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Context: Public health nutrition interventions shown to be effective under optimal
research conditions need to be scaled up and implemented in real-world settings.
Objectives: The primary aim for this review was to assess the effectiveness of
scaled-up public health nutrition interventions with proven efficacy, as examined in
a randomized controlled trial. Secondary objectives were to: 1) determine if the ef-
fect size of scaled-up interventions were comparable to the prescale effect, and; 2)
identify any adaptations made during the scale-up process. Data sources: Six elec-
tronic databases were searched and field experts contacted. Study selection: An
intervention was considered scaled up if it was delivered on a larger scale than a
preceding randomized controlled trial (“prescale”) in which a significant interven-
tion effect (P� 0.05) was reported on a measure of nutrition. Data extraction:
Two reviewers independently performed screening and data extraction. Effect size
differences between prescale and scaled-up interventions were quantified.
Adaptations to scale-up studies were coded according to the Adaptome model.
Results: Ten scaled-up nutrition interventions were identified. The effect size differ-
ence between prescale trials and scaled-up studies ranged from –32.2% to 222%
(median, 50%). All studies made adaptations between prescale to scaled-up inter-
ventions. Conclusion: The effects of nutrition interventions implemented at scale
typically were half that achieved in prior efficacy trials. Identifying effective scale-up
strategies and methods to support retainment of the original prescale effect size is
urgently needed to inform public health policy. Systematic Review Registration:
PROSPERO registration no.CRD42020149267.
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INTRODUCTION

Poor dietary intake, including the overconsumption of
foods high in energy, saturated fat, salt, and sugar, and

suboptimal intake of fruit, vegetables, and fiber, are
leading causes of noncommunicable diseases interna-

tionally.1,2 Poor dietary intake accounts for > 11 million
deaths globally per year and is linked to a variety of pre-

ventable diseases, such as cardiovascular disease, cancer,
type 2 diabetes, and stroke.3–5 Given that 1 in 5 deaths

could be averted by improving dietary intake,2 public
health nutrition interventions that align population-

level consumption with dietary guidelines have been
recommended across all age groups.2 Specifically, com-

munity- and settings-based intervention approaches to
improve dietary intake have been suggested to be par-

ticularly beneficial because they provide opportunities
for repeated exposure reaching large numbers of

people.6

Decades of research have identified a range of ef-

fective community- and settings-based interventions to
improve dietary intake to prevent chronic disease.7,8

There are now numerous systematic reviews of school-
and childcare-based nutrition interventions9,10 and

reviews of public health nutrition interventions con-
ducted in community settings, including workplaces,11

sporting clubs,12 and places of worship, that have dem-
onstrated improvements in dietary intake aimed at pre-
venting chronic dieases.13 Despite the plethora of

evidence-based public health nutrition interventions
targeting chronic disease prevention, interventions that

are effective under ideal research conditions offer little
benefit to population health unless they are scaled up.14

Scale-up is defined by the World Health Organization
as “deliberate efforts to increase the impact of health

service innovations successfully tested in pilot or experi-
mental projects to benefit more people and to foster

policy and program development on a lasting basis.”15

Although governments16 and international agen-

cies recommend scaling-up evidence-based public
health interventions at a population level,6 few effective

interventions are ever delivered to large numbers in the
population. Consequently, effects of dietary interven-

tions targeting chronic disease prevention when deliv-
ered at scale are largely unknown.17 For example, a

2018 systematic review of scaled-up public health inter-
ventions targeting all chronic disease risk factors (eg,

smoking, alcohol, nutrition, physical activity, weight)
across all ages and settings identified just 40 scaled-up

interventions globally.18 Of these, 55% followed a com-
prehensive scale-up pathway including phases involving

efficacy and effectiveness testing18 despite not following
the recommended scientific pathway to warrant public

health investment.18

Of concern, findings of a recent review demon-

strate that scale-up trials often fail to generate the effect
size achieved in their prescale efficacy trial, which, in

turn, often results in limited effect when delivered in
the population of interest.19 This phenomenon has been

termed as a scale up penalty or voltage drop.20 One rea-
son for this observed penalty may be due to the adapta-
tions that are typically undertaken as part of the scale-

up process to increase fit of evidence-based interven-
tions to the needs of the users and the delivery con-

text.21 For example the mode of delivery, dose
delivered, target audience, or setting may all be adapted

in the scale-up process. A 2019 systematic review of 10
obesity prevention and management trials, for example,

demonstrated that adaptations occurred in all cases be-
tween the original, efficacious prescale trial and the

scale-up of the intervention and resulted in a 25%
“scale-up penalty or voltage drop”22,23 whereby the

effects of interventions are reduced after scale-up.19

Given this, it is critical to assess the effect size of

interventions delivered at scale and determine whether
significant investments in their implementation are

achieving the intended benefits to the community. In
addition, comparing the effects of interventions deliv-

ered at scale with those achieved during trials to estab-
lish their efficacy (prescale) is useful to assess the extent

to which adaptations as part of the scale-up process
may influence effectiveness. This information is impor-

tant for community-based nutrition research to allow
policy makers to appraise the likely impact of interven-

tions delivered at scale before significant investments in
their population-wide delivery occur.

To our knowledge, the literature regarding the
effects and/or adaptations of scaled-up nutrition inter-

ventions specifically targeting chronic disease preven-
tion in community settings have not been subject to a

systematic evidence synthesis. As such, uncertainty
remains regarding the type of adaptations typically

made to an intervention as it transitions from a con-
trolled research environment to a large-scale-real world
enterprise, the potential real-world impact of such ini-

tiatives, and the magnitude of any scale-up penalty. In
this systematic review, we address this evidence gap for

community-based interventions directed at dietary
behaviors. Such findings will be useful for public health

practitioners and policy makers, and contribute relevant
evidence to guide the delivery of nutrition interventions

at scale.

