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Abstract

Background: Effective interventions to increase vegetable intake are urgently
needed. This systematic rapid review aimed to summarise the effectiveness of
interventions targeting increased vegetable intakes across diverse settings.
Methodology: The review was guided by the conduct of rapid reviews from the
Cochrane Handbook. The literature was searched in February 2024 across
PubMed, Web of Science and Cochrane Central for systematic review articles
published since 2014. The Risk of Bias In Systematic Reviews tool was used
and characteristics of reviews synthesised narratively with intervention effec-
tiveness results were summarised.

Results: A total of 20 systematic reviews met the eligibility criteria. Most
targeted school-based settings (#=7) or community/home-based settings
(n=4). Early childhood education and workplaces had one review each, with
none in retail, secondary or tertiary education, food service, food relief or aged
care. The mean change in vegetable consumption was +0.12 serves per day,
with increases of up to +0.42 serves reported (range —0.09 to +0.42). By
setting, the largest increases were reported for interventions in school settings
(+0.42 serves/day), followed by home (+0.38 serves/day). Almost half the
studies reporting effect sizes suggested no effect on intake (46%), 41% sug-
gested a small effect and 13% suggested a medium effect. Greater effect sizes
were achieved in interventions implemented across multiple settings.
Conclusions: Review findings indicate that the average increase in vegetable intake
following interventions is about one-eighth of a serve but up to almost half a serve
in some settings. An increase of this magnitude could have a substantial population
impact, particularly in population groups with persistently low intakes.
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Highlights

* Interventions to increase vegetable consumption have largely occurred in
schools and in the home/community settings.

» This systematic rapid review found that the average change in vegetable con-
sumption was +0.12 serves per day, but up to 0.4 serves possible in some settings.
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» Greater increases were achieved in interventions implemented in schools,

the home or across multiple settings.

INTRODUCTION

Fruit and vegetables are an important component of a
healthy diet, and adequate consumption is a marker of
overall diet quality due to the association with higher
nutrient intakes and reduced risk of chronic diseases. The
World Health Organization estimates that approximately
1.7 million annual deaths worldwide are associated with
low fruit and vegetable consumption.! In Australia, it is
estimated that dietary risks were responsible for 5.4% of
the burden of disease (in 2018), and in relation to deaths,
2.3% of all deaths in Australia were attributable to diets
low in legumes, 1.3% to diets low in fruit and 1.2% to diets
low in vegetables.” Despite the well-established links to
health and mortality, consumption of fruit and especially
vegetables remains persistently low and below recom-
mended targets. In Australia, less than 5% of adults and
children meet both the fruit and vegetable recommenda-
tions, with only 6.5% of adults and 4.6% of children
meeting the vegetable recommendation.” Changing pop-
ulation dietary intakes has proven to be challenging, but
improving dietary intakes has potential health, social and
economic benefits.*> Therefore, efforts toward improving
dietary habits have and should be prioritised.

The World Health Organization and many countries
globally have food-based dietary guidelines that emphasise
the importance of consuming vegetables as part of a heal-
thy diet.® Despite these guidelines, translating this infor-
mation into effective behaviour change campaigns has been
challenging. Social marketing campaigns such as the ‘Go
for 2&5° campaign in Australia and the ‘5-A-Day’-type
intervention programmes in Canada, Denmark, the United
States and the United Kingdom have reportedly led to
increased awareness but not increased consumption con-
sistently or by a significant amount.”® At a state level in
Australia, there are also government-funded programmes
that promote vegetable consumption in children, delivered
through the education system, for example, Munch &
Move'® and Crunch & Sip.!" Some of these programmes
have demonstrated small, or statistically non-significant,
increases in vegetable consumption but whether larger
changes in consumption can be achieved, and sustained, in
programmes with broad reach remains unclear.®

Extensive research has been dedicated to increasing
vegetable intakes. Although published research initiatives are
often smaller in scale than social marketing or government-
endorsed programmes, the abundance of studies has led to
many systematic reviews synthesising findings from this
primary research. Systematic reviews synthesise evidence
that fits pre-specified eligibility criteria to answer a specific
research question, using standardised methods that aim to
minimise bias when summarising the evidence and drawing

conclusions.'? Previous systematic reviews have described
the effectiveness of interventions to increase vegetable con-
sumption and intervention strategies that are associated with
successfully changing behaviour, across different settings and
population groups. Many overviews of systematic reviews
(‘umbrella reviews’) are also available that further consoli-
date and summarise the findings of systematic reviews.
Umbrella reviews suggest that settings-based interventions
can have positive effects on dietary outcomes, including
vegetable intake. These include schools,”* !> homes'® and
workplaces,'® or those using specific strategies such as digital
delivery of interventions,? facilitating vegetable acceptance'’
or garden programmes delivered across a range of settings.'®
However, many umbrella reviews report fruit and vegetable
outcomes together,'*'* making it difficult to ascertain an
overview of the effectiveness of interventions to increase
vegetable consumption.

