal education Mother's highest education level, categorized as:

• Secondary school: completion of any secondary school, including responses ‘Do not know’ or ‘Refused’
• Post-secondary school: any post-secondary school education such as TAFE, technical colleges, etc.

• University: any university degree

Maternal weight Before pregnancy, self-reported or measured; categorized as obesity (BMI ≥30), overweight (BMI 25–25.9), or
normal/ underweight (BMI < 25) for subgroup analyses

Maternal smoking Any smoking versus no smoking during pregnancy

Trial-level covariates/subgroups

Intervention setting Home, community or combination

Intensity of intervention Not intensive or intensive (classified by number of sessions/contacts and duration of intervention using a cut point of

4 for the ‘number sessions/duration’ ratio)

Timing of intervention onset Antenatal or postnatal

Existing well-child health

care programs

Higher or lower (based on the level of publicly funded existing well-child health care available in the community)

Abbreviations: BMI, body mass index; HBT, healthy beginnings trial; INFANT, infant feeding activity and nutrition trial; Nourish, nourish trial; POI,

prevention of obesity in infancy trial; WHO, World Health Organization.
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one-stage model, since summary parameters were directly derived

from the individual participant data. To illustrate meta-analysis results

in a forest plot for the primary outcome BMI z-score, linear regression

models were applied to each trial separately, to derive trial-specific

effect estimates with 95% confidence intervals.

All analyses were conducted using SAS, version 9.4 (SAS Institute,

Cary, North Carolina). Secondary analyses were used to supplement

conclusions based on the primary analysis and have been interpreted

within that context, considering the totality of available evidence. No

adjustments were made for multiple comparisons.

3 | RESULTS

3.1 | Baseline characteristics

Baseline sociodemographic characteristics for participants in the four

trials and the combined dataset were balanced across intervention and

control groups (Table 2). Data were available for 2196 mother–child

dyads (see Figure S1 for study selection flow chart). No integrity issues

were identified when checking the IPD. Results of the initial outcome

assessment at two years of age have been published previously.5

3.2 | Follow-up at 3.5 years of age

At 3.5 years of age, BMI z-score data were available for 1430

mother–child dyads. Data were missing for 34.6% of the intervention

group (398 of 1151), and 35.2% of the control group (368 of 1045).

Levels of missingness were similar across intervention and control

group but varied slightly across the four included trials (ranging

between 21.7% and 39.7%).

The positive intervention effects on BMI z-score observed at

1.5–2 years of age were not apparent by 3.5 years of age (Table 3).

Intervention children had similar BMI z-scores at 3.5 years (mean:

0.67, SD: 1.03) compared to control (mean: 0.71, SD: 0.94), with an

adjusted mean difference of �0.04 (95% CI: �0.14 to 0.06,

p = 0.424, Figure 1). The result was stable in sensitivity analyses

imputing for missing data (�0.03, 95% CI: �0.11 to 0.06), in a sensi-

tivity analysis not adjusting for birthweight (�0.04, 95% CI: �0.15 to

0.06) and when adjusting for child sex, age at measurement, breastfed

to 6 months (yes/no), maternal age, education, and BMI category

(Supplement 5 [Data S1]). Subgroup analyses assessing covariate-

treatment effect interactions found no compelling evidence for sub-

group differences for the primary outcome BMI z-score (Supplement

4 [Data S1], Table S1).

Benefits of early intervention were maintained at 3.5 years of age

for some weight-related behaviours, including reduced odds of

watching television at least 1 h/day (OR: 0.69, 95% CI: 0.51 to 0.94,

p = 0.019), and lower odds of food being used as a reward (OR: 0.63,

95% CI: 0.47 to 0.84, p = 0.001) for self-reported feeding practices.

There were no differences detected for the secondary outcomes
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efficacy, sleep, outdoor play, dietary intake, and other self-reported

feeding practices (Table 4). In terms of safety, low BMI (z-score < �2)

was rare (n = 3, 0.2%, all in the intervention group). Subgroup ana-

lyses for secondary outcomes assessing covariate-treatment effect

interactions revealed no noteworthy findings and effect estimates

were stable (see eTables in Supplement 4 [Data S1]). No evidence for

heterogeneity was detected for the primary outcome or any of the

secondary outcomes, with the exception of some heterogeneity for

the outcome ‘restrictions for health’ (Q heterogeneity p-value = 0.01).

