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ABSTRACT 

Maximising the benefits of investments in obesity research requires effective interventions to 

be adopted and disseminated broadly across populations (scaled-up). However, interventions 

often need considerable adaptation to enable implementation at scale, a process that can 

reduce the effects of interventions. A systematic review was undertaken for trials that sought 

to deliver an obesity intervention to populations on a larger scale than a preceding RCT that 

established its efficacy. Ten scaled-up obesity interventions (six prevention, four treatment) 

were included. All trials made adaptations to interventions as part of the scale-up process, 

with mode of delivery adaptations being most common. Meta-analysis of BMI/zBMI from 

three prevention RCTs found no significant benefit of scaled-up interventions relative to 

control (SMD=0.03; 95% CI: -0.06, 0.12, p=0.510 – I2 = 0.0%). All four treatment 

interventions reported significant improvement on all measures of weight status. Pooled 

BMI/zBMI data from prevention trials found significantly lower effects among scaled-up 

intervention trials than those reported in pre-scale efficacy trials (SMD=-0.11; 95% CI: -0.17, 

-0.04, p=0.002 – I2 = 0.0%). Across measures of weight status, physical activity/sedentary 

behaviour and nutrition, the effects reported in scale-up interventions were typically 75% or 

less of the effects reported in pre-scale-up efficacy trials. The findings underscore the 

challenge of scaling-up obesity interventions.  
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1| BACKGROUND 

Since 1975 global rates of overweight have almost tripled, increasing the risk of a variety of 

preventable diseases, such as cardiovascular disease, cancer, and diabetes.1-4 Interventions to 

reduce modifiable risk factors for obesity have been recommended to mitigate its adverse 

effects. Specifically, community-based approaches to reduce the risk of unhealthy weight gain 

have been suggested to be particularly beneficial, given their capacity to reach large numbers 

of those in the community who could benefit from obesity related services. As physical 

inactivity and diet are the primary drivers of unhealthy weight gain, they represent key targets 

for obesity prevention and treatment interventions. 

Decades of research have identified a range of effective community-based interventions to 

reduce unhealthy weight gain and improve physical activity and diet.5-7 However, maximising 

the benefits of investments in obesity research requires effective interventions to be adopted 

and disseminated broadly across populations, that is, scaled-up. Scale-up is defined by the 

World Health Organization (WHO) as “deliberate efforts to increase the impact of health 

service innovations successfully tested in pilot or experimental projects to benefit more people 

and to foster policy and program development on a lasting basis.”8 Whilst there have been 

calls from international agencies, including the WHO,9 to scale-up the implementation of 

obesity interventions, and a range of frameworks available to do so,8,10,11 the process of 

scaling-up interventions is complex. Many interventions as they were originally developed 

and tested are not suitable for delivery at scale and need considerable adaptation to enable 

population wide implementation.12,13 Specifically, intervention adaptations are often required 

to accommodate broader population groups, to better align with existing delivery 

infrastructure, or improve reach. Such adaptations have been hypothesised to lead to a ‘scale-
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up penalty’14,15 or an intervention ‘voltage drop’16 whereby the effects of interventions are 

reduced following scale-up. 

Assessing the effect size of interventions delivered at scale is important to determine whether 

significant investments in their implementation are achieving worthwhile benefits to the 

community. Similarly, comparing the effects of interventions delivered at scale with those 

achieved during trials to establish their efficacy is useful to assess the extent to which any 

adaptations occurring as part of the scale-up process (or the broader context in which the 

intervention is being delivered), may impact on its effectiveness. That is, understanding the 

typical magnitude of any scale-up penalty can assist policy makers to appraise the likely 

impact of interventions delivered at scale, before significant investments in their population 

wide delivery occur. However, few studies have examined the impact of the scale-up of 

obesity interventions. A series of Cochrane reviews have reported the effect of strategies to 

improve the implementation of nutrition, physical activity, and obesity prevention 

interventions delivered at scale in community settings and found their impact on measures of 

health behaviour or adiposity to be equivocal.17-19 However, these reviews did not identify 

whether interventions were scaled-up from earlier trials with established efficacy, and so did 

not describe any changes in the effects of interventions delivered at scale (relative to pre-scale 

assessments) or any program adaptations. In 2016, Reis et al.20 conducted a review of 

physical activity interventions which had been scaled-up without the support of researchers. 

The effects of the 16 programs identified as relevant were not systematically synthesised and 

many did not originate from efficacy trials.  Therefore comparison of their effect relative to 

pre-scale evaluations was not possible. In the field of diabetes, a community-based prevention 

program was effective in achieving weight loss of approximately -4.7kg.21 However, the 
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effect of subsequent scale-ups of the program in Finland and Australia was reduced to an 

average of -4.5kg and -2.7kg at 12 months, respectively.22,23 

Evidence regarding the effects of scaled-up obesity interventions in community settings has 

not been the subject of a systematic evidence synthesis. As such, uncertainty remains 

regarding: the type of adaptations typically made to an intervention as it transitions from a 

controlled research environment to a large scale, real-world enterprise; the potential real-

world impact of such initiatives; and the magnitude of any scale-up penalty. In this context, 

the objectives of this review were to: 

1) Describe adaptations to obesity interventions occurring as part of the scale-up 

process; 

2) Assess the effects of evidence-based obesity interventions on comparable measures 

of weight status, physical activity (including sedentary behaviour), and nutrition 

following scale-up; and 

3) Describe differences in effects of interventions established prior to and following 

scale-up (scale-up penalty) for comparable measures of weight status, physical 

activity (including sedentary behaviour), and nutrition. 

 

2 | METHODS 

To address the study aims, a systematic review was undertaken of peer reviewed and grey 

literature. The review methods were developed using guidance from the Cochrane 

handbook,24 and were prospectively registered in PROSPERO (ID: CRD42018105785). 

2.1 | Criteria for including and excluding studies 

2.1.1 | Types of study designs 

This article is protected by copyright. All rights reserved.



5 | M C C R A B B  E T  A L .  

 

We included intervention studies of any design (including randomised, controlled before and 

after trials, and non-controlled before and after designs) examining the effects of a scaled-up 

obesity intervention on any measure of weight status (e.g., weight, BMI, percent body fat), 

physical activity (including sedentary behaviour), and/or nutrition. Interventions could focus 

on obesity prevention or weight treatment in children or adults and needed to include a 

measure of weight status, physical activity/sedentary behaviour, or nutrition as its primary 

trial outcome. To be included, trials must have reported the results of interventions which had 

been established as efficacious on any measure of weight status (as defined in the trial) from a 

previously published randomised controlled trial (RCT) (‘efficacy’ study). Studies were 

defined as efficacious if the results of the trial found a significant effect (p<0.05) on at least 

one measures of weight status between intervention and comparison trial arms. Included trials 

may, or may not have also been efficacious in improving other obesity related behaviours. As 

such, while trials of interventions that had been scaled-up could employ randomised, non-

randomised or designs without a control group, a preceding trial of the intervention must have 

been undertaken demonstrating the efficacy of the intervention using a randomised design. 

Data was extracted from pairs of ‘efficacy’ trials and the ‘scaled-up’ trials in this review. 

There were no restrictions on the language of publication. Studies published in the peer 

reviewed and grey literature were eligible. 

2.1.2 | Populations 

We included interventions undertaken in community, non-clinical settings (e.g., schools, 

workplaces, or sport and recreation centres). Trials of interventions targeting populations with 

pre-existing medical conditions or obesity related co-morbidities were excluded. Intervention 

programs must be delivered direct to community populations, or within community settings 
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such as schools, childcare services, or recreational centres. Studies or strategies to scale 

interventions in medical settings such as hospitals or general practice were excluded (none 

were found). 

2.1.3 | Types of interventions 

Trials were categorised as either efficacy, effectiveness, or implementation or dissemination 

trials.25 We excluded trials where the primary purpose was replication in the same translation 

stage, that is, the conduct of an efficacy trial to replicate the findings of a prior efficacy trial. 

We included trials that intentionally sought to deliver an intervention to populations on a 

larger scale (e.g., a greater number of individuals in the target population) than a preceding 

RCT that established its efficacy. This means both vertical and horizontal scaling 

interventions were included,11 as well as interventions that had been ‘scaled-out’ (delivered to 

new populations and/or through different delivery systems from the efficacy trials).12 There 

was no criteria regarding the absolute or relative increase in scale required of scale-up trials. 

Scale-up trials where the intervention was delivered to a greater number of the target 

population yet included a smaller number of participants in their evaluation, relative to 

corresponding efficacy trials (e.g. trials including nested evaluations), were also included.  

2.1.4 | Types of outcome measures 

Outcome measures were any measure of weight status (e.g., Body Mass Index [BMI], waist 

circumference or other measures), physical activity (including sedentary behaviour), and/or 

nutrition. Such measures could be derived from any data source including direct observation, 

questionnaire, or anthropometric or biochemical assessments. 