A strength of systematic and umbrella reviews is the
high-quality evidence synthesised regarding a specific
research question. However, their methodological rigour
and process means that they can take a number of years to
complete.'” Rapid reviews are increasingly used to inform
decision making and to optimise investment as they can be
conducted more rapidly, and hence support the time-
sensitive needs of decision makers.”” To ensure that scien-
tific rigour is maintained in rapid reviews, guidelines have
been published by the Cochrane Collaboration to establish
best practice in rapid reviews of effectiveness. Using these
guidelines, this rapid review aimed to summarise the find-
ings of published review articles on interventions to increase
vegetable consumption, in isolation or in combination with
other foods or lifestyle behaviours. Specifically, this review
aimed to summarise the effectiveness of interventions in
increasing vegetable intake across diverse settings.

METHODS
Overview

The review was guided by recommendations for the con-
duct of rapid reviews from the Cochrane Handbook
(Table S1).*! A study protocol, including the study objec-
tive, search strategy, selection criteria and synthesis plan,
was specified a priori (Table S1).

The findings of the review are reported based on
suggestions in the Preferred Reporting Items for Over-
views of Reviews statement (PRIOR; Table S2).%* Experts
were consulted at various stages of the review process to
(1) set and refine the review question, eligibility criteria and
outcomes of interest; (ii) provide feedback on the search
strategy to ensure that it was fit for purpose; (iii) review
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the list of included reviews to identify potentially eligible
reviews that were missed; and (iv) review and provide
feedback on the conclusions of the review.

Information sources and search strategy

A literature search was conducted on 15 February 2024
across three databases: PubMed, Web of Science (core col-
lection) and Cochrane Central. The search strategy was de-
veloped in consultation with an expert librarian using a
modified PI(E)COCS framework (Population, Intervention/
Exposure, Comparison, Outcome, Setting and Study
Design; Table 1). The search strategy was tested in PubMed
to confirm that relevant articles from preliminary searches

TABLE 1 Eligibility criteria.
Criteria Inclusion
Population Humans (including children and adults)

Intervention/exposure

Interventions that aimed to increase vegetable intake
(in isolation or in combination with a healthy diet)

were retrieved and adapted for use in other databases ac-
cording to their phrase searching and truncation guidelines.

A combination of MeSH (medical subject headings)
terms and free-text keywords was used to search for
relevant settings (e.g., ‘home’, ‘community’, ‘school’,
‘workplace’), outcomes of interest (e.g., ‘vegetable in-
take’, ‘vegetable consumption’, ‘sales’) and study designs
(e.g., ‘systematic review’, ‘meta-analysis’). The detailed
search strategy is available in Table S3.

Settings were chosen a priori and were based on their
potential to have the greatest impact on population-level
health.”* The reference lists of included reviews and rele-
vant review articles were searched to capture any citations
missed by electronic searches (‘backward search’). In
accordance with recommendations for the Cochrane rapid

Exclusion

Infants (<2 years)

Animals

Population sub-groups selected on the basis of pre-
existing comorbidities (e.g., those with type 2 diabetes,
hypertension or cancer); reviews focused on strategies
that targeted the treatment or management of eating
disorders (e.g., anorexia nervosa or bulimia),
malnutrition or other diseases

First introduction to vegetables (i.e., weaning studies for
infants)

* Interventions can be administered in physical

settings or online (e-health)

Note: can include vegetable juice
Comparator No restrictions

Outcome

intake (for retail settings only)

* Measures can be objective (e.g., intake via weighed
food record; purchase via sales data) or self-

Quantified measure of vegetable intake (e.g., serves,
portions or grams/day) or Purchase data, as a proxy for