The results were stable to pre-specified sensitivity analyses, including

a random effects analyses adjusting (for pre-specified factors in the

sensitivity analyses (Supplement 5 [Data S1])).

3.3 | Follow-up at 5 years of age

At 5 years of age, BMI z-score data were available for 1169 mother–

child dyads. Data were missing at similar levels across groups: 46.1%

for the intervention group (531 out of 1151) and 47.5% for the con-

trol group (496 out of 1045). Trial level missingness ranged from

35.1% to 54.6%.

There was no difference in BMI z-scores at 5 years of age

between intervention children (mean: 0.52, SD: 1.02) and controls

(mean: 0.49, SD: 0.89), with an adjusted mean difference of 0.03 (95%

CI: �0.08 to 0.14, p = 0.60, Figure 1, Table 3). This result was stable

in sensitivity analyses imputing for missing data (0.03, 95% CI: �0.07

to 0.13), when not adjusting for birthweight (0.03, 95% CI: �0.08 to

0.14), and when adjusting for child sex, age at measurement, breastfed

to 6 months (yes/no), maternal age, education, and BMI category

(Supplement 5). Subgroup analyses found no compelling evidence for

subgroup differences for the primary outcome BMI z-score

(Supplement 4 [Data S1], Table S2).

Positive intervention effects on television viewing (≥1 h/day) had

dissipated by 5 years of age (47.9% intervention group versus 51.5%

control; OR = 0.85, 95% CI: 0.64 to 1.13, p = 0.26). However, the

intervention group continued to have lower odds of food being used

as a reward (OR: 0.64, 95% CI: 0.49 to 0.85, p = 0.002).

There were no statistically significant differences detected for the

secondary outcomes of overweight and obesity, waist-to-height ratio,

parenting self-efficacy, sleep, outdoor play, and dietary intake

(Table 4). In terms of safety, low BMI (z-score < �2) was rare (n = 5,

0.4%), with 4 cases in the intervention and 1 in the control group.

Again, subgroup analyses for secondary outcomes and pre-specified

sensitivity analyses revealed no noteworthy findings and stable effect

estimates (Supplements 4–5 [Data S1]). We did not find evidence of

heterogeneity for any of the outcomes at 5 years of age.

3.4 | Risk of bias

Risk of bias was low across most domains for all trials, with the excep-

tion of performance bias and attrition bias (Supplement 5 [Data S1]).

TABLE 3 Results of the one stage IPD meta-analysis: combined effect estimates of early interventions on BMI z-score (primary outcome), at
3.5 and 5 years of age

Outcome Intervention Control

Effect

estimate unit Effect estimate (95% CI, p-value)

Q Heterogeneity

(p-value)

Primary outcome at 3.5 years of age

BMI z-score adjusted for birthweight:

mean (SD) (primary analysis)

0.67 (1.03) 0.71 (0.94) Δ z-score �0.04 (�0.14 to 0.06; p = 0.424) 0.3860

BMI z-score adjusted for birthweight:

(LMM longitudinal data)^
NA NA Δ z-score �0.03 (�0.11 to 0.06, p = 0.511) NA

BMI z-score unadjusted for birthweight 0.67 (1.03) 0.71 (0.94) Δ z-score �0.04 (�0.15 to 0.06; p = 0.401) 0.4207

BMI z-score adjusted for birthweight,

sensitivity analysis (including POI

sleep only population in the

intervention group): mean (SD)

0.66 (1.02) 0.71 (0.94) Δ z-score �0.05 (�0.15 to 0.05; p = 0.308) NA

Primary outcome at 5 years of age

BMI z-score adjusted for birthweight:

mean (SD) (primary analysis)

0.52 (1.02) 0.49 (0.89) Δ z-score 0.03 (�0.08 to 0.14; p = 0.601) 0.4383

BMI z-score adjusted for birthweight:

(LMM longitudinal data)^
NA NA Δ z-score 0.03 (�0.07 to 0.13; p = 0.523) NA

BMI z-score unadjusted for birthweight 0.52 (1.02) 0.49 (0.89) Δ z-score 0.03 (�0.08 to 0.14; p = 0.623) 0.3516

BMI z-score adjusted for birth weight,

sensitivity analysis (including POI

sleep only population in the

intervention group): mean (SD)

0.50 (1.01) 0.49 (0.89) Δ z-score 0.02 (�0.09 to 0.13; p = 0.732) NA

Note: ^ Analysis accounting for missing data via linear mixed model (LMM) for longitudinal data.