2.2 | Search strategy 
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A comprehensive search strategy was undertaken to identify included studies. Firstly, 

MEDLINE, EMBASE, PsycINFO, Cochrane Central Register of Controlled Trials 

(CENTRAL), CINAHL, Education Resources Information Center (ERIC) electronic 

databases were searched. Search terms to identify scaled-up interventions were developed 

based on terminology used in reviews by Milat et al.,26 Reis et al.,20 and Charif et al.27 and 

combined with published search filters for physical activity/sedentary behaviour,28 

nutrition,17,29 and obesity.17,30,31 Search terms are described in detail in Supplement file 1. 

Additionally: 

1) Review authors contacted the corresponding authors of those interventions 

identified during full text screening which, if scaled-up, would have been eligible for 

inclusion to confirm: i) if their intervention had been subsequently scaled-up; and ii) whether 

the effects of the scale-up had been evaluated. 

2)  Corresponding authors of trials included in key systematic reviews on obesity 

prevention or treatment for children and adults32-35 were contacted by email to assess if, to 

their knowledge: i) their intervention had been subsequently scaled-up; and ii) whether the 

effects of the intervention following scale-up were evaluated. 

3) Studies included in reports on the processes or outcomes of health promotion 

interventions that have been scaled-up were checked for eligibility, with potentially eligible 

studies screened for inclusion.20,25 Key individuals were contacted from: the WHO; the WHO 

Collaborating Centre for Physical Activity, Nutrition and Obesity; the New South Wales 

Ministry of Health; the National Cancer Institute, National Institute of Health; as well as 

general enquiries at Public Health England, and the Division of Nutrition, Physical Activity 

and Obesity at the Centers for Disease Control and Prevention (CDC) to request if they knew 
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of any other intervention which could be eligible for inclusion in the review. The review team 

assessed publications provided, or sought to locate via web searches for publications (peer 

reviewed or grey literature) of evaluations of obesity interventions identified as potentially 

eligible using details provided by contacted experts. 

2.3 | Criteria for determination of independent findings 

2.3.1 | Study selection 

Two review authors, not blinded to the author or journal information, independently screened 

abstracts and titles. Google translate was used to assess the eligibility of abstracts not 

published in English. Full texts of manuscripts were obtained for all potentially eligible trials 

for further examination. Translation was sought for full texts of manuscripts not published in 

English. Decisions regarding study inclusion were made via consensus between review author 

pairs. Where consensus could not be reached, or where it was uncertain, decisions regarding 

eligibility were discussed with a third reviewer. Information regarding the primary reason for 

exclusion of full texts manuscripts were recorded. 

2.3.2 | Data extraction and management 

Data extraction occurred independently and in duplicate by review authors who were also 

unblinded to author or journal information. Discrepancies between review author pairs 

regarding data extraction were resolved via consensus or via a third reviewer if required. Data 

were extracted from both the scaled-up intervention trial, and the RCT on which the scaled-up 

intervention was based (and established as efficacious). We extracted data to describe the 

following: a) the characteristics of included studies, such as the country and year of 

publication, sample, study design, trials measures and outcomes; b) the translation stage of the 

trial using the pathways to scaling-up public health intervention used by Indig et al.25 
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(efficacy, effectiveness, implementation or dissemination); c) the nature of any scaled-up 

adaptations to the intervention or implementation strategy characterised using the 

Adaptome;36 and d) information to enable assessment of study quality and meta-analysis. One 

reviewer transcribed information from data extraction templates into tables reported in the 

manuscript. One review author extracted, transcribed and conducted meta-analysis. 

2.4 | Risk of Bias 

Risk of bias was assessed independently by two reviewers using the risk of bias tool Effective 

Public Health Practice Project (EPHPP) Quality Assessment Tool for Quantitative Studies.37 

This tool covers any quantitative study design and includes components of intervention 

integrity. The tool provides an overall risk of bias (‘strong’, ‘moderate’ or ‘weak’) assessment 

for each included study based on consideration of selection bias, study design, confounders, 

blinding, data collection methods, and withdrawals and drop-outs. Discrepancies were 

resolved by consensus or a third reviewer was approached to adjudicate. 

2.5 | Data synthesis 

The study characteristics and key findings of scaled-up trials were described in a 

characteristics of included studies table. Scaled-up trials were also classified as either 

effectiveness or real world trials, or implementation or dissemination trials based on 

descriptions of research stage and scale-up pathways from Indig et al.25 

2.5.1 | Adaptations to interventions or implementation  

We narratively synthesised adaptations to the intervention as reported in the original efficacy 

and subsequent scaled-up trials. As descriptions of interventions in research manuscript often 

include poor descriptions, supplementary Google, and Google Scholar searches were 

undertaken to identify other reports or web-based material (e.g., additional studies, program 
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manuals, or protocols) that provided additional information regarding interventions or how 

they may have been modified.38 We used the Adaptome model36 as our evidence synthesis 

framework to describe adaptations to interventions.36 Specifically we classified any 

adaptation as: 

i) Service setting adaptations – Adaptations to any element of the environment 

where the intervention delivery takes place. This includes the physical location of delivery, 

who delivers the intervention (e.g., level of education, professional background etc.), the 

source of financing, and/or collaborative approaches to delivery. 

ii) Target audience adaptations – Any adaptations to the target audience(s) and/or 

adaptations which make the intervention more appropriate for the population of interest. An 

example includes changing the target audience altogether. 

iii) Mode of delivery adaptations – Adaptations to the channel(s) used for the 

delivery of the intervention. Examples of these types of adaptations include those made to the 

frequency or duration of group sessions, to the interventions technological format, to the 

delivery channel itself (internet-based versus in-person), and/or to the training of a population 

responsible for intervention delivery e.g., interventionists, parents or teachers. 

iv) Cultural adaptations – Adaptations made to better reflect cultural 

appropriateness of the intervention. Cultural adaptations facilitate greater compatibility 

between the intervention and a particular cultural group through modifying cognitive and/or 

observable cultural components.39 

Other adaptations that could not be classified into the above categories suggested by the 

Adaptome36 were coded as ‘Other adaptations’. 

2.5.2 | The effects of evidence-based obesity interventions following scale-up 
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The effects of all interventions included in the review were narratively synthesised. 

Additionally, pooled quantitative syntheses methods using BMI or standardised BMI scores 

(i.e., BMI z-scores [zBMI]) were employed in instances when there was sufficient data 

available as this was the most commonly used measure of weight status across included 

studies. To assess the effectiveness of scaled-up interventions, we attempted to include all 

studies reporting on BMI or zBMI in a meta-analysis. We conducted random effects meta-

analysis on BMI and zBMI scores, with standardised mean differences calculated using 

Hedges g. We performed meta-analysis separately for studies assessing obesity prevention 

and treatment. Furthermore, the effects of scaled-up interventions on other measures of 

weight status, physical activity/sedentary behaviour, and/or nutrition were synthesised 

narratively. 

2.5.3 | Differences in effects of interventions established prior to and following scale-up 

Similarly, to assess the magnitude of the scale-up penalty in trials reporting on BMI and 

zBMI scores, a random effects meta-analysis was conducted on the differences in effects of 

interventions assessed in the context of an efficacy trial relative to that achieved and 

following scale-up. Differences in effects were calculated by subtracting the between group 

effect size following scale-up, from the between group effect size estimated from the original 

efficacy trial (pre-scale RCT). For this meta-analysis we sought to include all trials where an 

effects size for the intervention on measures of BMI (or zBMI) could be calculated for both 

the scaled-up trial, and the corresponding efficacy trials on which it was based. For scaled-up 

trials using an uncontrolled before and after trial design, the effect sizes, calculated as a 

change from baseline was subtracted from an effect size calculated as the change from 

baseline within the intervention group in the original efficacy trial. Where multiple time-
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periods were provided (i.e., DOiT efficacy trial)40 data from the time-period that most closely 

matched the follow-up period used in the scaled-up trial was analysed. 

Furthermore, to assess differences in effects of scaled-up interventions on other measures of 

weight status, physical activity/sedentary behaviour, and/or nutrition, we reported the findings 

of all measures that were included, assessed and reported in a standardised way across both 

efficacy and scaled-up interventions. For each included study, we calculated the percent of the 

effect size reported in the efficacy trial that was retained in the scaled-up intervention trial 

using the following formula: effect size reported in the scaled-up trial divided by the effect 

size reported in the pre-scale efficacy trial, multiplied by 100. From this equation, values 

higher than 100% indicate the intervention tested in the scale-up trial had a greater effect than 

it did in the efficacy trial; a value of 50% indicates the intervention tested in the scale-up trial 

was half as effective than it was in the efficacy trial, while values less than 0% (negative) 

indicate that the direction of effect of the intervention tested in the scale-up trial was opposite 

of the direction in the efficacy trial. Such analyses were described narratively. 