Hypothetical choice

Consumption intentions

Health outcomes (e.g., weight change, disease risk)
Overall diet quality

Attitudes (e.g., preference/liking), knowledge, skills,
access

reported measure (e.g., intake via food frequency
questionnaire; purchase via purchase behaviour)
Note: where reviews include both fruit & vegetable
intake, data must be reported on vegetables

separately to be eligible for inclusion

Setting Early Childhood Education and Care

Primary schools & out-of-school-hours care

Secondary & tertiary education
Home-based

Laboratories or other simulated contexts

Retail food environments — for example, supermarkets,

grocery stores, canteens, cafeterias
Workplace

Foodservice — Institutional
Foodservice — Commercial

Aged Care — In-home and/or facility
Food Relief

Study design

Overviews of reviews (‘umbrella’ reviews)
Systematic reviews with or without meta-analysis

Primary research articles
Opinion or perspective pieces
Narrative or scoping reviews
Protocol papers
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review methods,?' eligibility criteria, including restrictions
applied to the search, were limited for topic refinement. As
such, search parameters were limited to articles published
in the English language since 2014, because those pub-
lished in the past 10 years represent the contemporary
evidence base and would have captured primary research
conducted over the previous 30 years or so0.%*

Review selection

Citations and abstracts of all retrieved records were
imported to EndNote (X9).” Duplicate records were
identified and removed, and the remaining citations were
imported to Covidence.”® Records were assessed for elig-
ibility against the PI(E)COCS criteria, initially screened
based on their title and abstract; any records that were
potentially eligible were advanced to full-text review. Both
stages of screening were performed by two reviewers
independently (from a team of four: P. G. B., G. A. H,, A.
A. M. P., K. M. L.), and conflicts were resolved through
discussion until a consensus was reached.

Risk of bias assessment of included reviews

The Risk of Bias In Systematic Reviews (ROBIS) tool*’
was used to assess the risk of bias of each review article by
(1) identifying bias with the review process and (ii) judging
the overall risk of bias in the review. This tool has been
designed specifically to assess the risk of bias in reviews.
First, the risk of bias was assessed across four domains:
study eligibility criteria; identification and selection of
studies; data collection and study appraisal; and synthesis
and findings. The level of risk of bias associated within any
of the domains was graded to categorise the overall risk of
bias as low, high or unclear. Risk-of-bias assessments were
performed by one reviewer (P. G. B.) and judgements were
verified by a second reviewer (A. A. M. P.).

Data extraction and synthesis

A standardised data extraction template was created in
Microsoft Excel® (Version 2022) and piloted on 10%
of records by two reviewers (P. G. B. and G. A. H.) to
ensure that critical data were collected consistently and
correctly. Following the piloting exercise, no changes to the
data extraction template were required. Data from the
remaining records were extracted by one reviewer (P. G. B.)
and verified for accuracy and completeness by a second
reviewer (A. A. M. P. or K. M. L.). In accordance with
recommendations for Cochrane rapid review methods, data
extraction was limited to the most important data fields
relevant to address the review question.

The following information from the included reviews
was extracted: (i) Publication details: first author's family

name, year of publication; (ii) Review characteristics:
primary objective, inclusion criteria and search restric-
tions, synthesis method; (iii) Relevant outcomes: out-
come measured and unit of measurement, outcome
results. If multiple time points were reported, only the
end of the intervention point was extracted; (iv) Study
conclusions: main conclusions as reported by authors.
Where a review reported separate syntheses of the effects
of different intervention strategies/settings/population
groups, information describing the effects of each syn-
thesis (referred to as ‘findings’ from here on) was
extracted.

The characteristics of included reviews were synthe-
sised narratively. Findings from reviews on intervention
effectiveness were summarised and presented in tabular
form. Some assumptions were made in summarising the
results of the reviews to allow findings to be combined to
report the effect of interventions on vegetable intake in
serves per day. For reviews that reported vegetable in-
take in grams, results were converted into serves using a
standard vegetable serve size of 75 g.>® One review re-
ported vegetable intake as ‘times per week’?’; these
results were converted into serves assuming that one time
was equal to one serve. One review reported a summary
result for interventions as a range, and the mid-point was
used as the data point for this review.*

Deviations from the study protocol

Some changes to the methods outlined in the pre-
specified study protocol were necessary. First, overviews
of reviews were planned for inclusion to capture all
available (consolidated) evidence in the research area.
Following the execution of the search strategy and study
screening, umbrella reviews were excluded from further
analysis. We did, however, examine the reference lists of
eligible umbrella reviews'* '7! to cross-check for the
inclusion of relevant review articles. No additional re-
views were identified from this method. Second, review
articles that focused on weight loss interventions were
excluded during title/abstract screening. Finally, review
articles that focused on minority groups were excluded
during full-text screening. One review article that met all
other eligibility criteria was excluded on this basis.*?