Abbreviations: BMI, body mass index; CI, confidence interval; LMM, linear mixed model; SD, standard deviation; Δ, mean difference intervention versus

control group.
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Performance bias was high for all trials since it was not possible to

blind participants and personnel delivering the intervention. Yet,

assessment was blinded in three out of four trials for the primary out-

come BMI z-score, which is an objective measure and thus less sus-

ceptible to performance bias. There was high risk of attrition bias for

all trials with substantial loss to follow-up.

4 | DISCUSSION

4.1 | Principal findings

While the EPOCH PMA showed that early obesity prevention inter-

ventions were modestly effective at reducing BMI z-score after the

intervention ended at 1.5–2 years of age, these effects were not

sustained beyond the end of the intervention, with benefits no lon-

ger apparent at 3.5 or 5 years of age (Figure 2). Positive effects for

some obesity-preventive behaviours that were evident at 1.5–

2 years remained at 3.5 years (television viewing, feeding practice:

food as reward), but by 5 years the effects on television viewing had

dissipated. These parallel reductions in obesity-preventive behav-

iours may explain the lack of sustained effect on BMI z-score at

follow-up.

4.2 | Interpretation

This is the first IPD-PMA of parent-focused early childhood obesity

prevention interventions. We show that while early interventions can

be effective initially, these effects dissipate over time when interven-

tions are discontinued. This finding aligns with a retrospective meta-

analysis of childhood obesity prevention interventions that was lim-

ited by substantial heterogeneity across studies, and by the inability

to adjust for missing values.34 Both of these limitations were

addressed in the present IPD-PMA design.

Our results are disappointing but perhaps not surprising, given

the modern obesogenic environment to which children are constantly

exposed and the many social, cultural, and environmental factors that

influence obesity-related behaviours.35 As children grow older, their

environments and sources of influence widen. Up to 2 years of age,

the family is arguably the main source of influence for most young

children, and thus, family-based interventions such as those in the

EPOCH trials can play a central role. However, by the time children

are 3.5 to 5 years of age (our follow-up times) other sources of influ-

ence, beyond the family unit, increase. Children may, for example,

start pre-school, be exposed to more advertizing, and expand their

social field beyond their immediate family. Further, due to rapid devel-

opmental change over the 0–5 year period, interventions tailored for

F IGURE 1 Effect of early interventions on BMI z-score at 3.5 and 5 years of age—individual trial and combined meta-analysis results,
adjusted for birthweight
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early life may not generalize to preschool years. For these reasons, a

widely advocated systems approach, including upstream interventions

addressing families, childcare centres, supermarkets, and marketing of

foods,36–38 may become more important as children age.