2.5.4 | Dealing with missing data  

Authors of included trials were also contacted to provide additional information if any 

outcome data were unclear or missing. Where necessary data was neither reported nor 

provided, we sought to calculate effect sizes from the available information. Specifically, the 

following calculations were performed: i) where BMI at follow-up for adult samples were not 

provided, mean BMI was estimated using mean weight at follow-up and mean height reported 

at baseline and standard deviation (SD) was imputed using the baseline BMI SD (HeLP-her 

trial); ii) where mean BMI values were either not reported but regression coefficients for 

change from baseline (i.e., Mend 7-13 scaled-up study),41 or change from baseline values 
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were provided (i.e., PALs-ATLAS efficacy trial),42 these values were used along with mean 

baseline BMI values to estimate mean BMI follow-up values and the SD imputed using the 

baseline BMI SD; iii) where mean BMI values were reported separately for sub-groups (i.e., 

by gender in DOiT)43 estimates were combined following recommended formula outlined in 

the Cochrane Handbook;24 and iv) where 95% CI were reported rather than SDs, the SD was 

calculated using recommended formula.44 

2.5.5 | Assessment of heterogeneity 

The I2 statistic and Chi2 tests for statistical heterogeneity were assessed for all meta-

analyses,45 with scored over 75% considered high.46 Due to the small number of prevention 

and treatment interventions identified, we did not explore heterogeneity via subgroup 

analyses. Statistical analyses were programmed using Stata v13.0 (StataCorp Ltd, College 

Station, TX). 

 

3| RESULTS 

The systematic database searched identified a total of 3,320 titles to screen for inclusion in 

this review (see Figure 1). 
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FIGURE 1. PRISMA diagram of included studies. 

 

Additionally, corresponding authors of 301 trials and eight key experts or representatives 

from relevant international organisations were contacted. From these searches, initially 21 

studies were identified as eligible, however 11 studies were subsequently excluded at the 

data-extraction phase for various reasons, details following. The efficacy trials for the 

PEACH QLD study47 and the Active-For-Life study48 reported within group improvement – 
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but no between group difference – on measures of weight status between the trial arms post-

intervention;49,50 Action Schools! BC,51 TXT2BFiT,52 and the YOG-Obesity53 studies found 

no significant difference on a measure of weight status in the pre-scale RCT; Camp NERF54 

had no available data for the pre-scale RCT; CHAT55 and PASOS had no follow-up outcome 

data (authors of these studies were contacted however no follow up data was able to be 

supplied);54-56 the original pre-scale trial of EPODE57 was a non-RCT design;57 Healthy and 

Vital58 did not include a measure of weight status, physical activity, or nutrition as its primary 

outcome measure; and finally, SHED-IT59 tested an additional component in the larger trial 

where both control and intervention arms received SHED-IT59 while the intervention arm also 

received a weight loss maintenance program. 

In total, 10 scaled-up interventions were included in this review. Supplement file 2 lists the 

studies describing the scaled-up intervention and the pre-scale randomised efficacy trials. 

3.1 | Characterises of included studies 

Table 1 (characteristics of included studies) provides information on the 10 included scaled-

up trials; four of which were conducted in Australia,60-63 two each from the United Kingdom 

(UK)41,64 and the United States of America (USA),65,66 and one each from New Zealand 

(NZ)67 and the Netherlands.40 

Two of the scaled-up interventions included women only (≥40 years old and 18- 40 years 

old),60,66 and one men only 30-65 years old.64 The remaining trials focused on parent/child 

dyads,41,62,65 preschool children (3-5 years old),61 children (6-11 years old),67 adolescents 

(aged 12-14 years),40 and adolescent boys (in their first year of high school, aged 

approximately 11-12 years old).63 
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Four scaled-up trials used before and after design,41,62,65,66 three cluster RCT,61,63,68 and one 

study each employed an RCT,64 historical comparison,67 or a cluster controlled 

implementation trial.40 Six studies40,60,61,63,65,67 were classified as obesity prevention programs, 

the other four41,62,64,66 were concerned with weight treatment (Table 1). Six40,60,61,63-65 of the 

ten scaled-up interventions were classified as effectiveness trials, and four41,62,66,67 as 

implementation or dissemination trials. 
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TABLE 1. Characteristics of included scaled-up interventions 

Author, Year, 
Country 
 
Intervention 
name 

Design 
 
Prevention/ 
Treatment 

Setting Population  Measures of weight status, 
physical activity/sedentary 
behaviour, and/or nutrition 
(What was measured and how) 

Follow up 
time points 

Key Findings Translation 
stage 

Obesity prevention interventions  
Smith, 2014, 
Australia63 
 
ATLAS 

Cluster RCT 
 
 
 
 

14 state-
funded 
secondary 
schools within 
low-income 
communities 
in NSW, 
Australia 

n = 361 Participants 
 
Eligibility: 
Adolescent boys in 
grade 7 (first year of 
secondary school) 

Height (cm); weight (kg); BMI 
(kg/m²); zBMI; waist circumference 
(cm); % body fat using bioelectrical 
impedance; physical activity using 
accelerometers; self-reported 
screen-time (Adolescent 
Sedentary Activity Questionnaire); 
sugar sweetened beverage intake (2-
item question); maximal strength 
(hand grip); muscular endurance 
(push-up); resistance training 
competency using video analysis 

Intervention 
completion 
(8 months 
from 
baseline) and 
18 months 
from 
baseline. 

Weight status: No significant intervention 
effect for body composition (i.e., BMI, waist 
circumference and body fat percentage). 
 
Physical Activity/Sedentary Behaviour: 
Significant improvements in upper body 
muscular fitness in the intervention group. No 
significant intervention effect for overall 
physical activity. 
 
Nutrition: Significant reduction in sugar-
sweetened beverage consumption in favour of 
the intervention.  

Effectiveness 

Van Nassau, 
2014, the 
Netherlands40 
 
DOiT 

Cluster-
controlled trial 
 
 

29 
Prevocational 
Dutch 
Secondary 
schools 

n = 1,486 
participants (29 
schools) 
 
Eligibility: 
Adolescents 12-14 
years of age 

Weight (kg); height (mm); BMI 
kg/m²; zBMI; waist circumference 
(cm); skinfold thickness 
measurements (mm); demographics, 
dietary and physical activity 
behaviour using adolescent 
questionnaires 

Intervention 
completion 
(20- months) 

Weight status: No significant intervention 
effect for measures of adiposity.  
 
Physical Activity/Sedentary Behaviour: 
Significant improvements in reported minutes 
of active transport in boys only (intervention 
subgroup). No significance overall, or in other 
measures of physical activity.  
 
Nutrition: Significant improvement in some 
intervention subgroups (i.e., reduced 
consumption of sugar-containing beverages in 
girls, and increased breakfast consumption in 
boys). No significance overall, or in other 

Effectiveness 
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measures of nutrition. 

Heerman, 2018, 
USA65 
 
Healthier 
Families 

Pre-post study 
 
 

Three Parks 
and 
Recreation 
Centres in 
three cities 
across the 
country 
(Michigan, 
Georgia and 
Nevada) 

n= 26 families 
 
Eligibility: Parent 
(English speaking, 
≥18 years of age) 
and child (3-5 years 
of age) dyads.  
 
 

RE-AIM components- reach 
(community representativeness); 
effectiveness (pre-post qualitative 
surveys examining changes in 
healthy behaviours that are 
upstream mediators to BMI [i.e., 
fruits/veggies per day, days of child 
PA> 30 minutes]); adoption 
(number of facilities implementing 
the program & surveys with 
administrators and staff); 
implementation (fidelity); and 
maintenance (using key-informant 
interviews and participating parent 
questionnaires) 

Intervention 
completion 
(12 weeks) 

Physical Activity/Sedentary Behaviour: 
Significant increase in the percentage of 
families meeting physical activity goals. No 
significant change in parent-reports of their 
child’s physical activity patterns. 
 
Nutrition: Significant increase in the 
percentage of families meeting healthy diet 
goals, and using healthy behaviour strategies 
(e.g., strategies to improve dietary intake). No 
significant change in parent-reports of their 
child’s diet patterns. 

Effectiveness 

Lombard, 2016, 
Australia60 
 
HeLP-her 

Cluster RCT 
 
 

41 rural 
Australian 
towns 

n= 649 participants 
 
Eligibility: Women 
18-50 years of age 
residing in an 
eligible town 

Height (cm); weight (kg); BMI; 
waist and hip circumference (cm); 
demographics, self-management, 
physical activity (international 
physical activity questionnaire; 
IPAQ long form), dietary intake 
(Cancer Council Australia Food 
Frequency Questionnaire) and 
health status (by Saelens et al.) 

Intervention 
completion 
(12 months) 

Weight status: Significant decrease in weight 
in favour of the intervention. No significant 
intervention effect for waist circumference or 
waist-hip ratio.  
 
Physical activity/Sedentary Behaviour: No 
significant intervention effect for physical 
activity.   
 
Nutrition: Significant increase in dietary self-
management in the intervention group. No 
significant intervention effect for diet quality. 

Effectiveness 

Hardy, 2010, 
Australia61 
 
Munch and 
Move 

Cluster Pre-
post 
randomised 
controlled trial 
 
 

29 Preschools 
in Sydney, 
NSW, 
Australia 

n = 430 participants 
(29 preschools). 
 