AIMS AND OBJECTIVES

The primary aim for this review was to assess the effec-
tiveness, when scaled up, of public health nutrition

interventions with proven efficacy as examined in a
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randomized controlled trial (RCT). Specifically, the

objectives were to:

• assess the effects of evidence-based health promotion

interventions targeting the prevention of chronic dis-

ease on measures of nutrition after scale-up;

• describe differences in effects of interventions targeting

the prevention of chronic disease established before

and after scale-up (scale-up penalty) for study pairs

with directly comparable measures of nutrition; and

• describe the types of adaptations made to the nutrition

intervention as part of the scale-up process.

METHODS

To address the study aims, a systematic search was un-
dertaken of peer-reviewed and grey literature, on the

basis of an existing review conducted by McCrabb
et al.19 Review methods were developed in accordance

to the Cochrane Handbook for Systematic Reviews of
Interventions version 5.1.0,24 and has been registered

with PROSPERO, the international prospective register
for systematic reviews (registration no.

CRD42020149267). This systematic review was con-
ducted and reported in accordance to the Preferred

Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Supplementary

Material in the Supporting Information online).25

Search strategy

To identify published peer-reviewed literature, a sys-
tematic search strategy was undertaken in September

2019 of the following electronic databases: MEDLINE,
Embase, PsycINFO, Cochrane Central Register of

Controlled Trials, CINAHL, and Education Resources
Information Center. Search terms to identify scaled-up

interventions were developed on the basis of terminol-
ogy used in previous reviews,26–28 combined with pub-
lished search filters for nutrition and study design.29,30

We did not impose any language or time restrictions on
the searches. Because this review was embedded within

a series of systematic reviews evaluating the effective-
ness of scaling up obesity,19 physical activity,31 and nu-

trition interventions targeting the prevention of chronic
disease, and because obesity and physical focused inter-

ventions also often include a dietary component, the
search strategy also included obesity- and physical ac-

tivity–related terms. Studies that included nutrition as a
primary or secondary outcome were filtered during the

full-text screening process and included in this review.
Search terms are listed in Table S1 in the Supporting

Information online.

In addition to electronic databases, we searched for

relevant published, unpublished, and grey literature in
the following ways. We contacted corresponding

authors of studies about interventions who were identi-
fied during full-text screening and whose interventions,

which, if scaled up, would have been eligible for inclu-
sion to confirm 1) if their intervention had been subse-
quently scaled-up, and 2) whether the effects of the

scale-up had been evaluated. We contacted correspond-
ing authors of trials included in key systematic reviews

by email to assess their knowledge of whether an inter-
vention had been subsequently scaled up and if the

effects of the intervention following scale-up had been
evaluated. We also checked if studies included in pro-

cess and outcome reports of health promotion interven-
tions that were scaled up were eligible for inclusion in

this review. Key individuals were contacted from the
World Health Organization; the World Health

Organization Collaborating Center for Physical
Activity; Nutrition and Obesity; the New South Wales

Ministry of Health; the National Cancer Institute,
National Institutes of Health; and we made general

enquires at Public Health England and the Division of
Nutrition, Physical Activity, and Obesity at the Centers

for Disease Control and Prevention to request if they
were aware of any other trials that could be eligible for

inclusion in this review. Trials identified as potentially
eligible, using provided contacts, were assessed by the

review team.

Criteria for including and excluding studies

Types of study designs We included pairs of studies (a
prescale trial and a scaled-up study) that fit the follow-

ing criteria: 1)
The prescale trial (ie, “efficacy trial”) was an RCT

with established statistical significance (eg, P�0.05) for
at least 1 outcome measure of participants’ dietary in-

take (primary or secondary outcome); and 2)
the scale-up study was intentionally delivered on a

larger scale (eg, to a larger number of participants) than

the prescale trial, and included at least 1 outcome mea-
sure (primary or secondary) of participants’ dietary in-

take consistent with the prescale trial so outcome could
be compared before and after scale-up (eg, fruit and/or

vegetable intake [F&V]; discretionary foods or energy-
dense nutrient-poor [EDNP] foods; sugar sweetened

beverages [SSB]). The scaled-up study could be of any
design (including randomized, controlled, before-and-

after trials; and noncontrolled before-and-after
designs).

Prescale trials and the scaled-up studies were linked
using forward and/or backward searching from those

identified in the search, using the citation search on
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Medline. Data were extracted from paired efficacy trial

and scaled-up studies in this review. Studies published
in the peer-reviewed and grey literature were eligible

(Table 1).

Population Eligible trials targeted children, adolescents,
or adults in a community nonclinical setting that aimed
to improve participant dietary intake (eg, preschool,

childcare service, school, workplace, sport and recrea-
tion facilities, general community). Trials recruiting

participants on the basis of preexisting medical diagno-
sis or obesity-related comorbidities (eg, high blood

pressure, high cholesterol level, diabetes, allergies, eat-
ing disorders) were excluded. Studies conducted in clin-

ical settings such as hospitals or general practices were
excluded.