As a recent Cochrane review has highlighted, interventions com-

bining multiple behaviours (diet and physical activity) can be effective

for the short-term prevention of childhood obesity, both in the 0–

5 year, and 6–12 year age groups.36 However, maintaining interven-

tion effects is essential for the long-term success of childhood obesity

prevention. Although few studies have evaluated maintenance inter-

ventions in this context, a meta-analysis of trials evaluating mainte-

nance interventions after treatment in childhood obesity found that

continued intervention had a stabilizing effect on BMI z-score, which

suggests that finding appropriate maintenance strategies may also be

warranted in the context of prevention.39 Our findings support the

need to identify appropriate post-intervention maintenance strategies

and/or adopt a life course approach comprising a suite of aligned

interventions across childhood to sustain beneficial effects.27,40–42

4.3 | Strengths and limitations

To our knowledge, this is the largest prospective study to date assessing

sustainability of intervention effects in a pre-specified and harmonized

dataset including individual participant data for over 2000 children. The

substantial follow-up times of the four included trials allowed detailed

analyses of intervention effects over time, and the variability of interven-

tions and populations increased the generalizability of our findings. The

main strength of this study was the collaborative IPD-PMA approach,

which enabled higher data availability, extensive data checking, reduction

of potential bias, and more complex analyses such as individual-level sub-

group analyses (not subject to ecological bias) and imputation for missing

values,43 which is of great importance given the long-term follow-up. The

prospective approach allowed harmonized outcome collection, where trial

investigators agreed on collecting common core outcomes at the same

time points (i.e., 3.5 and 5 years), leading to strongly increased availability

of outcomes for each time point and thereby greatly increased statistical

power.8 This is in great contrast to previous meta-analyses in this field

that report substantial heterogeneity across trials, their outcome mea-

sures and time points as a major limitation.34

Study limitations include the relatively high levels of missing data

due to long follow-up, although the results were stable to multiple impu-

tation and sensitivity analyses adjusting for multiple covariates. Further,

attrition analyses did not demonstrate any difference in loss to follow-up

by group allocation or BMI z-score at baseline, 2 years and/or 3.5 years

of age. An additional limitation is the lack of diversity in the included four

studies, since they were all conducted in Australia and New Zealand.

However, since obesogenic environments are a global problem, we might

expect similar reduction in effects in other countries tackling childhood

obesity. The subgroup analyses (i.e., variations in outcomes by pre-

specified individual-level or trial-level characteristics) in this study were

limited by relatively low power and may have missed differential inter-

vention effects across population groups, so we interpreted with caution.

While there was no evidence for heterogeneity (i.e., variation in out-

comes across the different trials), we may have also missed differential

effects across intervention types since the low number of trials pre-

cluded analysing this quantitatively (qualitative analyses of differences

across interventions have been reported elsewhere).27 Finally, while

sleep was assessed as an outcome, none of the interventions in the main

analyses directly addressed sleep behaviours, so this study may not be

suitable to assess the potential of interventions addressing sleep.

4.4 | Moving forward – the TOPCHILD
collaboration

In the EPOCH Collaboration, four trials in similar geographic locations

collaborated in an IPD-PMA.5,6 This enabled us to show intervention

F IGURE 2 Combined BMI z-score
over time (adjusted for birthweight) with
95% confidence intervals for intervention
and control groups across the four
EPOCH trials. This Figure summarizes and
interprets combined findings across trials
that are presented in more detail in
Table 3. All reported measures have been
meta-analysed across trials following the

methods outlined above, are shown after
intervention end and are adjusted for
birthweight. One of the trials conducted
initial measurement at 1.5 and not
2 years. This has been accounted for in
the analysis, but has been included in the
2.0 time point for the purposes of this
illustrative figure. Only the difference at
age 2 years was statistically significant,
with the BMI z-score 0.12 standard
deviations lower in the intervention group
(95% CI, �0.22 to �0.02, p = 0.017)
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effectiveness at 1.5–2 years of age and how these effects were not

sustained over time, but also to look into the ‘black box’ of childhood
obesity interventions to derive a more detailed understanding of what

interventions entailed in a separate multi-methods study.27 However,

there were too few interventions to enable quantitative in-depth

examination of intervention-level effects. To address this, we have

extended the EPOCH Collaboration to incorporate a global perspec-

tive. The TOPCHILD Collaboration (www.topchildcollaboration.org)

aims to bring together more than 70 trials addressing the early pre-

vention of childhood obesity worldwide, with a combined sample size

of greater than 50 000 participants, to find the most effective, least-

resource intensive interventions.44,45 Using an innovative combina-

tion of methods, the Collaboration will be able to determine the effec-

tiveness of discrete intervention components, including delivery

features, behaviour change techniques, and promising obesity-

preventive target behaviours such as sleep. These can then be tailored

to local contexts and populations to inform sustainable, life-course

policy programs addressing childhood obesity.

5 | CONCLUSION

In the absence of continued intervention, initial positive effects of

childhood obesity prevention interventions were not sustained over

time. Life-course systems approaches are necessary to address the

major public health problem of obesity.
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