Eligibility: Children 
attending preschool 
in Sydney, Western 

Demographics using parent 
questionnaires; nutritional quality of 
children's lunches using lunch box 
audits; fundamental movement 
skills using Test of Gross 
Movement Development (TMGD-2) 

Pre- 
(May/June 
2008) and 
post-
intervention 
(November 

Nutrition: Significant decrease in sugar 
sweetened drinks provided in children’s lunch 
boxes compared with the control group. No 
significant intervention effect on other factors 
of lunch box nutritional quality. 

Effectiveness 
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Sydney and South 
Western Sydney 
 

checklist; preschool policies and 
practices using director interviews 
and staff questionnaires  

2008) 

Rush, 2014, NZ67 
 
Project Energize 

Compare 
results to 
historical 
comparison 
 
 

193 Primary 
schools in 
Waikato, New 
Zealand 

n = 4,804 
participants (193 
Primary schools) 
 
Eligibility: Younger 
Children ages 6-8 
years (n = 2,474) 
Older Children ages 
9-11 (n= 2,330) 
 
 

Height (cm); weight (kg); BMI 
(kg/m²); cardiorespiratory 
endurance using 550m run tests; 
parent reported ethnicity; 
socioeconomic status using school 
deciles from a national register 

2011 (up to 
six years of 
engagement) 

Weight status: No significant difference in 
weight and BMI.  
 
Physical Activity/Sedentary Behaviour: 
Significant decrease in time taken to complete 
550m run test  

Dissemination/ 
implementation 

Obesity treatment interventions  

Wyke, 2018, 
UK64 
 
EuroFIT 

RCT 
 
 

15 football 
clubs in the 
Netherlands, 
Norway, 
Portugal and 
the UK 
(England) 

n = 1,113 
participants 
 
Eligibility: Men 30-
65 years of age,  
Gender: Male 100%; 
BMI  ≥27 kg/m² 

Height (mm); weight; BMI; waist 
circumference; SBP and DBP; 
cardio-metabolic blood biomarkers; 
food intake; self-reported physical 
activity, sedentary time, wellbeing, 
self-esteem, vitality, and quality of 
life 

Post 
program and 
12 months 
from 
baseline 

Weight status: Significant improvement in self-
reported weight in favour of the intervention. 
 
Physical Activity/Sedentary Behaviour: 
Significant increase in step count in favour of 
the intervention. No significant intervention 
effect for time spent sitting.  
 
Nutrition: Significant improvement in self-
reported food intake in favour of the 
intervention.  

Effectiveness 

Hardy, 2015, 
Australia62 
 
Go4Fun 

Pre-post non-
controlled 
design 
 
 

15 local health 
districts across 
NSW 

n = 2,812 
participants 
 
Eligibility: Children 
ages 6-15 years, 
BMI ≥ 85th 
percentile and a 
parent/carer 

Height (m), weight (kg); BMI; 
zBMI; waist circumference (cm); 
waist to height ratios; lifestyle 
(physical activity, dietary habits, 
screen time) using parent 
questionnaires; cardiovascular 
fitness using validated 3-min step 
test with 1-min recovery heart rate; 

Intervention 
completion 
(10 weeks) 

Weight status: Significant improvement in 
BMI, zBMI, waist circumference and waist: 
height ratio. 
 
Physical Activity/Sedentary Behaviour: 
Significant improvement in measures of 
physical activity (i.e., increased moderate-
intensity physical activity, reduced screen time 

Dissemination/ 
implementation 
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self-esteem using a modified 
Rosenberg Self-Esteem scale  

and improved cardiovascular fitness).  
 
Nutrition: Significant improvement in daily 
servings of fruit and vegetables, and frequency 
of unhealthy food consumption. No significant 
change in understanding nutrition labels.  

Fagg, 2014, UK41 
 
MEND 7-13 

Intervention 
evaluation 
using 
prospective 
data 
 
 

All regions of 
England 

n = 13,998 
participants 
 
Eligibility: 
Overweight children 
7-13 years of age 
and a parent/carer 
 
 

Height; weight; BMI; zBMI; 
psychological distress using 
Strengths and Difficulties 
Questionnaire; self-esteem using a 
modified Rosenberg Self-Esteem 
scale; parent reported 
socioeconomic status and ethnicity 

Intervention 
completion 
(10 weeks) 

Weight status: Significant decrease in BMI and 
zBMI.  
 
 

Dissemination/ 
implementation 

Folta, 2015, 
USA41 
 
Strong Women- 
Healthy Hearts 

Pre-post-test 
within-
participants 
design 
 
 

22 American 
States  

n= 345 participants 
 
Eligibility: Women 
≥40 years of age, 
BMI  ≥24 kg/m², 
sedentary 
 

Leader and site characteristics and 
self-efficacy.  
 
RE-AIM components- reach (and 
representativeness); effectiveness 
(change in body weight [kg], fruit 
and vegetable consumption [5-A 
Day for better health 7-item 
screener], physical activity [IPAQ 
Short form]);  
adoption; implementation (including 
cost); and maintenance 

Intervention 
completion 
(12 weeks) 

Weight status: Significant decrease in weight. 
 
Physical Activity/Sedentary Behaviour: 
Significant increase in mean metabolic 
equivalent (MET)-minutes per week. 
 
Nutrition: Significant increase in daily fruit and 
vegetable consumption.  

Dissemination/ 
implementation 
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3.2 | Adaptation occurring as part of the scale-up process 

The most common type of adaptation for prevention programs (five40,60,61,63,65 of 

six)40,60,61,63,65,67 and obesity treatment interventions (three62,64,66 of four)41,62,64,66 were mode 

of delivery adaptations (Table 2, also see Supplement File 3 for description of adaptations). 

Mode of delivery adaptations included increases (four prevention),40,61,63,65 and reductions 

(three prevention,60,63,65 two treatment interventions)62,64 in the number of intervention 

element, in the frequency or duration of intervention contacts, or in the training and resources 

provided to those responsible for intervention delivery. Some trials included adaptations 

which increased some intervention elements while reducing the intensity of others (three 

prevention,40,63,65 one treatment intervention);64 and one treatment trial was judged to 

represent neither an increase nor reduction in intensity.66 In a number of instances, mode of 

delivery adaptions were quite substantial. For example, the DOiT scaled-up intervention 

consisted of 16 mandatory and three optional in-school lessons over two years compared with 

just 11 sessions over one year in the efficacy trial;40 and the HeLP-her scaled-up intervention, 

originally comprised of four group self-management sessions in the efficacy trial, reduced to 

one session.60 

While target audience adaptations were not evident in scaled-up obesity treatment 

interventions, they were present in three of the prevention interventions. These included 

changes in the delivery of interventions to population groups that differed based on their 

demographic characteristics, as well as a shift in those targeted to support delivery of the 

intervention.60,65,61 Cultural adaptations were made in one prevention65 and two treatment 

interventions:62,64 the language of delivery changed from Spanish (original) to English in 

Healthier Families,65  the Go4Fun program was adapted to reflect an Australian context,62 and 
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the content of EuroFIT was culturally-sensitised to reflect local physical activity and nutrition 

related norms for each country.64 Service setting adaptations were evident in four40,60,61,63 of 

six40,60,61,63,65,67 prevention and two62,66 of four41,62,64,66 obesity treatment programs. A number 

of other adaptations were made to support scaling-up, including the establishment of 

infrastructure to support large scale dissemination of programs. For example, MEND Central 

(a social enterprise responsible for assisting with intervention delivery) was established and 

considered important for national implementation support.41 The DOiT program established a 

support office with a dedicated recruitment employee, and promotional material and activities 

to facilitate dissemination.40 

TABLE 2. Adaptations made to efficacy trials prior to scaled-up for each intervention. 

Program  Adaptation for scale-up 
Service 
setting 

Target 
audience 

Mode of 
delivery 

Cultural Other 

Obesity prevention interventions 
ATLAS63 X  X  X 
DOiT40 X  X  X 
Healthier 
Families65 

 X X X X 

HeLP-her60 X X X  X 
Munch and 
Move61 

X X X   

Project 
Energize69 

    X 

Obesity treatment interventions  
EuroFIT64   X X X 
Go4Fun62 X  X X X 
MEND 7-1341     X 
Strong 
Women- 
Healthy 
Hearts66 

X  X  X 

 

3.3 | The effects of evidence-based obesity interventions following scale-up 
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3.3.1 | Weight status 

Significant improvements in weight relative to control were reported in the HeLP-her 

randomised trial.60 No other significant improvements were reported on any other measure of 

weight status for any of the other included prevention trials. Meta-analysis of BMI/zBMI 

from three prevention RCTs40,60,63 including data from 2,339 participants, found no significant 

benefit of scaled-up interventions relative to control (SMD= 0.03; 95%CI: -0.06, 0.12; p= 

0.510 - I2 = 0%) (Figure 2). 