RESULTS

The literature search resulted in 823 records, with no
records identified via other methods. After the removal
of duplicates (n = 247), a total of 572 abstracts were ini-
tially screened by title and abstract. One-hundred and
sixty-three abstracts were eligible for full-text review. A
total of 20 review articles met the eligibility criteria and
were included in this rapid overview of reviews
(Figure 1).
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FIGURE 1 Preferred Reporting Items for
Overviews of Reviews (PRIOR) flowchart for study Identification of systematic reviews via databases and registers
selection. )
c
% Records identified from: » Records removed before screening:
23-3 Databases (n = 823) Duplicates (n = 247)
3
l
'SR
Records screened Records excluded
(n=576) (n=413)
A4
Reports sought for retrieval Reports not retrieved
(n=163) (n=0)
£
c
[
§ v
Reports assessed for eligibility Reports excluded
(n=163) > Wrong outcome: Vegetable intake
could not be quantified (n = 125)
Wrong outcome: Other (n=7)
Wrong study design (n = 6)
Wrong intervention (n = 2)
Published before 2014 (n=1)
Wrong population (n = 1)
N, Wrong setting (n = 1)
'
v
E Reviews included
3
2 (n=20)
-/

Review characteristics

The characteristics of the 20 included reviews are pre-
sented in Table 2. Reviews were published between 2014
and 2024. With the exception of one review,’® authors
synthesised findings using meta-analyses. Most reviews
focused on school-based settings (n=7 of 20; 30%) or
community-/home-based settings (n=4, 20%). Early
childhood education and care settings® and work-
places*® were each covered by one review. There were no
setting-specific reviews focused on the retail, secondary
school or tertiary education, food service, food relief or
aged care settings that met the eligibility criteria for this
rapid overview of reviews. The remaining seven
reviews 34304174399 were not setting-specific; rather,
they focused on intervention strategies or population
sub-groups across a range of settings.

Risk of bias in the included reviews was assessed
using the ROBIS tool (Table 3). Fourteen reviews (70%)
were rated as having a low risk of bias overall, and the
remainder were rated as high risk of bias (n =6, 30%).
The domain with the highest concern for bias was the
identification and selection of studies, with 9 of 20 re-
views rated as high concern, whereas no studies rated as
high concern for study eligibility criteria. The full
appraisal, including how the reviews scored on each
domain, is provided in Table S4.

Review findings

The total number of primary studies included across
review articles was 819 (ranged from 10 studies included
in a review to 121 studies included in a review). About a
third of these (n =274 of 819, 34%) reported findings on
vegetable consumption or purchase (ranged from 4
studies reporting on vegetable intake to 43 studies re-
porting on vegetables intake in a review). Most reviews
(n=17 of 20, 85%) combined the results of studies and
presented a pooled analysis of the main findings.
Approximately two-thirds (n =11 of 17, 65%) reported a
significant change (increase) in vegetable consumption or
purchase among the interventions included (Table 3).

Where reviews performed additional analyses, such as
by setting, by intervention strategy or population sub-
groups, findings were extrapolated and presented in
Table S5. In total, across the 20 review articles, there
were 68 findings relevant to the aim of this rapid review
that reported on the effectiveness of interventions in
relation to vegetable intake. Just over half of the findings
were reported as an effect size (e.g., standardised mean
difference, Cohen's d, Hedges g; n =39, 57%) and the
remainder reported findings as serves of vegetables
(n =29, 43%).

Most findings reported on the change in vegetable
intake from interventions in school-based or mixed
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BROOKER ET AL.

(Continued)

TABLE 2

Review eligibility criteria

Synthesis
method”

Outcomes (units of
measurement)”

Intervention strategy

(ies) tested

Population and

setting

Study designs
included

Search period

Aim of the review

References

Early childhood

RCTs, factorial

children aged 6 months to 6 years, RCTs, multiple

improving dietary intake in
relative to usual care, no

education and care

baseline RCTs and settings

randomised

intervention or an alternative,
non-dietary intervention

crossover trials

Abbreviations: FFQ, food frequency questionnaire; mo, months; NR, not reported; RCT, randomised controlled trial.

