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Context: School-based nutrition interventions can support healthy eating in chil-
dren. Objective: To identify components of school-based nutrition interventions
and synthesize the impact on consumption of fruits and vegetables (FV) and nutri-
tion knowledge (NK) in children aged 4–12 y. Data sources: Following Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines and PICOS in-
clusion criteria, relevant systematic reviews and/or meta-analyses, written in
English, published between 2010 and August 2020, across 6 databases were identi-
fied. Data extraction: Two reviewers independently performed data extraction
and assessed the study quality. Data analysis: The JBI Critical Appraisal
Instrument for Systematic Reviews and Research Syntheses was used to assess re-
view quality, and the Grading of Recommendations Assessment, Development, and
Evaluation approach was used to rate strength of evidence. Results: From 8 in-
cluded reviews, 7 intervention components were identified: FV provision, gaming/
computer-delivered, curriculum, experiential learning, reward/incentives, nudging,
and caregiver involvement. FV provision had the greatest effect on F intake,
gaming/computer-delivered on V intake, and curriculum on NK. Conclusion: FV
provision and gaming/computer-delivered components showed, overall, some posi-
tive effect on FV intake, as did the curriculum component on NK. More evidence
evaluating single-component effectiveness that considers the setting and context of
nutrition interventions is required to strengthen the evidence base.
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INTRODUCTION

The school environment, including policies, curricula,

and staff, can have an important impact on child eating

behavior.1 Schools can establish policies to promote

healthy eating through the foods and beverages offered

there.2 Additionally, they can be an effective setting for

educating children about food and nutrition.3 Schools

provide an optimal learning environment that reaches

children from all socioeconomic backgrounds.4

Therefore, many school-based nutrition programs have

been developed and evaluated in recent decades.5

Several school-based nutrition interventions that aimed

to increase consumption of fruits and vegetables (FV)

among children have been found to be effective.6,7 For

example, 1 review reported that providing schools

healthy foods in a familiar way to children, involving

taste and preparation of these foods, resulted in chil-

dren making healthier food choices.8 This is of great

importance because research shows that unhealthy eat-

ing habits are related to childhood overweight, which,

in turn, is significantly associated with adverse school

outcomes.9,10 High intakes of energy-dense foods that

are high in added fat and sugars can contribute to an

energy imbalance with total energy intake exceeding

needs, which, in turn, contributes to weight gain and,

potentially, development of obesity.11

Diets high in FV have both a high-fiber content

and lower energy density and therefore may support

the prevention of overweight and obesity by inducing

fullness and decreasing total energy intake.12 Some

studies suggest FV consumption may be associated with

better school performance, with children whose dietary

habits are poor having lower school achievement than

children with healthier dietary patterns.13,14 Results of

several international studies have identified that average

FV intakes of children are160–240 g FV/day, well below

the recommended 400 g/day target set by the World

Health Organization.15 This low FV intake in children

may be explained by several barriers that prevent chil-

dren from consuming FV, including those at the intra-

personal, interpersonal, community, and macro levels.16

Intrapersonal factors such as a low preference for FV or

negative perceptions toward FV can prevent a child

from trying and/or consuming FV. Interpersonal fac-

tors, such as low FV availability at home or lack of en-

couragement from caregivers to eat FV can also limit

intakes. In addition, factors at the community level,

such as low FV availability in stores or in the school en-

vironment can be a barrier to FV intake in children. On

the macro level, production, availability, convenience,

cost, and media advertising and promotion of un-

healthy foods can also adversely influence

consumption.16,17

One study identified that children with obesity are

up to twice as likely to consider themselves poor-
performing students, compared with children at a

healthy weight.9 It has been reported that moving from
not-overweight to overweight between kindergarten en-

try and end of third grade was significantly associated
with lower test scores, teacher ratings of social-
behavioral outcomes, and approaches to learning, but

only among girls, whereas boys who became overweight
had significantly more absences from school than did

boys who remained at a normal weight.10

School-based nutrition interventions to date have

adopted a variety of strategies to improve children’s
healthy eating behavior.18,19 Given that intervention

aims, methods, and activities often differ between pro-
grams, the Joint Research Centre, the European