Types of interventions Trials were included if the

researchers intentionally sought to deliver an interven-
tion to a population on a larger scale (eg, a greater num-

ber of individuals or settings in the target population),
than the preceding RCT that established its efficacy and

target dietary intake (as a single or multicomponent
study) of the individuals within the setting as a primary

or secondary outcome. The scaled-up study needed to
be a progress along translation pathway (eg, efficacy, ef-

fectiveness, implementation, dissemination, institution-
alization) from its previous prescale trial that

established it efficacy. As a result, we excluded scale-up
trials where the primary purpose was replication. There

were no criteria regarding the absolute or relative in-
crease in scale required of scaled-up evaluations. Thus,

scaled-up interventions that were delivered to more of
the target population but included fewer participants in

the evaluation relative to the prescale trial were in-
cluded (eg, more schools but evaluation included fewer

students). Vertically scaled (ie, introduced across a
whole system at the same time, as with a mandated pol-

icy or practice), horizontally scaled (ie, gradually intro-
duced across different sites or groups over time, as with
a phased implementation), and scaled-out interventions

were included.32 Scaled-out interventions included
those delivered to new populations and/or were reached

through a new delivery system from those in the effi-
cacy trial.32

Scaled-up studies were categorized as effectiveness
(ie, evaluating the effectiveness of an program or inter-

vention in a real-world setting), implementation (ie,
evaluating strategies to enhance the uptake or adoption

of an evidence-based program or intervention in a spe-
cific setting), or dissemination (ie, evaluating the tar-

geted distribution of a program or materials to a
specific public health or clinical practice audience) stud-

ies.18 Evaluations were excluded if their primary

purpose was to replicate interventions in the same

translation phase (ie, an efficacy trial conducted to rep-
licate findings of a prior efficacy trial).18 Although the

prescale trial needed to demonstrate efficacy for at least
1 measure of dietary intake using an RCT design, as rec-

ommended for establishing intervention effectiveness,18

the scaled-up evaluation could use a randomized de-
sign, a nonrandomized design, or designs without a

control group, because assessment of effects at scale us-
ing an RCT is often not feasible or appropriate.

Types of outcome measures Outcome measures of inter-
est included any measure of dietary intake. Such meas-

ures could be derived from any data source, including
objective measures (eg, biomarker assessments), self-

reported measures (eg, food frequency questionnaire
[FFQ], short diet questionnaire), proxy measures (eg,

lunchbox audits, purchasing data), or direct
observations.

Study selection, data extraction, and data analysis

Selection of studies Pairs of reviewers not blinded to the

author or journal information independently screened
titles and abstracts of all studies. Where required,

Google Translate was used to assess the eligibility of
abstracts not published in English. Full-text articles

were obtained for eligible studies or studies that could
not clearly be excluded on the basis of study title and

abstract. Full-text article inclusion was decided via con-
sensus between reviewer pairs. When consensus could

not be reached (n¼ 3 instances), eligibility was dis-
cussed with a third reviewer to determine final inclu-

sion. The primary reason for exclusion of full-text
manuscripts was recorded.

Data extraction and management Pairs of authors of the
present review independently extracted data in dupli-

cate from included studies. Data extractors were un-
blinded to author and journal information. When
discrepancies between reviewers could not be resolved

by consensus, a third reviewer was consulted for final
decision-making. Data extraction from each pair of in-

cluded studies (ie, the RCT that established efficacy and
the scaled-up evaluation) related to the following: 1)

study characteristics (ie, country, year of publication,
sample population and size, study design, trial measures

and outcomes, including the reporting of any economic
evaluation); 2) the translation stage of each intervention

per criteria described by Indig et al18 (ie, efficacy, effec-
tiveness, implementation, or dissemination); 3) the na-

ture of any adaptations made for the scale-up trial using
a modified Adaptome model33; 4) any measure of die-

tary intake reported using the same measure across
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both trials to enable assessment of study quality and

meta-analysis; and 5) study risk of bias.

Data synthesis

The characteristics of the included scaled-up studies

and their classification as either effectiveness, imple-
mentation, or dissemination studies, based on the scale-

up pathways described by Indig et al,18 are included in
Table 3.

The effect of evidenced-based nutrition interventions after

scale-up The effects of all interventions included in the
review were narratively synthesized. Meta-analysis of

nutrition outcomes were not undertaken, because of the
large heterogeneity in reported dietary outcomes in-

cluded across studies. Scaled-up studies were catego-
rized as F&V, EDNP foods, SSBs, and other, according

to the nutrition outcome targeted. Interventions were
reported as effective if the scaled-up study indicated a

statistically significant outcome (P� 0.05) between
groups at follow-up or between baseline and follow-up,

depending on study design.

Differences in intervention effect established before and
after scale-up To assess the effect size retained at scale

from the previous efficacious prescale trial and to iden-
tify any scale-up penalty as a result of scaling nutrition

interventions, the differences in the between-group ef-
fect sizes reported from prescale to scaled-up evalua-

tions were extracted. For data to be included, the

prescale trial had to have produced a statistically signifi-

cant intervention effect on a measure of dietary intake,
and outcome measures and methodology had to have

been consistent across both studies. Studies in which
the methodology to assess the same dietary outcome

differed (eg, a food diary was used in the efficacy trial
and then an FFQ was used in the scaled-up trial) were

deemed ineligible for inclusion. Included trials that pro-
vided sufficient data to allow comparable assessment of

effects were grouped by type of dietary outcome: 1)
F&V (where increases in intake indicated improve-

ments at prescale); 2) EDNP foods (where reductions in
intake indicated improvements at prescale); and 3) SSBs

(where reductions in intake indicated improvements at
prescale). To calculate the percentage of the effect size

(ie, the between-group difference between follow-up
and baseline) reported in the efficacy trial that was

achieved in the scale-up trial of the intervention, the fol-
lowing formula was used, similar to that used in a previ-

ous review19:

Effect Size of Scaled� Up study

Effect Size of Pre� Scale study
�100

A calculation of a scale-up penalty of 100% indi-

cates that the intervention tested in the scaled-up trial
had an effect equal to that achieved in the efficacy trial;

values > 100% indicate the intervention tested in the
scaled-up trial had a greater effect than it did in the effi-

cacy trial; and values < 100% indicate a scale-up penalty
(eg, a score of 50% indicates the intervention tested in

Table 1 PICOS criteria for inclusion of studies
Parameter Description

Population Inclusion: Presumably health participants (including children, adolescents, or adults) in nonclinical community
settings (inclusive of preschools, childcare services, schools, workplaces, sport and recreational facilities,
and general community)

Exclusion: Participants with a preexisting medical diagnosis or obesity-related comorbidity (including high
blood pressure, cholesterol, diabetes, allergies, or eating disorders). Participants were recruited from clini-
cal settings such as hospitals or general practices.