#Only outcomes relevant to the aim of this rapid review were extracted, that is, vegetable intake or purchase.

®Where the synthesis method differed between outcomes, the synthesis method for the analysis of vegetables was extracted.

settings (n =20 each), followed by home-based settings
(n=10; Figure 2). Fewer than 10 findings were reported
for community-based settings (2 =9), early childhood
education centres (n=8) and workplaces (n=1;
Figure 2a).

Figure 2b illustrates the distribution of strategies
assessed across the 20 reviews. Nutrition education was
the most assessed strategy (n = 15 findings), followed by
provision (n=11), healthy lifestyle promotion (n=7),
taste exposure (n=15) and use of theory (n=15). The
remaining strategies that were assessed included different
modes of delivery (n = 4), lunchbox interventions (n = 3),
nudging (n=1) and use of partnerships (r=1). Mixed
strategies, that is, where a range of different strategies
were pooled in the analysis, comprised 12 of the 68
findings. Table 4 presents a summary of the effects of
different interventions on vegetable consumption or
purchase, by setting.

Early childhood education and care (ECEC)

Eight findings were reported across two reviews*' " for
interventions conducted in ECEC settings. Only one
review reported findings in serves/day; this review found
a change in vegetable consumption of +0.14 serves
per day following healthy lifestyle promotion.”® The
seven findings reported as effect sizes showed either no
effect (n =135, 71%) or a small effect (n = 2, 29%; Table 4).

School

Twenty findings were reported across seven re-
views???9-38:3944.4648  £51interventions conducted in
school-based settings. Of the 18 findings that were re-
ported in serves/day, the change in vegetable consump-
tion ranged between —0.09°® and +0.42** serves per day
(mean +0.09 serves/day). Intervention strategies included
nutrition education, vegetable provision and healthy
lifestyle promotion. The largest increase in vegetable
consumption was observed in nutrition education inter-
ventions. The two findings reported as effect sizes
showed either no effect (=1, 50%) or a small effect
(n=1, 50%; Table 4).

Community

Nine findings were reported across two reviews® *** for
interventions conducted in community-based settings.
Reviews included studies in university, municipality and
senior centres as community-based settings. Of the two
findings that were reported in serves/day, the change in
vegetable consumption ranged between +0.11°7 and
+0.15%" serves per day (mean +0.13 serves/day). Both
findings related to the use of a mix of intervention
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(Continued)

TABLE 3

Risk

Total no. of primary articles
(no. reporting on vegetables)

of bias

Overall findings®

Setting

References

Low

Interventions that used behaviour change procedures had a large and
significantly greater impact on vegetable consumption than control

conditions

Not reported

29 (16)

Diep et al.*

High

Strategies to increase vegetable consumption in preschool children

No restrictions

30 (30)

Nekitsing et al.*!

had a small to moderate significant effect on vegetable consumption,

compared with the control group

High

Nutritional education programmes were effective in increasing

vegetable consumption in older adults

Not reported

11 (4)

Neves et al.*?

Low

Digital interventions showed a negligible effect on changing

Not reported
vegetable consumption

14 (6)

Nour et al.*?

Low

Face-to-face and eHealth blended interventions did not significantly

Not reported

17 (5)

Yang et al.*’

increase vegetable consumption compared with the control group

“Bold text indicates a significant effect on vegetable intake.

®Statistical significance was not tested.

JHND _ BDA

(@)

MW Series1

M Series2

FIGURE 2 Number of findings reported across the reviews, by
(a) setting and (b) strategy.

strategies. The seven findings reported as effect sizes
showed either no effect (n=135, 71%) or a small effect
(n=2, 29%; Table 4).

Home

Ten  findings were  reported  across  seven
reviews 37404347 for interventions conducted in home-
based settings. Of the four findings that were reported in
serves per day, the change in vegetable consumption
ranged between +0.15*% and +0.38%° serves per day
(mean +0.25 serves/day). Interventions included lunch-
box interventions, digital interventions and mixed strat-
egies. The largest increase in vegetable consumption was
observed for the use of mixed strategies. The six findings
reported as effect sizes showed mixed effects (no effect,
n=2 (33%); small effect, n=2 (33%); medium effect,
n=2 (33%); Table 4).