Commission’s in-house science service,20 conducted a
review on how to promote FV consumption in schools

and categorized various components of interventions as
follows: (1) education components, targeting school

children directly; (2) environmental components, tar-
geting the school environment, including school staff

but not students; and (3) parental and family compo-
nents, which involve parents to reinforce the school in-

tervention. Mak et al20 identified 66 successful
intervention studies that reported an increase in FV

consumption in children, whereby 16 studies imple-
mented education components only and 50 studies in-

cluded a multicomponent approach (ie, education,
environment, and/or parental components). Similar

findings have been reported by other studies, indicating
that interventions implementing a multicomponent ap-

proach were more successful than single-component
interventions.19–22 Although the successes of multicom-

ponent programs are well documented, it is unclear
which program components were successful. Evans et

al19 highlighted the need to evaluate the effectiveness of
individual components, given the diverse nature of

multicomponent programs and that many will be diffi-
cult to replicate due to considerable funding, time, and
resource requirements.3,19,23 In addition, single-

component programs, such as those providing and dis-
tributing free or subsidized FV, have been rated as less

complex and risky by teachers, compared with multi-
component programs.24 Having a better understanding

of the effectiveness of individual components could
contribute to development of more effective programs.

Combining only effective components could enhance
impact, with children encouraged to consume FV

through multiple strategies (eg, class lessons, greater FV
availability in schools) while saving time and resources

related to ineffective components. Hence, knowing
which individual components are most effective is

important.
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To gain more insight into the effectiveness of

school-based nutrition programs, several systematic
reviews have been conducted.19,22 However, every re-

view has its own inclusion criteria, outcomes, and focus,

with results mixed or interpreted differently based on
the review aim. These reviews include results of multi-

component studies, without reporting the effect of the

components individually. Therefore, it remains unclear
what components of school-based program are most ef-

fective in improving healthy eating behavior in chil-

dren. To address this knowledge gap, systematic
reviews and meta-analyses of nutrition program com-

ponents targeting FV intake in children aged 4–12 years
are examined in this review, and an overview is pro-

vided of individual intervention components and their

effectiveness. Here, the term components refers to the
strategies, elements, techniques, activities, or mecha-

nisms of a program designed to change behavior and

achieve the program’s goal (eg, increase child FV
intake).25

Given the volume of systematic reviews to date, an
umbrella review, which synthesizes existing systematic

reviews, was conducted to provide an overview of exist-

ing evidence to guide practitioners and policy makers
in their decision-making.26,27

METHODOLOGY

This umbrella review was conducted according to the
preregistered protocol deposited in June 2020 with

PROSPERO (registration no: CRD42020152394; www.

crd.york.ac.uk/PROSPERO/display_record.php?ID=
CRD42020152394).

Search strategy

Database searches, keywords, and index terms were
identified and reviewed in collaboration with an experi-

enced academic librarian. The following 6 electronic

databases were searched: Medline, Embase, PsycINFO,
CINAHL, ERIC, and Scopus. Because systematic

reviews or meta-analyses use a broader time frame, the

search included reviews published from 2010 to August
2020. Searches were limited to those published in

English, and terms were used that related to nutrition

programs for primary schools and healthy eating in
children (Table S2 in the Supporting Information on-

line). PROSPERO and the JBI Database of Systematic

Reviews and Implementation Reports were searched to
identify any existing umbrella reviews on the same

topic. No unpublished or grey literature was searched,
because it seemed unlikely that conducted reviews in

this area had not been published. EndNote X9 software

was used to manage all references.

Study selection

All articles retrieved from the search were first screened

on the bases of title and abstract by 2 reviewers inde-

pendently. All potentially relevant full texts were

assessed against the PICOS (Population, Intervention,

Comparators, Outcome, and Study design) inclusion

and exclusion criteria (Table 1) independently by 2

reviewers (A.V. and B.M.F.). Disagreements were re-

solved through discussion or with an additional inde-

pendent evaluation of a third reviewer (T.B.). The study

selection was managed using Covidence.28

Methodological quality rating

The methodological quality of the included reviews was

assessed by 1 reviewer (A.V.) using the standard JBI

Critical Appraisal Instrument for Systematic Reviews

and Research Syntheses.27 A second reviewer (B.M.F.)

reviewed the quality rating critically and any disagree-

ments were resolved through discussion.