All four treatment interventions,41,62,64,66 including one randomised trial,64 reported significant 

improvement on all measures of weight status included in these studies. Data could be 

combined for two trials only.41,62 Meta-analysis of BMI/zBMI from two pre-post trials 

assessing obesity treatment interventions found a significant benefit of scaled-up interventions 

relative to the pre-intervention assessment (SMD= -0.20; 95% CI: -0.30, -0.10; p< 0.001 - I2 = 

87.6%) (Figure 2). 
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FIGURE 2. Forest plot of standardised mean differences in BMI and zBMI scores in scaled-up trials by 

intervention purpose and study design 

 

3.3.2 | Physical Activity/Sedentary Behaviour 

For prevention trials, the impact of scaled-up interventions was mixed. Of the three 

randomised trials reporting physical activity/sedentary behaviour measures, none reported 

significant improvements in overall measures. However, improvements were reported for 

minutes of active transport (in boys only).40 Among the pre-post or historically controlled 

trials: the Healthier Families intervention found a significant increase in the percentage of  

families meeting physical activity goals set by the family while taking part in group 

sessions,65 but not children’s patterns of physical activity (measured in days of physical 

NOTE: Weights are from random effects analysis

.

.
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PALS - ATLAS

Subtotal  (I-squared = 0.0%, p = 0.986)
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Subtotal  (I-squared = 87.6%, p = 0.005)
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Female adults
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Pre-Post

Pre-Post

study design
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BMI z
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12

20

8

2.5

2.5
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(months) for

Follow-up

0.02 (-0.15, 0.20)

0.03 (-0.08, 0.14)

0.01 (-0.22, 0.24)

0.03 (-0.06, 0.12)

-0.25 (-0.28, -0.22)

-0.15 (-0.21, -0.08)

-0.20 (-0.30, -0.10)

SMD (95% CI)

23.67

62.23
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100.00

54.26

45.74

100.00

Weight

%

0.02 (-0.15, 0.20)

0.03 (-0.08, 0.14)

0.01 (-0.22, 0.24)

0.03 (-0.06, 0.12)

-0.25 (-0.28, -0.22)

-0.15 (-0.21, -0.08)

-0.20 (-0.30, -0.10)

SMD (95% CI)

23.67

62.23

14.10

100.00

54.26

45.74

100.00

Weight

%

  0-.304 0 .304
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activity greater than 30 minutes).Project Energize found significant reductions in time taken 

to run 550 metres67 favouring participants in the intervention group (Table 1). 

For three obesity treatment studies which measured physical activity/sedentary 

behaviour,62,64,66 significant improvements in step count and metabolic equivalent (MET) 

minutes per week were found for EuroFIT64 and StrongWomen-Healthy Hearts,41 

respectively. The third, Go4Fun,62 reported significant improvements in self-reported physical 

activity. No improvements, however, were reported for measures of sitting time in the 

randomised trial of the EuroFIT intervention.64 (Table 1). 

3.3.3 | Nutrition 

The effectiveness of scaled-up interventions in improving nutrition related outcomes were 

mixed. Among the five prevention trials reporting nutrition related outcomes,40,60,61,63,65 

three40,61,63 controlled trials reported significant effects on sugar sweetened beverages: via 

decreased inclusion in child lunchboxes in Munch and Move,61 reduced consumption in 

ATLAS,63 and reduced consumption for girls only in DOiT40. With the exception of improved 

breakfast intake among boys in the DOiT40 trial, no other measure of dietary intake improved 

significantly (Table 1). In the fourth RCT, the HeLP-her60 study, no significant intervention 

effects were observed for measures of diet quality. In the only non-randomised trial to include 

nutrition related outcomes, the Healthier Families65 intervention found a significant increase 

in the percentage of families meeting healthy diet goals, but not for parent reports of child’s 

diet patterns. 

Three obesity treatment studies measured nutrition.62,64,66 The only randomised trial to do so, 

EuroFIT,64 reported a significant improvement in self-reported food intake. Among trials of 

other designs, a significant increase in daily fruit and vegetable consumption was found for 
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Go4Fun62 and StrongWomen-Healthy Hearts.41 Go4Fun62 also reported a significant change 

in frequency of unhealthy foods consumed (Table 1). 

3.4 | Differences in effects established prior and following scale-up (scale-up penalty) 

One intervention did not include measures of the same outcomes across pre-scale efficacy 

trials and trials of scaled-up interventions,65 and one did not provide enough information to 

enable comparable assessment of effects.64 For those interventions which provided sufficient 

data, the effect size reported in the scaled-up trials were typically less than 75% that of the 

reported in efficacy trials (Table 3). 
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TABLE 3. Effectiveness of intervention pre and post scale-up with proportion of original effect size 

Post-scaled 
intervention 
name 

Effectiveness measures common to both interventions for weight status, physical activity/sedentary behaviour and nutrition* 
Pre-scale measure Post-scale measure Scale-up penalty: 

proportion (%) of the 
efficacy trial effect size 
achieved in the scaled-up 
trial of the intervention 
(effectiveness of scaled-
up/pre-scale) 

Obesity prevention interventions 
ATLAS63 RCT 

Mean between groups difference at 6 months follow-up 
Weight status 
Waist (Umb) (cm)                                   0.8, p= 0.23 
BMI (kg/m2)                                           -0.8, p<0.001 
BIA (body fat %)                                    -1.8, p= 0.04 
 
Physical Activity/Sedentary Behaviour 
Push-up test (reps)                                  1.7, p= 0.09 
 
Nutrition 
SSB consumption (250ml)                     -1.17, p = 0.02 

RCT 
Adjusted between groups difference at 8 months follow-up 
Weight status 
Waist circumference (cm)                 0.5+/-0.45 p=0.16 
BMI (kg/m2)                                      0.0 +/-1.2 p= 0.84 
Body fat %                                         0.0+/- 0.48 p=0.99 
 
Physical Activity/Sedentary Behaviour 
Push-ups (reps)                                   0.9 +/- 0.49, p=0.04 
 
Nutrition  
SSB consumption (glasses/day)          -0.6 +/- 0.26,p =0.01 

 
 
 
62.5% 
-^ 

-^ 
 
 
52.9% 
 
 
51.3% 

DOiT40 RCT 
Between group difference at 20 months follow-up 
Nutrition 
SSB consumption for girls (mL/day) at 20 months:          -88 

RCT 
Between group difference at 20 months follow-up 
Nutrition 
SSB consumption for girls (mL/day) at 20 months:    -188.2 

 
 
 
213.9% 

HeLP-her60 RCT 
Adjusted between group differences at 12 months follow-up 
 
Weight status 

RCT 
Adjusted between group differences at 12 month follow-up 
 
Weight status 
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Weight (kg):                                                     -1.13, p<0.05 
Waist circumference (cm):                              -1.51 
 
Physical Activity/Sedentary Behaviour 
Activity self-management:                               0.24, p<0.001 
 
Nutrition 
Energy (kJ/day):                                      -198 
Nutrition self-management:                     0.18, p=0.02 

Weight (kg):                                        -0.87, p=0.02 
Waist circumference (cm):                  -0.96 
 
Physical Activity/Sedentary Behaviour 
Activity self-management:                  0.06 
 
Nutrition 
Energy intake (kJ/day):                      -43 
Nutrition self-management:               0.08, p<0.05 

77% 
63.6% 
 
 
25% 
 
 
21.7% 
44.4% 

Munch and 
Move61 

Pre- post-intervention  
Adjusted between group differences at 12 months follow-up 
 
 
Physical Activity/Sedentary Behaviour 
FMS global score:                                   14.79, p<0.0001 

Cluster pre-post RCT 
Adjusted group between group differences at 6 months 
follow-up 
 
Physical Activity/Sedentary Behaviour 
FMS global score:                             5.33, p= 0.003 

 
 
 
 
 
36% 

Project 
Energize67 

RCT 
 
Adjusted between group differences at 2 years follow-up 
 
 
 
Weight status 
BMI SDS (younger):                              0.00, p= 0.96 
BMI SDS (older):                                   0.05, p= 0.29 

Compare results to historical comparison  
Same population as the original RCT  
Adjusted between group differences at the time of evaluation, 
schools had been enrolled from as few as six school terms 
(1.5 years) to as many as twenty-six school terms (6.5 years) 
Weight status 
BMI SDS (younger):                          -7.0 
BMI SDS (older):                               -4.4 

 
 
 
 
 
 
 
-^ 
-8,800% 

Obesity treatment interventions 
Go4Fun62 RCT 

Within subjects change 0-6 months follow-up 
 
 
Weight status 
Waist circumference (cm):                   -4.2, p<0.0001 

Pre-post non-controlled design 
Pre-post mean change in outcomes for all participants at 10 
weeks follow-up 
 
Weight status 
Waist circumference (cm):                -1.83, p<0.001 

 
 
 
 
 
43.6% 
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BMI (kg/m2):                                        -1.0, p<0.0001 
zBMI:                                                   -0.30, p<0.0001 
 
Physical Activity/Sedentary Behaviour 
Recovery heart rate (beats/min):           -17.9, p< 0.0001 

BMI (kg/m2):                                     -0.65, p<0.0001 
zBMI:                                                -0.11, p<0.001 
 
Physical Activity/Sedentary Behaviour 
Recovery heart rate (beats/min):       -4.64, p=0.002 