Intervention Inclusion: Nutrition interventions targeting the prevention of chronic disease. Interventions were intentionally
delivered to a population on a larger scale (eg, greater number of individuals or settings in the target pop-
ulation) than the preceding randomized controlled trial that established the intervention’s efficacy for im-
proving at least 1 dietary outcome.

Exclusion: Single or repeated efficacy trials
Comparison Inclusion: Prescale trials must have had a control group (defined as a true, nonintervention control, delayed

intervention control, or alternative intervention control).
Scaled-up trials: Eligibility criteria were not applicable.

Outcome Inclusion: Prescale: Must have established statistical significances for least 1 measure of participant dietary in-
take.
Scale-up: Included at least 1 outcome measure of dietary intake consistent with the prescale trial.

Exclusion: None
Study design Inclusion: Prescale trials were randomized controlled trials with established statistical significant results for at

least 1 dietary outcome.
Scaled-up trials could be of any study design (including randomized, controlled, before-and-after trials, and

noncontrolled before-and-after designs)
Exclusion: Nonexperimental studies. Efficacy randomized controlled trials that did not have a proceeding

scaled-up trial.
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the scale-up trial was half as effective than it was in the

efficacy trial). Scale-up penalty values < 0% (ie, a nega-
tive value) indicate the direction of the effect of the in-

tervention tested in the scaled-up trial was opposite that
of the direction of the efficacy trial.

Adaptation to interventions or implementation Study
adaptations made for the scaled-up study were narra-

tively described by comparing the intervention de-
scribed in the prescale trial with the intervention

described in the scaled-up study. Where additional in-
tervention descriptions were required, we searched

Google and Google Scholar to identify key supplemen-
tary materials (eg, study protocols). Using the

Adaptome model,33 adaptations were classified as 1)
service setting adaptions: adaptations made to the envi-

ronment of the intervention, including intervention de-
livery setting, and may also include changes to

intervention delivery personnel; 2) target audience
adaptations: adaptations relating to the target popula-

tion of intervention; 3) mode of delivery adaptations:
included changes made to the channel used to deliver

the intervention (eg, change in intervention dose or
modality of delivery, such as in-person vs via the inter-

net); or 4) cultural adaptations: adaptations made to the
intervention to improve the cultural appropriateness.

Other adaptations that could not be classified into these
categories were coded as “other.”

Dealing with missing data If any outcome data were
deemed missing, the authors of included trials were

contacted to provide additional information or clarify
information. If data were not provided, the effect size

was calculated, where possible, using the available
information.

RESULTS

The systematic database search identified a total of 6277

titles to screen for inclusion in this review (Figure 1).
An additional 218 titles were identified from other

sources. Of these, a total of 174 full-text articles were
assessed. Overall, 10 scaled-up intervention pairs were

deemed eligible and included in this review. Table 234–

53 outlines the initial efficacy RCTs and the correspond-

ing scaled-up interventions.

Characteristics of included studies

The characteristics of the included studies are outlined
in Table 3.34–43 Of the 10 included scaled-up studies, 3

each were conducted in Australia34–36 and the United
States,37–39 and 1 each was conducted in Canada,40 the

Netherlands,41 Sweden,42 and the United Kingdom.43

One of the scaled-up interventions included preschool

children (aged 3–5 years),35 3 included primary-school
children (aged 6–12 years),37,40,42 and another focused

on parent-child dyads.34 Two included trials focused on
adolescents (aged 12–14 years),36,41 1 of which specifi-

cally focused on adolescent boys.36 One scaled-up inter-
vention targeted women only (aged � 40 years),39 1
focused on male adults (aged 30–65 years),43 and an-

other included adults (ages � 18 years) who attended
church.38 Five of the scaled-up trials used a cluster RCT

design35–37,40,42: 2 used an RCT study design34,43 and 1
study each used a cluster controlled trial,41 a prospective

group randomized trial,38 or a pretest-posttest within-
participant design.39 Only 2 of the scale-up trials had

conducted an economic evaluation.39,43 Researchers
also used a variety of methods to assess dietary out-

comes, such as FFQs, 24-hour recalls, direct observa-
tions, and validated surveys.

The effect of evidenced-based nutrition interventions
after scale-up

In 9 of the 10 scaled-up studies, authors reported statis-

tically significant improvements (P< 0.05) in at least 1
diet related outcome due to the intervention34–37,39–

43(Table 3). These included studies across a variety of

settings targeting preschools, primary and secondary
schools, families, and sporting clubs and communities,

and ranging in intervention length from 12 weeks to
2 years. Only 1 study, which used a pre-post within-par-

ticipant design and targeted F&V consumption in
adults within the church setting, was deemed not effec-

tive.38 Across the 10 scaled-up studies, 20 different diet-
related measures were reported, with 16 of the 20 meas-

ures indicating significantly improved outcomes after
scale-up. Fruit and/or vegetable consumption was mea-

sured across 8 of the intervention pairs,34,35,37–40,42,43

reduction in EDNP foods35,41–43 and SSBs35,36,41,42 was

measured across 4 studies, and other dietary outcomes
(ie, portion size, frequency of breakfast consumption)

measured in 2 pairs of studies.34,41

Increased F&V consumption Four of the 7 interventions

measuring fruit and/or vegetable intakes were found to
improve F&V intakes.37,39,40,43 Two cluster RCTs con-

ducted with primary school–aged children described
improvements in child F&V intakes. Authors reported

increased number of fruit servings, F&V servings, and
increased variety of F&V intakes in Action Schools!