Data extraction

From each individual review the following data were

extracted: author/year, objectives, number of included

studies, participants (characteristics and total number),

intervention component(s) (eg, fruits [F], vegetables

[V], or FV provision; school lessons about nutrition;

caregivers’ involvement), measure instruments, results

or outcomes (ie, effect on children’s FV intake and nu-

trition knowledge [NK]), and recommendations for

practice and research, based on the standardized data

extraction format in Covidence.28

Intervention components were categorized on the

basis of the reviews’ program descriptions and, if

unclear, program-component content of primary stud-

ies was retrieved. In cases where multiple components

were combined within 1 program or intervention (eg,

an intervention with lessons about nutrition and FV

provision in school) without evaluating the components

separately, the study was excluded. When data from the

included systematic reviews or meta-analyses were

unclear or missing (eg, number of participants), the pri-

mary studies were retrieved and data extracted for the

present umbrella review. In cases where additional out-

comes were reported, such as health-related measures

(eg, body mass index, sugar intake), population groups

(eg, infants, adults), intervention context (eg, home

based, after-school based), only the subset of relevant

studies (ie, those discussing FV intake and NK in pri-

mary school–aged children) was extracted for synthesis.

Primary studies that were included in multiple reviews

were cross-checked for accuracy and reported only
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once to avoid duplication of results (see Table S3 in the

Supporting Information online for included reviews

and primary studies).

Data summary

Findings were categorized by nutrition-program com-

ponents. The quality of evidence for each component

against FV intake and NK was assessed using the

Grading of Recommendations Assessment,

Development, and Evaluation (GRADE) approach, by 2

reviewers independently (A.V. and B.M.F.).29,30 The

GRADE approach is a framework for systematically

presenting summaries of evidence; it informs the

strength of recommendations for practice.29,31,32

GRADE identifies the following 5 categories: (1) risk of

bias (considering limitations in study design or execu-

tion and randomization); (2) imprecision (sample size,

number of included studies); (3) inconsistency (hetero-

geneity level measured by I2: low heterogeneity, I2 <

40%; moderate, I2 ¼ 40%–60%; and high, I2 > 60%); (4)

indirectness of evidence (applicability of studies to the

PICOS of interest); and (5) publication bias (considered

if all relevant studies are included). These 5 categories

address nearly all issues that influence recommenda-

tions based on the evidence.30 The GRADE approach

was chosen because it has been used in previous um-

brella reviews in this field.29,30,33

The evidence of impact of individual components

on each relevant outcome is presented by using a color-

coded “traffic-light indicator” based on average results

of the primary studies for each specific outcome. Green

indicates an effective or beneficial intervention; amber

indicates no intervention effect, no significant results,

or no clear effect, due to insufficient data reported; and

red indicates an adverse effect of the intervention com-

pared with the control group. Effect sizes (ESs) were

reported and other measures (eg, FV changes in grams)

were only listed when ESs were unreported. ESs with

r¼ 0.10 are defined as small effect (the effect explains

1% of the total variance); r¼ 0.30 indicates medium ef-

fect (the effect accounts for 9% of the total variance),

and r¼ 0.50 defines large effect (the effect accounts for

25% of the variance.34

RESULTS

Study inclusion

The Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) framework was used for

presenting the study selection (Figure 1).35 The searches

in the databases resulted in 744 records for screening.

After removing 197 duplicates, 547 articles were

screened on the bases of title and abstract, and 63 po-

tentially relevant articles were identified for full-text

screening. Of those 63 full texts, 55 articles were ex-

cluded (eg, no FV intake or NK reported as outcome).

This resulted in a total of 8 reviews that met the inclu-

sion criteria and were included in the present umbrella

review.1,19,22,36–40

Methodological quality

All included reviews met 5 out of the total 11 quality ap-

praisal criteria (questions [Qs] Q1, Q2, Q3, Q4, and

Q8) listed in the JBI Critical Appraisal Instrument for

Systematic Reviews and Research Syntheses27

(Table 2).1,19,22,36–40 Criteria Q5 and Q11 were met by

all reviews, except 1 for each criterion (1 study did not

report any details on critical appraisal [Q5]37 and 1

study did not list any recommendations for future re-

search [Q11]40). The remaining 4 criteria (Q6, Q7, Q9,

and Q10) were not met or were rated as unclear due to

insufficient reported information. Two reviews did not

conduct critical appraisal (Q6) by 2 or more

Table 1 PICOS criteria for the inclusion of studies
Category Inclusion Exclusion

Participants Primary school children aged 4-12 y Children aged <4 or >12 y; children with special needs
(eg, obesity only)

Intervention School-based health promotion interventions, with the
main aim of improving or promoting FV consumption
and/or NK in primary school children

Interventions on mental or emotional health, eating dis-
orders, community farming or gardening only, and
cultural aspects