Workplace

One review® reported the effects of healthy lifestyle
promotion in the workplace on vegetable consumption.
No significant change in vegetable consumption was
observed (+0.03 serves/day).
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TABLE 4 Summary of findings of effects on vegetable consumption by setting and intervention strategy.

Findings
Setting strategy (n) Minimum Average Maximum
Serveslday
Early childhood education and care 1 0.14 0.14 0.14
Healthy lifestyle promotion 1 0.14 0.14 0.14
School 18 —=0.09 0.09 0.42
Healthy lifestyle promotion 3 —0.02 0.13 0.28
Nutrition education 4 0.08 0.21 0.42
Provision 11 —0.09 0.04 0.30
Community 2 0.11 0.13 0.15
Mix of strategies 2 0.11 0.13 0.15
Home 4 0.15 0.25 0.38
Lunchbox intervention 2 0.18 0.23 0.28
Mix of strategies 1 0.38 0.38 0.38
Modes of delivery 1 0.15 0.15 0.15
Workplace 1 0.03 0.03 0.03
Healthy lifestyle promotion 1 0.03 0.03 0.03
Mixed settings 3 0.12 0.14 0.16
Taste exposure 3 0.12 0.14 0.16
Findings No effect, Small effect, Medium effect,
Setting Strategy (n) n (%) n (%) n (%)
Effect size®
Early childhood education and care 7 5 (71%) 2 (29%) 0
Healthy lifestyle promotion 2 1 (50%) 1 (50%) 0
Nutrition education 2 2 (100%) 0 0
Mix of strategies 1 0 1 (100%) 0
Use of partnerships 2 2 (100%) 0 0
School 2 1 (50%) 1 (50%) 0
Nutrition education 1 0 1 (100%) 0
Mix of strategies 1 1 (100%) 0 0
Community 7 5 (71%) 2 (29%) 0
Mix of strategies 2 1 (50%) 1 (50%) 0
Modes of delivery 2 2 (100%) 0 0
Nutrition education 1 0 1 (100%) 0
Use of theory 2 2 (100%) 0 0
Home 6 2 (33%) 2 (33%) 2 (33%)
Lunchbox interventions 1 0 0 1 (100%)
Nutrition education 2 1 (50%) 1 (50%) 0
Mix of strategies 2 1 (50%) 0 1 (50%)
Taste exposure 1 0 1 (100%) 0

Workplace 0 - - -
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TABLE 4 (Continued)

Findings
Setting Strategy (n)
Mixed settings 17
Mix of strategies 3
Modes of delivery 1
Nudging 1
Nutrition education 6
Taste exposure 1
Use of theory 5

No effect, Small effect, Medium effect,
n (%) n (%) n (%)

5 (29%) 9 (53%) 3 (18%)

0 3 (100%) 0

0 0 1 (100%)

1 (100%) 0 0

0 6 (100%) 0

0 0 1 (100%)

4 (80%) 0 1 (20%)

*Effect size reported in the review articles has been interpreted in accordance with cut-points suggested by Andrade.”® “No effect’, standardised mean difference <0.2;
‘small effect’”, SMD 0.2 to <0.5; ‘medium effect’, 0.5 to <0.8; and ‘large effect’, >0.8. The interpretation of effect size may differ from that reported by review authors.

Mixed settings

Twenty findings were reported across six re-
views* 336414249 o1 interventions conducted across multi-
ple settings. The three findings that were reported in serves
per day, all measured the effect of taste exposure interven-
tions; the change in vegetable consumption ranged between
+0.12* and +0.16™ serves per day (mean +0.14 serves/day).
The 17 findings reported as effect sizes mostly showed small
(n=9, 53%) or no (n=15, 29%) effects, and 3 (18%) showed
medium effects (Table 4).