65% 
36.7% 
 
 
25.9% 

MEND 7-
1341 

RCT 
Within subjects change 0-6 months follow-up 
 
Weight status 
BMI (kg/m2):                                        -1.0, p<0.0001 
zBMI:                                                   -0.30, p<0.0001 

Pre-Post 
Regression coefficients for change in BMI and zBMI post 
intervention completion 
Weight status 
BMI (kg/m2):                                     -0.76, p<0.0001 
zBMI:                                                -0.18, p<0.0001 

 
 
 
 
76% 
60% 

Strong 
Women - 
Healthy 
Hearts66 

RCT 
Mean pre-post change for intervention group at 12 week follow-up 
 
Weight status 
Body weight (kg):                                 -1.8 
 
Nutrition 
Serves fruit and vegetables:                  0.2 

Pre-post-test within-participants design 
Post-intervention 12 week follow-up 
 
Weight status 
Body weight (kg):                                      -0.5, p<0.001 
 
Nutrition 
Serves fruit and vegetables:                         2.1, p<0.001 

 
 
 
 
27.8% 
 
 
1050% 

* p-values not presented if not provided in the citing manuscript 
^ Proportions cannot be reported as mathematical equation invalid 
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3.4.1 | Weight status 

Three prevention interventions60,63,67 provided comparable assessment of weight status 

measures across pre-scale efficacy and scaled-up trials. The proportion of the pre-scale effect 

size achieved in the scaled-up trials was highly variable across reported weight status 

measures, but were typically less than 80% of the effect achieved in pre-scale interventions. 

Pooled BMI/zBMI data from the three prevention trials found significantly lower effects 

among scaled-up intervention trials than those reported in pre-scale efficacy trials (SMD= -

0.11; 95% CI: -0.17, -0.04;p= 0.002 - I2 = 0%;) (Figure 3). 

Three weight treatment trials41,62,66 reported comparable weight status measures. The effects 

reported on these measures in scaled-up intervention trials were typically less than 75% of 

that reported in pre-scale efficacy trials. Pooled BMI/zBMI data from the two prevention 

trials found no significant differences between the effect of scaled-up and pre-scale efficacy 

trials (SMD= -0.11; 95% CI: -0.25, 0.04; p=0.147 - I2 = 0%). 
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FIGURE 3. Forest plot of differences in effect sizes observed between scaled-up trials and their corresponding 

efficacy trials by intervention purpose and design of scaled-up study. 

 

3.4.2 | Physical Activity/Sedentary Behaviour 

Three prevention60,61,63 and one weight treatment intervention62 provided comparable 

measures of physical activity/sedentary behaviour across efficacy and scaled-up trials. In all 

cases the effect sizes reported in scaled-up trials of the intervention were lower: between 53% 

and 25% of that achieved in pre-scale efficacy trials.  

3.4.3 | Nutrition 

Three prevention40,60,63 and one weight treatment intervention66 provided comparable 

measures of nutrition related outcomes across efficacy and scaled-up trials. The effect sizes 

NOTE: Weights are from random effects analysis
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reported in scaled-up trials of prevention interventions were variable but less than 55% of that 

achieved in pre-scale efficacy trials on all but one measure. The effect size on the nutrition 

measures in the scaled-up obesity treatment trial was higher than that in the pre-scale RCT.66 

3.5 | Risk of bias 

Using the EPHPP tool, 37 there were no studies assessed as being strong in quality, with two 

articles considered moderate in quality61,63 and the remaining eight assessed as weak in 

quality (Table 4).40,41,60,62,64-67 The quality ratings section related to study design and 

confounders achieved the most consistent number of strong ratings with four and five 

respectively. The quality ratings section related to selection bias and blinding of assessments 

resulted in the most consistent weak ratings, with eight and seven weak ratings respectively. 

Overall, the study quality was weak.
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TABLE 4. Risk of bias rankings based on the Effective Public Health Practice Project (EPHPP) Quality Assessment Tool for Quantitative Studies 

 Selection 
bias 

Study 
design 

Confounders Blinding Data collection 
methods 

Withdrawal 
and drop out 

Overall 
assessment 

Obesity prevention interventions 
ATLAS70 Weak Strong Strong Moderate Strong Strong Moderate 

DOiT40 Weak Moderate Strong Weak Strong Moderate Weak 

Healthier Families63 Weak Moderate Weak Weak Weak Moderate Weak 

HeLP-her68 Weak Strong Weak Strong Moderate Weak Weak 

Munch and Move61 Weak Strong Strong Moderate Weak Strong Moderate 

Project Energize67 Weak Moderate Strong Weak Moderate N/A Weak 

Obesity treatment interventions 
EuroFIT64 Moderate Strong Weak Weak Moderate Strong Weak 

Go4Fun62 Moderate Moderate Strong Weak Weak Strong Weak 

MEND 7-1341 Weak Moderate Moderate Weak Weak Moderate Weak 

Strong Women- Healthy Hearts Weak Moderate Weak Weak Weak Weak Weak 
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4| DISCUSSION 

To our knowledge, this is the first systematic review to examine the effects of obesity 

interventions that have been scaled-up. The review found a relatively small number of trials 

that varied in the types of interventions delivered, the reach of the scaled-up interventions, 

and the evaluation methods used to assess their effects. The review found that adaptations of 

interventions that had been trialled and found to be efficacious was common as part of the 

scale-up process, with all included studies reporting adaptations of some kind. Scaled-up, 

obesity treatment, but not prevention, interventions typically yielded significant 

improvements on measures of weight status. For both prevention and obesity treatment 

studies, relative to their preceding efficacy trials, there were substantial reductions in the 

effect size of interventions on measures of weight status, physical activity/sedentary 

behaviour, and nutrition outcomes reported for scaled-up trials. Specifically, the findings of 

scaled-up interventions typically represented less than 75% of the effect established in 

efficacy trials of the intervention. 

The key findings of the review are comparable with previous research in related fields. 

Diabetes Prevention Programs achieved significant improvement in measures of weight status 

following scale-up, however the effects of these were less than achieved in preceding trials.70 

Trials of other physical activity and nutrition interventions that have been scaled-up have 

reported mixed findings regarding their effects at scale, but are consistent in reporting 

reductions in the magnitude of any effects relative to preceding efficacy trials51,71 - findings 

similar to this review. While modest improvements are discernible for weight treatment 

interventions, evidence from this review suggest that current efforts to scale-up obesity 

prevention interventions may be unlikely to be having a beneficial impact on community 
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weight status. A number of frameworks exist to guide program scale-up,11,26,72,73 however, 

given the importance of delivering interventions at scale in achieving population level 

improvements in health, further research to better understand and improve scale-up methods 

that preserve the effect of interventions is required. 

All interventions were adapted before they were scaled-up. Interventions developed and 

trialled under optimal research conditions are often complex; intensive; delivered by experts; 

and require knowledge, skills, and resources that are not routinely available in more real-

world settings. As such, policy makers and practitioners often have to pare back the 

intervention to ensure it is more amenable for implementation in real world contexts, a 

process hypothesised as responsible for reducing the effectiveness of interventions (scale-up 

penalty). Adaptations that both increased and reduced the intensity of interventions, however, 

were evident in this review. Further, reductions in the effect size of prevention interventions 

were evident across all trials including those where substantial enhancement to the intensity 

of the intervention were made as part of the scale-up process.40,63 The existence of a scale-up 

penalty in these instances may be due to other factors. For example, difficulties in 

implementing the program, differences between study populations, or differences in trial 

methods between pre-scale efficacy trials and scaled-up trials of these interventions. Previous 

reviews of obesity research, for example, have smaller effect sizes among explanatory (i.e., 

efficacy) trials relative to trials employing more pragmatic methods.74  

A number of limitations of the review methods are worth particular consideration. While the 

review used comprehensive search methods (e.g., searches of electronic databases; contacting 

study authors, institutions and experts in the field; and cross referencing with existing reviews 

in the field), the emerging and varied terminology used in the field of implementation 
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science,75 including that related to scale-up, made the development of search terms difficult. It 

is possible, therefore, that not all eligible trials were identified. The identification of program 

adaptions was also a considerable challenge. Reports of interventions in published 

manuscripts are very brief and may often omit important details. While we conducted 

secondary searches of websites and related program publications for the interventions 

included in this review, it is likely that the reported adaptations do not represent a 

comprehensive description of adaptations that were undertaken. The use of existing tools76 by 

authors of scaled-up programs to ensure that sufficient detail to capture adaptations is 

recorded and reported would benefit the field. Similarly, few trials reported the same 

measures between efficacy and scaled-up trials, thus reducing the number of measures for 

which effects could be compared. While heterogeneity was low for most pooled analyses (I2 = 

0%), there was evidence of considerable heterogeneity in pooled analyses of scaled-up 

treatment interventions (I2= 87.6%). As such, the point estimate for this analysis should be 

interpreted with caution. Finally, to identify the scale-up of specific evidence-based programs 

we restricted our inclusion criteria to trials employing a randomised design that had been 

demonstrated to be efficacious on a measure of weight status following evaluation. 