Comparator With control group Without control group
Outcomes Quantitative results of child F, V, or FV intake (eg, grams

or ES) and/or NK (eg, score or ES)
No quantitative results of child F, V, FV intake, or NK (eg,

described only)
Study design Systematic reviews and meta-analyses of quantitative

studies. Only results from relevant intervention studies
were extracted for inclusion. Reviews published in
English language between 2010 and August 2020

When results for children, school-based, or FV intake
and NK were not reported separately (eg, only report-
ing means for the whole study sample including chil-
dren and adults). Studies of multicomponent
programs only if no separate results for the individual
components were listed

Abbreviations: F, fruit; FV, fruits and vegetables; NK, nutrition knowledge; V, vegetable.
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reviewers,37,38 were reported as “no”, and 1 review36

was rated unclear that reported the critical appraisal

was conducted by 3 of the review’s authors but did not
report if this was done independently. Two reviews did

not implement methods to minimize errors in data ex-
traction (Q7),37,40 and although authors of 1 review did

mention they used standardized forms, they did not re-
port if this was done in duplicate or independently.36

Four reviews did not assess the likelihood of publication
bias (Q9)1,36,38,40 and, for 1 review,39 it was unclear if

the authors assessed publication bias. Two reviews did

not report recommendations for policy and/or practice
(Q10) and, therefore, did not meet the quality

criteria.1,38

According to the GRADE assessment of strength of

evidence for recommendations, the primary studies in-
cluded in the reviews were generally rated as being of

“low quality”, described as “Our confidence in the effect
estimate is limited: The true effect may be substantially

different from the estimate of the effect”.30 Almost all
outcomes were downgraded by 1 level due to presence

of heterogeneity. The second most common reason for

Figure 1 PRISMA flowchart of study selection and inclusion process

Table 2 Critical appraisal of included reviews27
Included reviews Questiona No. of criteria met

1 2 3 4 5 6 7 8 9 10 11

Delgado-Noguera et al (2011)36 Y Y Y Y Y U U Y N Y Y 8
Dudley et al (2015)1 Y Y Y Y Y Y Y Y N N Y 9
Evans et al (2012)19 Y Y Y Y Y Y Y Y Y Y Y 11
Langellotto et al (2012)37 Y Y Y Y N N N Y Y Y Y 8
Metcalfe et al (2020)38 Y Y Y Y Y N Y Y N N Y 8
Micha et al (2018)22 Y Y Y Y Y Y Y Y Y Y Y 11
Morgan et a. (2020)39 Y Y Y Y Y Y Y Y U Y Y 10
Silveira et al (2011)40 Y Y Y Y Y Y N Y N Y N 8
aQuestion (Q)1: Is the review question clearly and explicitly stated? Q2: Were the inclusion criteria appropriate for the review question?
Q3: Was the search strategy appropriate? Q4: Were the sources and resources used to search for studies adequate? Q5: Were the crite-
ria for appraising studies appropriate? Q6: Was critical appraisal conducted by �2 reviewers independently? Q7: Were there methods
to minimize errors in data extraction? Q8: Were the methods used to combine studies appropriate? Q9: Was the likelihood of publica-
tion bias assessed? Q10: Were recommendations for policy and/or practice supported by the reported data? Q11: Were the specific
directives for new research appropriate? Based on Chai et al.33

Abbreviations: ES, effect size; N, no; U, unclear; Y, yes.
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downgrading quality level was the low quality of the pri-

mary study, according to the reviews. Risk of bias was
also indicated in more than half of the reviews, and a

few were downgraded on the basis of having a non-

randomized study design. See Table S3 in the
Supporting Information online for more details on the

GRADE results for each component and identified

outcomes.

Program components

The following 7 nutrition program components were

identified on the basis of descriptions provided in sys-

tematic reviews: (1) FV provision; (2) gaming/
computer-delivered; (3) curriculum; (4) experiential

learning; (5) reward/incentives; (6) nudging; and (7)

caregiver involvement.

FV provision Programs using the FV-provision compo-
nent focused on FV availability and accessibility in the

school environment. The retrieved systematic reviews

included the following descriptions: free or subsidized
school FV distribution, fruit-distribution scheme, food

provision such as the availability of FV at lunchtime or

in tuck shops (ie, a small retailer close to the school) or
free FV distribution19; interventions providing healthful

foods or beverages in classroom, also described as

“direct provision” and “indirect provision”, meaning
the availability of healthful foods in cafeterias, tuck

shops, or vending machines,22 school food service (edu-

cational practices), or school nutrition policy (food or
meal delivery).40

Gaming/computer-delivered Programs using the
gaming/computer-delivered component refer to pro-