Sensitivity analysis

A sensitivity analysis was conducted to consider the
potential impact of reviews at high risk of bias on the
overall findings of this rapid overview of reviews. Nineteen
findings from the six reviews assessed as high risk of bias
were removed, all of which reported results as an effect
size. After excluding the findings from review at high risk
of bias, most of the remaining reviews reported no effect
on vegetable consumption (n =15 of 20, 75%), two (10%)
reported small effects and three (15%) reported medium
effects. Intervention strategies that achieved medium ef-
fects were lunchbox interventions in the home setting, and
digital or theory-based interventions in mixed settings. In
contrast, when all reviews were included in the analysis,
about half reported no or small effects (z = 18 of 39, 46%;
and n =16 of 39, 41%, respectively) and 5 (13%) reported
medium effects (Table S6). The results reported as serves
per day remain unchanged.

DISCUSSION

This overview of reviews was systematic in nature, gui-
ded by the Cochrane rapid review guidelines and aimed
to summarise published evidence on the effectiveness of

interventions targeting increased vegetable intake across
a range of priority settings, including ECEC, school and
tertiary education, home, workplace, aged care, retail
food environments, food service and food relief. Twenty
reviews met all eligibility criteria, with most reporting the
effectiveness of interventions in the school or home set-
ting. Almost all the review articles included in the rapid
review conducted meta-analyses to quantify the effec-
tiveness of interventions on vegetable intake. Some re-
views reported both overall (‘main’) findings, and results
by different sub-groups, either based on population
group or strategy type. For the current review, findings
were grouped by their unit of measurement, as effect size
(n =39 findings) or serves of vegetables (n = 29 findings).
Across the different settings, the average change in veg-
etable consumption was +0.12 serves per day, with
increases of up to +0.42 serves reported (range —0.09 to
+0.42). By setting, the largest increase in vegetable con-
sumption was reported for interventions conducted in the
school setting (+0.42 serves per day), followed by the
home setting (+0.38 serves per day). Almost half the
findings of effect size indicated no effect on vegetable
intake (46%), 41% reported a small effect and 13% re-
ported a medium effect. Greater effect sizes were more
common in reviews of interventions conducted across
multiple settings (71% of findings showed small-medium
effects) and the home setting (67% of findings showed
small-medium effects). Although there appears to be a
dose-response relationship between vegetable intake and
disease risk, there is no consensus on the magnitude of
increase that is considered clinically important.** In
addition to greater quantities of vegetables being bene-
ficial to health, consuming a greater variety of vegetables
over time has also been associated with fewer health care
claims and costs.” The findings of this review indicate
that a quarter to half serve the increase in consumption
in a single setting can be considered a good outcome
relative to what has been achieved in the past. It is also
thought that a reported mean increase of this magnitude
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would be clinically important in the context of persist-
ently low population intakes. However, achieving a
meaningful, and sustained, increase in vegetable intake
will likely require a multi-setting, sustained approach.

A key review finding was that interventions con-
ducted in school and home settings were most effective;
however, there was limited data for other settings,
making it more difficult to consolidate the evidence for
those settings. Although the average increase in vegetable
consumption in school settings was smaller, nutrition
education-based interventions within schools increased
consumption by 0.19 serves on average and up to 0.42
serves per day as a maximum. Schools are recognised as a
setting for learning and changing behaviours,”*>* and by
embedding nutrition education, this setting can foster
motivation and preference for healthy eating from an
early age. Home-based interventions were also success-
ful, resulting in an average increase of about a quarter of
a serve of vegetables. The home is where the foundation
for healthy eating habits is established>* and one where a
mix of intervention strategies might be most effective.
The home is also a critical setting for addressing eating
habits and increasing vegetable intake across different
age groups, eating occasions and delivery modes.

When compared to schools, the ECEC setting reveals
a concerning lack of evidence for effective approaches to
increase vegetable consumption. Most reviews in the
ECEC setting reported no or small effects, and the one
review to report the effect quantified in serves suggested
that an increase of 0.14 serves per day was possible.
Unlike schools, the limited evidence for ECEC suggested
no effect for the use of nutrition education, whereas
healthy lifestyle promotion and using a mix of strategies
had small effects. These findings underscore the critical
need for more rigorous research and evidence-based
strategies to improve vegetable consumption in ECEC.
There are specific barriers and facilitators to im-
plementing effective vegetable promotion strategies in
this setting, including environmental factors™; food cost
and food waste management’; staff training needs®” and
mealtime management practices’® >®, among others. The
small number of studies reporting a positive effect does
indicate that there is potential for important impacts on
children's health and development,® if effective inter-
ventions can be identified and implemented within this
education setting. There is strong evidence for the ben-
efits of adequate vegetable intakes during these
early years and coordinating efforts across stakeholders
and providing centralised resources for ECEC services
could help drive progress in this critical time to optimise
child nutrition.®