Interventions that had been developed and delivered at scale based on the findings of prior 

non-randomised trials or systematic reviews were not included, limiting the generalisability of 

the review findings. 

5| CONCLUSIONS 

The findings underscore the challenges of delivering effective interventions at scale. 

Nonetheless, the review provides important information for policy makers and practitioners 

responsible for providing obesity prevention services. Specifically, the findings of the review 
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should enable a more realistic appraisal of the likely effects, and reduction in effects, of 

interventions delivered following scale-up – providing clearer eyes for decision making. 

Given the importance of implementation fidelity in achieving intervention effects, developing 

the science of implementation at scale17-19 and appraising the ‘scalability’ of interventions 

before investments are made to scale-up interventions should be considered priority areas for 

future work in this field.25  
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SUPPLEMENT FILE 1. Search strategy. 

Search topic Included search terms 
Scaled-up 
interventions 

Scaling-up OR scalability26 
 
("scaling-up" or "scaled-up" or "scale up" or "up-scaling" or 
"upscaling").ti,ab. 
(scalability or scalable or "at scale").ti,ab. 
(spread adj5 (innovation* OR intervention* OR technolog* OR 
practice OR care)).ti,ab. 
((bring* or brought or taking or take* or increas* or going or 
implement*) adj5 scale)).ti,ab.27 
 
scaled-up OR scale-up OR scaling-up OR scalability OR scalable 
OR reach OR expanding OR expandable OR expandability OR 
institutionalization OR institutionalisation OR roll-out OR 
rolling-out OR dissemination OR disseminating20 

Physical activity 21. exp exercise/ 
22. physical inactivity.mp. 
23. physical activity.mp. 
24. exp motor activity/ 
25. (physical education and training).mp. 
26. exp "Physical Education and Training"/ 
27. exp physical fitness/ 
28. sedentary.ab. or sedentary.ti. 
29. exp life style/ 
30. exp leisure activities/ 
31. exp walking/ 
32. exp sports/ 
33. exp dancing/ 
34. dancing.mp. 
35. exp exercise therapy/ 
36. (exercise$ adj aerobic$).tw. 
37. (physical$ adj5 (fit$ or train$ or activ$ or endur$)).tw. 
38. (exercis$ adj5 (train$ or physical$ or activ$)).tw. 
39. sport$.tw. 
40. walk$.tw. 
41. cycle$.tw. 
42. (("lifestyle" or life-style) adj5 activ$).tw. 
43. (("lifestyle" or life-style) adj5 physical$).tw. 
44. or/21-4328 
 
10. exp Exercise/ 
11. physical inactivity.mp. 
12. physical activity.mp. or Physical Activity/ 
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13. Motor Activity.mp. 
14. (physical education and training).mp. 
15. Physical Education/ 
16. Physical Fitness/ 
17. sedentary.mp. 
18. exp Lifestyle/ 
19. leisure time/ or recreation/ 
20. exp Sports/ 
21. Dance/ 
22. (exercise* adj2 aerobic*).mp. 
23. sport*.mp. 
24. ((life style or lifestyle) adj5 activ*).mp. 
25. (dance* or dancing).mp. 
26. or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 
21 or 22 or 23 or 24 or 2517 
 
physical activity OR physically active OR physical inactivity OR 
physically inactive OR fitness OR exercis* OR sport* OR walk 
OR walking OR sedentary OR sitting OR television OR TV OR 
screen time OR screen-time OR active transport* OR active 
transit OR active travel OR commut* OR active commuting OR 
bicycle OR bicycling OR bike OR biking OR active living OR 
active-living20 
 
MeSH terms 
Human Activities [I03] 
Exercise [I03.305]29 

Nutrition 27. exp Nutrition/ 
28. nutrition*.mp. 
29. (health* adj2 eat*).mp. 
30. Child Nutrition Sciences/ 
31. Fruit/ or fruit*.mp. 
32. Vegetables/ or vegetable*.mp. 
33. canteen*.mp. 
34. Food Services/ 
35. menu.mp. 
36. (calorie or calories or kilojoule*).mp. 
37. Energy Intake/ 
38. energy density.mp. 
39. Eating/ 
40. Feeding Behavior/ or feeding behaviour.mp. 
41. nutritionary intake.mp. 
42. Food Habits/ 
43. Food/ 
44. Carbonated Beverages/ or soft drink*.mp. 
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45. soda.mp. 
46. sweetened drink*.mp. 
47. Nutritionary Fats/ 
48. confectionary.mp. 
49. (school adj2 (lunch* or meal*)).mp. 
50. Menu Planning/ 
51. feeding program*.mp. 
52. food program*.mp. 
53. (nutrition* adj2 program*).mp. 
54. cafeteria*.mp. 
55. Nutritional Status/ 
56. 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 
or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 
or 49 or 50 or 51 or 52 or 53 or 54 or 55 
57. 9 or 26 or 5617 
 
MeSH terms 
Healthy Nutrition [F01.829.458.205.500] 
Nutrition [G07.203.650.240]29 

Obesity #1 MeSH descriptor Overweight explode all trees 
#2 MeSH descriptor Body Weight, this term only 
#3 (obes* or overweight or over-weight) 
#4 MeSH descriptor Body Weight Changes explode all trees 
#5 (weight near/2 (loss or lost or losing or reduc*)) 
#6 (weight near/2 (gain* or increas*)) 
#7 MeSH descriptor Body Fat Distribution explode all trees 
#8 MeSH descriptor Body Mass Index explode all trees 
#9 MeSH descriptor Skinfold Thickness explode all trees 
#10 MeSH descriptor Waist-Hip Ratio explode all trees 
#11 ("body weigh*" or bodyweigh* or "body mass*" or 
bodymass or "body fat*" or bodyfat*) 
#12 MeSH descriptor Overnutrition, this term only 
#13 (overeat* or over-eat* or overnourish* or over-nourish* or 
overnutrit* or over-nutrit*) 
#14 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 
OR #10 OR #11 OR #12 OR #13)30 
 
1. exp Obesity/ 
2. exp Weight Gain/ 
3. exp Weight Loss/ 
4. obes$.af. 
5. (weight gain or weight loss).af. 
6. (overweight or over weight or overeat$ or over eat$).af. 
7. weight change$.af. 
8. ((bmi or body mass index) adj2 (gain or loss or change)).af. 
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9. or/1-831 
 
1. exp obesity/ 
2. Weight Gain/ 
3. exp Weight Loss/ 
4. obes*.mp. 
5. (weight gain or weight loss).mp. 
6. (overweight or over weight or overeat* or over eat*).mp. 
7. weight change*.mp. 
8. ((bmi or body mass index) adj2 (gain or loss or change)).mp. 
9. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 817 

Study design 71. randomized controlled trial.pt.  
72. controlled clinical trial.pt.  
73. randomized.ab.  
74. randomised.ab.  
75. clinical trials as topic.sh.  
76. randomly.ab.  
77. trial.ti.  
78. doubleblind.ab.  
79. singleblind.ab.  
80. experiment*.mp.  
81. (pretest or pre test).mp.  
82. (posttest or post test).mp.  
83. (pre post or prepost).mp.  
84. Before after.mp.  
85. (Quasi-randomised or quasi-randomized or 
quasi-randomized or quazi-randomised).mp.  
86. stepped wedge.mp.  
87. Preference trial.mp.  
88. Comprehensive cohort.mp.  
89. Natural experiment.mp.  
90. (Quasi experiment or quazi experiments).mp.  
91. (Randomised encouragement trial or 
randomized encouragement trial).mp.  
92. (Staggered enrolment trial or staggered enrollment trial).mp.  
93. (Nonrandomised or non randomised or nonrandomized or 
non randomized).mp.  
94. Interrupted time series.mp.  
95. (Time series and trial).mp.  
96. Multiple baseline.mp.  
97. Regression discontinuity.mp.  
 
Or/17-9777 
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SUPPLEMENT FILE 2. List of included scale-up intervention trials and their pre-scale 

efficacy trials. 

Pre-scale intervention name Scaled-up intervention name 
StrongWomen - Healthy Hearts78 StrongWomen - Healthy Hearts66 
HeLP-her68 HeLP-her60 
Salud Con La Familia (Health with the 
Family)79 

Healthier Families65 

MEND80 MEND 7-1341 
MEND80 Go4Fun62 
Project Energize69 Project Energize67 
Tooty Fruity Vegie81 Munch and Move61 
DOiT43 DOiT40 
PALS42 ATLAS63 
FFIT82 EuroFIT64 
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SUPPLEMENT FILE 3. Description of intervention adaptations. 

Program Pre-scale intervention description Adaptation of intervention for scale-up 
Obesity prevention interventions 

ATLAS63 A multi-component school-based intervention that aimed to help adolescent boys 
become physical activity leaders The six month intervention was delivered by 
male teaching staff at each school and consisted of: a) ten, 90-minute self- and 
teacher- directed physical activity sessions focused on resistance training; b) 
three, 30-minute interactive seminars addressing health behaviours and 
leadership delivered by research team members; c) eight, 30-minute self-directed 
lunch-time physical activities; d) physical activity and nutrition handbooks; e) 
six, 30-minute leadership sessions where participants mentored younger students 
in resistance training technique; and f) pedometers for goal setting and self-
monitoring.  