grams including internet-administered activities that

provide children with information on healthy eating in
an entertaining way. One example is “Squire’s Quest!”,

which is a 10-session game delivered over 5 weeks that

includes 25 minutes per session on information about
healthy eating. Squire’s Quest! includes activities to in-

crease FV preferences through multiple exposures and

associating fun with FV intake, increase asking for FV
at home, and increase skills in preparing FV through

making virtual recipes.41

The retrieved systematic reviews included the fol-

lowing descriptions: a psychoeducational multimedia

game, internet-based feedback from questionnaires,19

educational games or use of internet,40 board games or

computer-based interventions or interventions using a

computer-based approach,36 web-based approaches
such as internet-based resources or feedback mecha-

nisms that could be accessed by students at home or at

school.1

Curriculum Curriculum-based programs include activi-

ties or strategies whereby teachers provide children

with information on the importance of healthy eating

through cognitive learning activities and materials that

have similar design to other core curriculum subjects,

such as group discussions or storytelling. For example,

Taste Lessons, which includes a national school-based

nutrition program for primary school children aged 4–

12 years, consists of 10–12 lessons on 5 themes related

to health (taste, nutrition and health, cooking, food pro-

duction, and consumer skills) delivered over 2 school

years and includes activities such as taste activities/

experiments or assignments.42 Other curriculum-based

programs included lessons on identifying the food

groups, the nutritional qualities of FV, and discussing

the importance of healthy eating,43 or included in-class

visits from a nutritionist who discussed topics such as

macro- and micronutrients, digestion, nutritional

needs, and obesity.44

The retrieved systematic reviews included the fol-

lowing descriptions: school lessons as part of the school

curriculum19; curriculum initiatives or an evaluations/

curriculum approach, such as specialty-nutrition educa-

tion programs beyond existing health curricula deliv-

ered by teachers or specialists; and cross-curricular

approaches including nutrition-education programs de-

livered across �2 traditional primary school subjects

(eg, science or math),1 traditional nutrition education

programs without a gardening component (eg, nutri-

tion lessons designed to support other subjects [eg, sci-

ence and math], and targeted healthy eating

behaviors.37

Experiential learning Children who participate in a pro-

gram based on an experiential learning component join

activities focused on developing skills related to FV con-

sumption (eg, preparing a healthy snack). Experiential

learning has been described in the literature as practice-

based education whereby children learn by doing and

explore the knowledge content.45 An example would be

a program in which students maintained a garden

through weeding, watering, and harvesting, and partici-

pated in other garden activities such as a salsa-making

workshop, class cookbook, and food experiences with

harvested FV from the garden.46

The retrieved systematic reviews included the fol-

lowing descriptions: experiential learning (cooking, en-

vironment, and community garden),1 garden-based

educational activities, hands-on gardening activities in a

garden where a variety of FV were grown (eg, drying

herbs, developing a cookbook inspired by the garden,

planting a variety of vegetable seeds, maintaining the
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garden, or preparing a salad from garden-grown

vegetables).37

Reward/incentives Programs using the reward/incen-

tives component refer to a setting where children re-

ceive small rewards (eg, stickers, pencils, erasers) paired

with praise encouragement for eating FV47 and reward-

ing children, through stickers and praise encourage-

ment, for tasting an initially disliked food.48

The retrieved systematic reviews included the fol-

lowing descriptions: contingent reinforcement

approaches, such as rewards or incentives given to stu-

dents in response to desired behavior; animation ab-

straction; and contingent reinforcement for FV intake

or contingent reinforcement for vegetable tasting.1

Nudging Children who participate in a program includ-

ing a nudging component are encouraged in a gentle

way to choose the healthier food option in the school

setting (eg, through the school canteen). Nudging is de-

fined as “any aspect of the choice architecture that alters

people’s behavior predictably without forbidding any

options or significantly changing their economic

incentives”.49 The retrieved systematic reviews included

the following descriptions: Metcalfe et al38 included pri-

mary studies comparing schools with salad bars and

schools without salad bars50; using attractive bowls or

baskets, signage, and images promoting FV; changing

FV placement51; and verbal prompts promoting healthy

items.38

Caregiver involvement Programs that include the

caregiver-involvement component engage caregivers in

the activities or strategies to support healthy eating by

children. The retrieved systematic reviews included the

following descriptions: Morgan et al39 reported that

caregiver participation in interventions to improve

children’s dietary intake can be active or inactive: (1)