British Columbia (AS! BC),40 whereas the 5-a-Day
study37 reported increased intakes of F&V servings

(with and without potato), and fruit servings (with or
without juice). The StrongWomen–Healthy Hearts39 in-

tervention led to increases in daily F&V intakes in adult
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women. European Fans in Training (EuroFIT),43 an in-
tervention targeting adult males, resulted in improved

F&V intakes at intervention completion (12 weeks) and
long-term follow-up (12 months).

Reduction in intake of EDNP foods Two of the 4 inter-
ventions that measured intakes of EDNP foods resulted

in reductions in consumption. In Healthy School
Start,42 a cluster RCT conducted in Swedish preschools,

the intervention group had lower intakes of EDNP
foods (including snacks, ice cream, cookies, and other

sweets) at 6 months’ follow-up; however, the effect was
no longer significant at 10 months. In an RCT con-

ducted with adult men,43 reductions in fatty food scores
and sugary food scores were found at intervention com-

pletion (12 weeks), an effect that was retained at 12
months from baseline.

Reduction in SSB consumption All 4 interventions that
measured SSB intakes reported reductions in SSB con-

sumption as a result of the scale-up intervention. In

Healthy School Start,42 reductions in the consumption
of SSBs (eg, soft drinks, flavored milk, juice) were

reported at 6-month follow-up; however this effect was
not sustained at 10 months. For the Munch & Move

program,35 authors reported an improved intervention
effect on SSB consumptions, indicated by a reduction in

the number of SSBs provided in preschool lunchboxes.
The Active Teen Leaders Avoiding Screen Time

(ATLAS) study,36 a cluster RCT conducted with adoles-
cent boys, led to reduced SSB consumption, whereas a

reduction in SSB consumption was reported in adoles-
cent girls only in the Dutch Obesity Intervention in

Teenagers (DOiT) study.41

Other dietary outcomes Healthy Dads, Healthy Kids

(HDHK)34 was the only trial to include parent-child
dyads. The intervention reduced the usual portion size

(measured via portion-size factor) reported by fathers,
and significantly reduce energy intakes by children.

Frequency of breakfast consumption as a result of

Figure 1 PRISMA flow diagram of included studies
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DOiT41 significantly improved in adolescent boys but

not girls.

Differences in effects established before and after
scale-up (scale-up penalty)

Four of the 10 included pairs of interventions did not

provide sufficient information to enable an assessment
of the scale-up effect on dietary outcomes.36,39,41,42 One

did not have the same measure of F&V,39 another did
not have a common measure for SSBs,36 and the other 2

(although they had a common measure of SSB41 or
F&V42 intake at prescale and scale-up) did not have a

significant effect on those measures at prescale. Of the 6
pairs of interventions that provided sufficient data for

comparison for at least 1 standardized measure of diet,
the scale-up effect was highly varied, ranging from –

32.2% (Munch & Move35) to 222.2% (change in F&V
for AS! BC40) (Table 4)34,35,37,38,40,43 and a scale-up pen-

alty was observed for at least 1 dietary outcome in 6
pairs of scaled-up studies. Overall, the effect size

reported in the scaled-up trials was typically 50% of the
effect reported in the prescale efficacy trials (Table 4).

Five of the 6 pairs of studies included a measured
F&V consumption common across both trials from pre-
scale to scale-up.35,37,38,40,43 The effect size retained in

scale-up interventions measuring F&V consumption
ranged from –3.3% to 222.2% (median, 50.0% effect

retained). Only 1 trial (Munch & Move) did not have
any effect on F&V once scaled.35 The remaining 5 were

all effective at scale-up, with researchers on 2 trials (AS!
BC40 and EuroFIT43) reporting a higher effect for F&V

consumption at 12-month follow-up in the scale-up
study compared with the original effect from the pre-

scale trial.40,43

In 2 of the 6 pairs of studies, researchers included

consistent measures of consumption of EDNP foods
common across both trials from prescale to scale-

up.35,43 Of these studies, those that had been scaled up

retained –32.2% to 77.0% of the intervention effect size

achieved at prescale. The Munch & Move study35 did
not retain any effect size at scale-up (the intervention

resulted in a negative effect) for EDNP foods packed in
lunchboxes. EuroFIT43 had an effect on EDNP foods at

scale-up, but it did not retain the effect of the prescale
intervention for fatty foods or sugary food scores at

12 weeks or 12 months.
There were no trials that had a significant effect on

SSB intake at prescale or that had a common measure
of SSB intake; thus, the scale-up effect was not

quantified.
HDHK34 was the only intervention that measured

child energy intakes at prescale and scale-up. Only 40%
of the prescale effect for energy intakes was retained at

scale-up.