The reviews of interventions in mixed settings, that is,
where findings could not be attributed to a single setting,
mostly focused on specific intervention strategies such as
taste exposure,> digital delivery*** and use of specific
behavioural techniques.***® These findings enhance un-
derstanding of the potential mechanisms underlying

effectiveness, and intervention strategies associated with
success can be integrated across a range of different
settings. There is a notable scarcity of reviews that focus
on interventions in more than one setting, for example,
school and home, or workplace and home, and it is not
clear to what extent these interventions are additive. In a
recent study investigating the role of caregivers' health
behaviours in influencing healthy eating in Dutch pri-
mary school children, those with less encouragement to
eat healthily at home appeared to benefit more from
school-based nutrition education programmes than
children receiving more encouragement at home, partic-
ularly for fruit and vegetable intake.®’ This suggests that
the effects of interventions in different settings may not
simply be additive; rather, there is some level of com-
pensation. Further research on the effect of multi-
component interventions and the effect of interventions
in one setting on vegetable consumption in another set-
ting is warranted to ensure that interventions are com-
plementary and avoid unintended consequences.

The effects of interventions in the food retail sector,
food service and food relief settings have not been re-
ported in systematic reviews that met eligibility criteria
for this rapid review. The key criterion that limited the
inclusion was the objective reporting of vegetable intake,
separate from fruit. The retail setting is arguably a key
setting of influence in terms of food purchasing and
hence, dietary intake. Households purchase nearly all
their food within the retail setting,62 and in Australia, for
example, two-thirds of food purchases are from super-
markets.®® Supermarkets have extensive population
reach, and through the products that they have for sale,
both price and promotion can substantially influence
purchasing patterns and, in turn, eating habits. De-
termining the impact of interventions in the retail setting
to increase vegetable intake, and others without a strong
evidence base, is an important focus for future systematic
literature reviews.

This rapid review followed the Cochrane rapid review
methods and reported findings consistent with the
PRIOR reporting guidelines. The search strategy was
developed in collaboration with an experienced librarian
and reviewed by experts. The search was focused, in
terms of impact on vegetable intake separate to fruit, but
broad in nature to cover a range of settings in which
vegetables are consumed by different population groups.
Review articles were limited to those published since
2014, but would have included primary studies con-
ducted over 30 years ago.”* All screening processes were
conducted by two reviewers independently, and data
were extracted by one reviewer but checked by a second
for all articles. Despite its strengths, some review limi-
tations must be acknowledged. Across studies included in
the reviews, different measurement methods were used to
determine consumption (e.g., servings, grams, pieces,
cups, portions, times, percentage consumption, selec-
tion). Serve size was not always defined in reviews, and
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likely differed between reviews, based on where they were
published. There is a need for standardisation of food
volume measurement terminologies used and units re-
ported.®* Tt was also challenging to synthesise findings
from all reviews included due to the different reporting
metrics used in the articles. Findings reported as effect
size and serves consumed could not be combined within
the scope of this review but would be useful information
to inform future in nutrition interventions. Publication
bias cannot be ruled out; therefore, the findings of this
review may over-emphasise the effect of interventions.

CONCLUSION

Most evidence regarding the promotion of vegetable
intake was derived from systematic reviews of inter-
ventions conducted in schools, at home or in mixed
settings. There was a lack of reviews that had quantified
the impact on vegetable intake of interventions con-
ducted in the retail setting, secondary or tertiary edu-
cation, food service, food relief programmes or aged
care settings. The average increase in vegetable intake
across all settings was +0.12 serves per day, but up to
+0.4 serves achieved in the home or school setting.
Current findings highlight the urgent need for further
development and evaluation of behaviour change pro-
grammes to address the adverse health impact of un-
derconsumption of vegetables. Current results also
suggest that such investment in research could be
especially powerful if key methodologic aspects across
settings were a priori harmonised to include use of
standardised tools to assess changes in vegetable con-
sumption, to allow meta-analysis of results across
studies and comparisons across settings. Strengthening
the evidence base for a multi-setting approach covering
the life course from early childhood to older ages will
not only increase the likelihood of identifying the most
effective behaviour change strategies but also help cat-
alyse a societal-wide shift toward a healthier food
environment.
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