1. Addition of parent encouragement to manage their children’s recreational screen-time 
(Service setting adaptation).  

2. Physical activity sessions increased in frequency from 10 to 20; physical activity 
sessions provided a greater variety of activities and a greater focus on movement skill 
development; interactive seminars decreased in duration from 30 minutes to 20 minutes; 
and lunch time physical activity sessions decreased in frequency from eight to six sessions. 
Further, the scaled-up intervention included a smartphone application (app) and website 
designed to supplement the delivery of the enhanced school sport and interactive sessions 
(Mode of delivery adaptations). 

3. Reducing screen time added as a key intervention focus, whereas the pre-scale key areas 
of focus were promoting physical activity, healthy nutrition and leadership (Other 
adaptation). 

DOiT40 A multicomponent school-based health promotion intervention that aimed to 
improve body composition and health behaviours in Dutch adolescents. The 
intervention took place over one school year and consisted of an individual 
component (i.e., educational program coverage through 11 in-school lessons) and 
an environmental component (i.e., school-specific advice such as offering 
additional PE classes and healthy changes to school cafeterias). Target 
behaviours included consumption of high-energy snacks and beverages, physical 
activity, and screen-viewing behaviour. 

1. Changed source of program funding from a national grant to funding facilitated through 
a national database. Also added parent engagement through an information book, 
information on the website, an optional parent meeting, and assignments to work on 
collaboratively with their adolescent (Service setting adaptations). 

2. The scaled-up intervention consisted of 16 mandatory and three optional sessions over 
the course of two school years (compared with 11 sessions over the course of one school 
year in the pre-scale); and was supported by a five-minute instruction video, teacher 
manual and website resources to guide teacher implementation (Mode of delivery 
adaptations). 

3. Addition of a support office with a dedicated recruitment employee, and promotional 
material and activities; contact with health promotion professionals added as strategies to 
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facilitate school engagement and recruitment; and addition of another target behaviour: 
daily breakfast consumption (Other adaptations). 

Healthier 
Families65 

A culturally tailored, family-centered short-term behavioural intervention that 
aimed to reduce the BMI of Latino-American preschool-aged children. The 12 
week intervention consisted of weekly, 90-minute small-group sessions, 
delivered in Spanish by a single trained facilitator in a community recreation 
centre. Both parents and children engaged in the skill-building activities to 
promote healthier family behaviours (i.e., improved nutrition, increased physical 
activity, and decreased sedentary behaviour). 

1. Changed target population from Latino-American preschool children to English 
speaking preschool children (Target audience adaptation). 

2. Group session duration decreased from 90 minutes to 60 minutes, and multiple, rather 
than a single, facilitator were used for intervention delivery. Further, training modules for 
facilitators were enhanced to include an online component and emphasis on facilitation and 
behaviour change techniques (Mode of delivery adaptation). 

3. The language of delivery changed from Spanish (original) to English (scaled-up) 
(Cultural adaptation). 

4. Community partnership were established prior to the scaled-up intervention and a pre-
implementation assessment undertaken to identify feasible/interested parks and recreation 
centres to implement the program (Other adaptations). 

HeLP-
her60 

A self-treatment intervention that aimed to prevent weight gain in women with 
young children. The one year program consisted of: a) one 60 minute group 
session during weeks one, two, three and 16 delivered by the same trained 
facilitator (a nutritionitian) at the local primary school, with a focus on behaviour 
change skills for nutrition and physical activity; b) provision of a pedometer to 
self-monitor physical activity; and d) follow up support via monthly text 
messages from week four to 52 personalised by name. Participants were 
encouraged to take part in low intensity voluntary physical activities and regular 
self-weighing. 
 

1. Changed to multiple, rather than a single, trained facilitators to lead group intervention 
exercises. Facilitators were also trained and required to have a tertiary qualification (but not 
specifically in nutritionetics) in health sciences (Service setting adaptations). 

2. Changed target population from women with a child attending primary school to women 
aged 18-50 years residing in or near a participating town (Target audience adaptation). 

3. Changed from four group sessions, to only one group session combined with a manual 
and a 20 minute telephone coaching session (Mode of delivery adaptation). 

4. Addition of theoretical influences of motivational interviewing, as well as a 
communication plan and engagement framework to ensure multilevel engagement across 
communities and program implementation (Other adaptations). 

Munch 
and 

A preschool-based intervention that aimed to improve Fundamental Movement 
Skills, increase fruit and vegetable intake, and reduce intake of unhealthy snack 

1. Changed funding providers and stakeholders from a joint Australian, State and Territory 
government initiative (pre-scale intervention) to a state government funded program 
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Move61 items for preschool aged children. The 10 month intervention consisted of twice-
weekly Fundamental Movement Skill development; small sports equipment 
grant; parent workshops, newsletters and a DVD; playground environment 
review and alterations; nutrition policies; posters to improve health of food, staff 
role-modelling healthy eating, and accessible drinking water. Health 
professionals employed by local health services, preschool staff or parent 
volunteers delivered these various program components.  

(Service setting adaptation). 

2. Changed the audience of focus from pre-school staff, parents and children, to solely pre-
school staff in the scaled-up intervention. . (Target audience adaptation) 

3. Addition of a one-day professional development workshop for preschool staff, parent 
workshops, newsletters and DVDs were removed (Mode of delivery adaptation). 

Project 
Energize69 

A school-based intervention that aimed to improve childhood obesity and 
cardiovascular health in primary school children. The intervention was delivered 
by an  'Energizer'; a trained employee of a Regional Sports Trust who worked 
with 8-10 schools as an agent of change to achieve school-specific health goals 
through facilitating within-school changes (e.g., modification to food provided by 
canteens', in class physical activities, newsletter health updates, parent 
information sessions, etc.) and accessing regional initiatives. 

1. More Energizers were required to deliver the scaled-up intervention (27 compared with 
11 in the pre-scale), and each were assigned a greater number of schools (8-12 compared 
with 8-10 in the pre-scale) (Other adaptation). 

1. Obesity treatment interventions 

EuroFIT64 A gender-sensitised, group-based weight loss and healthy living intervention for 
male fans in Scottish professional football clubs. The 12 month intervention was 
conducted in two phases. The first, a 12 week active phase, involved weekly 90 
minute classroom and physically active group sessions delivered by community 
coaching staff at the club's home stadium. Coaching staff were employed by the 
local football clubs and received two days of training by the research team. The 
second maintenance phase, involved a six month group reunion and six email 
prompts over the course of nine months.  

1. Novel technologies were added for self-monitoring and to promote competition, and 
email prompts were removed (Mode of delivery adaptation). 

2. Content was culturally-sensitised for each country to reflect local physical activity and 
nutrition norms (Cultural adaptation). 

3. A consortium was established for implementation, sedentary behaviour was added as a 
focus of interest, and weight loss was removed as a core focus (Other adaptation). 

Go4Fun62 As described above for MEND 7-13 
 

1. The scaled-up intervention was managed and funded by New South Wales (Australia) 
Ministry of Health (Service setting adaptation). 

2. Facilitator training was reduced from four days of in-person training, to two days of in-
person plus online training. (Mode of delivery adaptation). 
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3. MEND was translated to reflect an Australian context (Cultural adaptation). 

4. Implementation took place progressively by local health services and intervention was 
marketed to assist with program enrolment (Other adaptation).  

MEND 7-
1341 

A multicomponent family-based childhood obesity intervention. The six month 
intervention consisted of 18, two-hour group sessions delivered in a community 
setting twice a week over nine weeks, followed by a 12 week free family swim 
pass at a local community pool. Two MEND leaders and an assistant delivered 
group sessions which focused on nutrition education, behaviour change and 
exercise. Eight to 15 parent-child dyads and their siblings composed each group. 
MEND leaders received four days of training and identical materials including 
detailed methods for group sessions to ensure standardized delivery. 

1. MEND Central was established and considered important for national implementation 
support (Other adaptation). 

Strong 
Women- 
Healthy 
Hearts66 

A community-based intervention with the aim to reduce the risk of 
cardiovascular disease in middle age overweight/obese women. The 12 week 
intervention consisted of 24 group sessions, delivered twice weekly by an 
educator trained by research staff. Each one hour session involved a 30 minute 
physical activity component and a 30 minute nutrition component. Study 
personnel at each site observed one class to assess intervention fidelity. 

1. Educators recruited from/using a different organization (Service setting adaptation).  

2. Educators were trained through a workshop that consisted of a series of seminars on all 
program aspects as opposed to training by the research staff in the pre-scale (Mode of 
delivery adaptation).   

3. Nutrition guidelines used in the intervention changed to be consistent with the American 
Heart Association guidelines and the 2010 Nutrition Guidelines for Americans. The pre-
scale intervention use general healthy eating practices without a specified information 
source (Other adaptation). 
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