Adaptation occurring as part of the scale-up process A

full description of each prescale intervention and details
of all reported adaptations made for the scaled-up varia-

tion are provided in Table S2 in the Supporting
Information online. Table 534–43 outlines the broad cat-

egories of these reported adaptations. For all the in-
cluded interventions, researchers made adaptations to
the intervention related to mode of delivery. For exam-

ple, the frequency of sessions increased by 10 minutes
in ATLAS,36 and the parent workshops, newsletters,

and DVDs were removed in Munch & Move.35 Other
common adaptations related to service setting (n ¼ 7 of

10; eg, workshops were conducted at local schools by lo-
cal physical education teachers instead of research staff

from HDHK34) and “other” (n ¼ 6 of 10; eg, reducing
screen time was added as a program component in

ATLAS36). Three of the included intervention trials
reported adaptations related to the target audience (eg,

an additional 5 school grades were included in AS!
BC40) and only 2 interventions made cultural adapta-

tions (eg, the parent brochure was translated into

Table 2 List of included interventions evaluated in the prescale efficacy trial and corresponding scaled-up study, includ-
ing the target population and general intervention focus
Prescale RCT intervention name Scaled-up intervention name (population, focus)

AS! BC44 AS! BC (primary school children, primarily physical activity with nutrition outcomes) 40

PALs45 ATLAS (adolescent boys, obesity)36

DoiT46 DOiT (adolescents, obesity)41

Healthy School Start47 Healthy School Start II (primary school children, lifestyle)42

StrongWomen–Healthy Hearts48 StrongWomen–Healthy Hearts (women, lifestyle)39

Body & Soul49 Body & Soul (adults; fruit and vegetable intake)38

Healthy Dads, Healthy Kids50 Healthy Dads, Healthy Kids (parent/child dyads, obesity)34

Football Fans in Training51 EuroFIT (men, lifestyle)43

Tooty Fruity52 Munch & Move (preschool children, obesity)35

5-a-Day53 5-a-Day Cafeteria Power Plus (primary school children; fruit and vegetable intake)37

Abbreviations: AS! BC, Action Schools! British Columbia; ATLAS, Active Teen Leaders Avoiding Screen Time; DOiT, Dutch Obesity
Intervention in Teenagers; EuroFIT, European Fans in Training; PALs, Physical Activity Leaders; RCT, randomized controlled trial.
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Arabic and Somali—the most common non-English

languages in the region for Health School Start42).

DISCUSSION

This review provides the first evaluation, to our knowl-
edge, of the impact of public health nutrition interven-
tions delivered at scale. Across all ages and settings, we

found just 10 public health nutrition studies that have
been scaled-up after an effective RCT to establish the

study intervention’s efficacy. These scaled-up interven-
tions varied considerably in their length as well as the

reach, dietary assessment measures, and evaluation
methods used to assess their effect on nutrition out-

comes. Even so, most scaled-up community-based nu-
trition interventions in this review appear to have had a

significant effect on at least 1 dietary outcome measure.
Overall, however, relative to their preceding efficacy

trial, there appeared to be considerable reductions in
the effect size—of approximately 50% (from 17% to

222%)—reported in evaluations of scaled-up
interventions.

Although current data are limited, the reduction in
effect size after the scale-up process reported in this re-

view appears consistent but slightly larger than findings
from other effects of scaling up public health interven-

tions.19 Authors of a recent systematic review evaluating
the effectiveness of obesity management and prevention

interventions reported that scaled-up obesity interven-
tions typically represent < 75% of the effect established

in the efficacy trials of the intervention.19 Of the 10 obe-
sity interventions included in that review, 4 studies also

reported on nutrition-related outcomes comparable be-
tween the efficacy and scaled-up trials. Although scaled-

up obesity interventions appear to also report statisti-
cally significant nutrition outcomes, a scale-up penalty

was similarly observed, with the effect size retained
ranging from 22% to 76% of the prescale effect. Because

the purpose of scaling up public health interventions is
to achieve population health benefits, understanding
the potential scale-up penalty is an important consider-

ation for policy makers to ensure such interventions
achieve the intended therapeutic health outcomes.

Because the effect size of public health nutrition
interventions appears to attenuate quite substantially

once interventions are no longer implemented under
tightly controlled conditions,19,20 more research is war-

ranted to better understand why this occurs. There is a
need to remain critical about whether the apparent

scale-up penalty is due to the methods used in the
scaling-up process or the scalability of the original in-

tervention,54 or due to other research or contextual fac-
tors, such as the varying sample sizes, evaluation

processes, and measures associated with delivering
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Table 4 Effect size difference calculated using measures of dietary intake common to both prescale trial and scaled-up
study
Study pair Prescale RCT Scaled-up study Proportion of the

efficacy trial ef-
fect size

achieved in the
scaled-up study

F&V intake (increases indicate improvements)
AS! BC40 RCT Cluster RCT

F&V assessed using: 24-h food recall and
FFQ

F&V assessed using: 24 h food recall and
FFQ

Change in intervention group at 3–6 mo’
follow-up:

Change in intervention group at 18-mo
follow-up:

Servings of fruit: þ0.24, P< 0.05 Servings of fruit: þ0.2 83.3
Servings of F&V: þ0.18, P< 0.05 Servings of F&V: þ0.4 222.2
Variety of F&V: þ0.47, P< 0.05 Variety of F&V: þ0.3 63.8

Body & Soul38 RCT Prospective group randomized trial
F&V assessed using 2-item measure (fre-

quency and portions) of F&V
F&V assessed using 2-item measure of

F&V
Post-test mean differences at 6-mo fol-

low-up, adjusted for baseline values
Post-test mean difference at 6-mo follow-

up, adjusted for baseline values
F&V servings/d: 2-item measure: þ0.7,

P< 0.05
F&V servings/d: 2-item measure: þ0.3,

P¼ 0.16
42.9

Fruit servings/d: 1 item: þ0.4, P< 0.05 Fruit servings/d: 1 item: þ0.1, P¼ 0.34 25.0
Vegetables/d: 1 item: þ0.2, P< 0.05 Vegetables servings/d: 1 item: þ0.1,

P¼ 0.11
50.0

EuroFIT43 RCT RCT
F&V scores measured using an adapted

version of the DINE
F&V scores measured using an adapted

version of the DINE
Adjusted b/n group differences for 12-wk

and 12-mo follow-up
Adjusted between group differences for

12-wk and 12-mo follow-up
F&V score: F&V score:

12 wk: 1.32 (95%CI, 1.07–1.57),
P< 0.0001

12 wk: 1.26 (95%CI, 0.94–1.58),
P< 0.001

95.5

12 mo: 0.54 (95%CI, 0.29–0.79),
P< 0.0001

12 mo: 0.96 (95%CI, 0.63–1.28),
P< 0.001

177.8

Tooty fruity;
Munch &
Move35

RCT Cluster RCT
Servings of F&V packed in lunchboxes

assessed via lunchbox audits
Servings of F&V packed in lunchboxes

assessed via lunchbox audits
Adjusted b/n group difference at 10-mo

follow-up
Adjusted b/n group difference at 6-mo

follow-up
F&V servings in lunchboxes: þ0.61,

P¼ 0.0013
F&V servings in lunchboxes: �0.02 �3.3b

5-a-Day37 RCT Cluster RCT
F&V intakes assessed via lunchtime

observation
F&V intakes assessed via lunchtime

observation
Post-test b/n group differences at 12-mo

follow-up.
Post-test b/n group differences at 24-mo

follow-up
F&V servings: þ0.47, P< 0.001 F&V servings: þ0.09, P¼ 0.33 19.1
Fruit servings: þ0.30, P< 0.001 Fruit servings: þ0.16, P¼ 0.01 53.3
F&V servings/1000 kcal: þ0.83, P< 0.001 F&V servings/1000 kcal: þ0.14, P¼ 0.27 16.9
Fruit servings/1000 kcal: þ0.72, P< 0.001 Fruit servings/1000 kcal: þ0.22, P¼ 0.3 30.6

EDNP intake (reductions indicate improvements)a

EuroFIT43 RCT RCT
Diet scores measured using an adapted

version of DINE. Alcohol measured us-
ing 7-d recall.

Diet scores measured using an adapted
version of the DINE. Alcohol intake
measured using 7-d recall.

Adjusted b/n group differences for 12-wk
and 12-mo follow-up

Adjusted b/n group differences for 12-wk
and 12-mo follow-up

Fatty food score: Fatty food score:
12 wk: �4.39 (95%CI, �5.16 to �3.61),
P< 0.0001

12 wk: �1.65 (95%CI, �2.26 to �1.04),
P< 0.001

37.6

(continued)
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interventions in real-world settings. It may be reason-

able to hypothesize that the effect size of an intervention
would be variable and ultimately lower, once scaled up

to more heterogeneous populations, in comparison
with tightly controlled efficacy trials with high internal

validity. Furthermore, many interventions tested under
ideal research conditions may not be amenable to scale

up, because they require expertise and resources not
readily available outside of the research environment.55

As such, careful consideration regarding intervention

scalability, including the potential reach, cost, delivery
infrastructure, and fit with the local context,18 in the de-

velopment phases is crucial. Failing to do so may result
in the development of interventions that require sub-

stantial adaptations to enable delivery at a population
level,54,56 which invariably may reduce intervention

effectiveness.57

In our review, each of the scaled-up nutrition inter-

ventions included adaptations from the original trial
that established its efficacy, indicating that considera-

tions to the interventions’ scalability within the efficacy
phase may have been limited and potentially resulted in

the associated scale-up penalty. We recognize that
scale-up efforts may have been directed to achieve non-

nutrition–related outcomes where the intervention

addressed multiple health risk behaviors. As a result,
the adaptations to interventions may have occurred to

preserve or enhance the effects on other health out-
comes at the expense of those targeting nutrition.

Therefore, the scale-up penalty reported in the review
for some nutrition outcomes may represent an overesti-

mation. Although a growing number of frameworks ex-
ist to guide policy makers and practitioners to make
planned adaptations,58 assess the scalability of proven

effective interventions,59 and develop detailed scale-up
plans,60–63 more empirical data are needed to evaluate

the effectiveness of such frameworks.54,64

Despite the observed scale-up penalty, given the

significant proportion of both adults and children not
meeting current dietary recommendations and the sig-

nificant savings in health care expenditure that could be
achieved by improving dietary intake, even modest

improvements in dietary intake may be beneficial when
achieved at a population level. For example, in

Australia, only 7% of adults and 4% of children65 meet
current vegetable intake recommendations. Research

indicates improving daily vegetable intake at a popula-
tion level by as little as 10% is estimated to save almost

Table 4 Continued
Study pair Prescale RCT Scaled-up study Proportion of the

efficacy trial ef-
fect size

achieved in the
scaled-up study

12 mo: �2.74(95%CI, �2.74 (�3.52 to
�1.96), P< 0.0001

12 mo: �1.40 (95%CI, �1.97 to
�0.84), P< 0.001

51.1

Sugary food score: Sugary food score:
12 wk: �1.52 (95%CI, �1.83 to �1.21),
P< 0.0001

12 wk: �0.94 (95%CI, �1.23 to �0.66),
P< 0.001

61.8

12 mo: �0.87 (95%CI, �1.18 to
�0.56), P< 0.0001

12 mo: �0.67 (95%CI, �0.97 to
�0.38), P< 0.001

77.0

Tooty fruity-
Munch &
Move35

RCT Cluster-RCT
Servings of EDNP items packed in lunch-

boxes assessed via lunchbox audits.
Servings of EDNP items packed in lunch-

boxes assessed via lunchbox audits
Adjusted b/n group difference at 10-mo

follow-up
Adjusted b/n group difference at 6-mo

follow-up.
Children with EDNP items in lunch box,

%:
Children with EDNP items in lunchbox,

%:
0 EDNP items: þ29.1%,a P< 0.0001 0 EDNP items: �1%,a P ¼ NS �3.4a,b

2þ EDNP items: �24.5%, P< 0.0001 2þ EDNP items: þ7.9%, P ¼ NS �32.2b

Other dietary outcomes
Healthy Dads,

Healthy
Kids34

RCT RCT
Mothers of children completed the 137-

item ACAES FFQ
Mothers of children completed the 120-

item ACAES FFQ
Post-test b/n group differences a 6-mo

follow-up.
Post-test b/n group differences at 14-wk

follow-up
Child total energy intake (kJ/kg): mean

differences between group, 87 (95%CI,
32� 143), P¼ 0.01

Child total energy intake (kJ/kg); Mean
differences between groups, 35
(95%CI, �15 to 85), P¼ 0.17

40.2

Abbreviations: ACAES, Australian Child and Adolescent Eating Survey; EDNP, energy-dense nutrient-poor; DINE, Dietary Instrument for
Nutrition Education; F&V, fruits and vegetables; FFQ, food frequency questionnaire; NS, not significant.
aA greater intervention effect if percentage of children with 0 EDNP items packed in lunchboxes increased.
bNo proportion of the effect size was retained by scaled-up intervention (negative effect).
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AU$1 billion in health care expenditure annually.66 Our
review indicates modest changes in dietary consump-

tion can be achieved when public health nutrition inter-
ventions are scaled up, with up to a 0.4-serving increase

in F&V40 and a reduction of 0.342 and 0.636 servings of
EDNP foods and SSBs, respectively. There is robust evi-

dence from meta-analyses indicating a dose-response
relationship between improvements in dietary intake in
line with dietary guidelines and a reduction in morbid-

ity associated with chronic disease67–69; thus, even these
small improvements in dietary intake associated with

scaled-up interventions could have public health
benefits.

The results of this review should be interpreted in
light of several limitations. First, we only evaluated the

effectiveness of scaled-up interventions that resulted af-
ter a statistically significant RCT to demonstrate effi-

cacy. To be included, we required the direct scale-up
and evaluation of an intervention from a prior RCT.

This, no doubt, precluded studies of nutrition interven-
tion that, although not directly originating from a spe-

cific RCT, have been prioritized in government policy
and delivered at scale. For example, child feeding pro-

grams such as those at schools have been delivered at
scale across high-, middle-, and low-income countries

for many years.70 Examination of such literature may
provide additional and important insights into the pro-

cess of scale-up of nutrition interventions. Indig et al18

demonstrated a variety of pathways to scale up, and

45% of scale-up studies occurred despite the absence of
an antecedent and effective RCT or effectiveness trial.

Despite this, it is recommended that policy makers and
practitioners prioritize the allocation of scarce health

resources to the scale-up of interventions with an estab-
lished evidence base.55

Second, although we used a comprehensive search,
including searching electronic databases; contacting

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

variability in terminology used in the field represents

challenges,71 and not all eligible trials may have been
identified. For example, some interventions may only

assess implementation once scaled up, with no reassess-
ment of effectiveness. Our review was also embedded in

a broader systematic review of effective obesity preven-
tion, physical activity, and nutrition scale-up studies

and, therefore, included a broad range of search terms.
Despite the inclusion of diet-related terms within the
exploded terms and Medical Subject headings, our

search did not specifically include the term diet, which
possible would have identified additional relevant

studies.
Furthermore, the diet assessment methods used in

different studies also differed in their risk of bias and
measurement error.72 Studies included in the present

review assessed diet using self-reported methods (eg,
24-hour recalls, FFQs, screeners) that are prone to so-

cially desirable responding, whereby respondents pro-
vide information aligned with expected social norms

(eg, overestimation of F&V intakes73). It is also consis-
tently documented in the literature that 24-hour recalls

tend to underestimate habitual energy intakes,74

whereas FFQs tend to overestimate intakes.75,76

However, the studies included in our review primarily
used validated methods in an attempt to minimize such

biases. Observational methods such as lunchbox audits
or cafeteria observations used by Hardy et al35 and

Perry et al37 are more objective; however, they assume
that the foods purchased (or packed) are consumed. As

such, these measurement limitations need to be consid-
ered when interpreting the findings of the review and

when comparing the effect sizes between included stud-
ies. Although it is possible that this heterogeneity in die-

tary assessment methods used across included studies
could explain why greater effect sizes were found in

some studies than in others at scale-up, we only ex-
plored the differences in effect sizes from prescale to

scale-up if the dietary assessment methods were consis-
tent between the 2 studies. Last, accurate coding of

adaptations made to scale-up intervention was complex,

Table 5 Adaptations made to nutrition interventions for scale up on the basis of the Adaptome model
Trial Mode of delivery Service setting Target audience Cultural Other

AS! BC40 X X X X
ATLAS36 X X X
DOiT41 X X X
Healthy School Start42 X X
StrongWomen-Healthy Hearts39 X X X
Body & Soul38 X X X
HDHK34 X X
EuroFIT43 X X X
Munch & Move35 X X X
5-a-Day37 X X
Abbreviations: AS! BC, Action Schools! British Columbia; ATLAS, Active Teen Leaders Avoiding Screen Time; DoiT, Dutch Obesity
Intervention in Teenagers; EuroFIT, European Fans in Training; HDHK, Healthy Dads, Healthy Kids.
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because limited details are often included in published

reports, due to word limits. The use of standardized
reporting methods77 may overcome such variability.

CONCLUSION

To improve the nutritional intake of the population,
interventions with proven efficacy must be scaled up.

The findings of this review demonstrate that current
efforts to scale up public health nutrition interventions

can be effective, although their effects seem to be con-
siderably attenuated compared with effects reported
from efficacy trials. Policy makers and practitioners

should anticipate a reduction in the effects of nutrition
interventions as they are scaled up. More research is

warranted to identify the factors that may help identify
approaches to scale-up that are more resilient to reduc-

tions in intervention effects.
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