active caregiver intervention components include ask-

ing caregivers to physically attend at the event, or par-

ticipate in other intervention activities; whereas (2)

inactive caregiver intervention components are those in

which caregiver participation is limited to receiving in-

formation, such as a newsletter.39

Characteristics of included reviews

The 8 included reviews were published between 2011

and 2020 (Table 3).1,19,22,36–40 and included 2 systematic

reviews,38,40 5 systematic reviews with meta-analy-

sis,1,19,22,36,39 and 1 meta-analysis.37 FV consumption

was assessed in all included reviews, and NK was only

assessed in 2 reviews.1,37

The FV provision component was assessed in 4

reviews,19,22,36,40 including 10 randomized controlled
trials (RCTs) and 5 nonrandomized controlled trials

(NRCTs; primary studies). The gaming/computer-

delivered component was listed in 4 reviews,1,19,36,40

based on 8 RCTs (no NRCTs), whereas the curriculum

component was reported in 3 reviews,1,19,37 4 RCTs,

and 8 NRCTs. The experiential learning component
was reported in 2 reviews1,37 and 3 NRCTs (no RCTs).

One review,1 including 1 RCT and 1 NRCT, reported

the reward/incentives component, and 1 review38

addressed the nudging component (with 4 RCTs). The

last component, caregiver involvement, was assessed in

1 review,39 including 1 RCT (no NRCTs).
The included 8 reviews reported, in total, 33 pri-

mary studies (12% of the total 282 primary studies) that

were relevant for this umbrella review, published be-
tween 1973 and 2017. Some primary studies were listed

in multiple reviews. Of the relevant primary studies, 9

(27%) were included in �2 reviews of the umbrella re-
view (Table S3 in the Supporting Information online).

Review findings

All reviews reported at least some positive impacts of
the assessed intervention components on children’s FV

intake and/or NK. Besides those positive effects, 2

reviews showed slightly negative effects (eg, 1 primary
study resulted in negative effect on F intake effect).22,37

The results of each individual component are discussed

in the following sections (see Table S4 in the
Supporting Information online for more details).

FV provision In total, 8 primary studies reported the
FV-provision component.52–59 Regarding FV-provision

single-component programs, the most positive effect

was found on F intake and mixed results were found on
V intake by children. Five primary studies showed posi-

tive effect on F intake,52–56 with an ES ranging from

0.09 to 0.58, and a total sample size of 10 166 partici-
pants. V intake was measured in 3 studies, with 2 stud-

ies reporting a negative effect,53,55 with an ES ranging

from –0.03 to –0.10; the third study found a positive ef-
fect, with an increase of 20.7 g/day.57 FV intake was

measured in 5 primary studies, which reported mixed

results, with 2 studies reporting positive effects,53,58 and
3 studies reporting no effect.54,55,57 The strength of rec-

ommendations for practice, based on the GRADE ap-

proach, ranged from very low (V intake) to moderate (F
and FV intake), with presence of heterogeneity as the

main reason for downgrading by a level.

Gaming/computer-delivered Four primary studies evalu-

ated the gaming/computer-delivered component.41,60–62
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Table 3 Characteristics of included systematic reviews and meta-analysesDelgado-Noguera et al. (2011)36 (3/19)
Reference (relevant/to-
tal primary studies)

Outcomes assessed Components assessed (no.
of primary studies)

Standardized mean differ-
ences or ESsa and main

results and findingsb

Conclusionsb

FV intake FV provision (1 RCT)
Gaming/computer (2 RCTs)

SMD
FV provision: no significant

results (SMD: 0.02 (95% CI
-0.11, 0.14)

Gaming/computer: 2 studies
showed positive effect
(SMD, 0.33 [95%CI, 0.16,
0.50] and SMD, 0.27
[95%CI, 0.06, 0.48]).

FV provision: the interven-
tion was not effective

Gaming/computer: the
interventions were effec-
tive in increasing FV
intake

Dudley et al. (2015)1
(16/49)

FV intake
NK

Gaming/computer (1 CCT
and 2RCTs)

Curriculum (4 RCTs, 6
NRCTs)

Experiential learning (1
NRCT)

Reward/incentives (1 NRCT,
1 RCT)

ES (Cohen’s d)
Gaming/computer: 1 study

indicated positive effect
on NK and FV intake (ES,
0.77 and E, 0.15, respec-
tively) and 1 study found
significant effect on NK
(ES, NR). One study did
not find any significant
results.

Curriculum: Five studies
found significant results
for F/V intake, FV intake,
or NK, but did not report
ES. Three studies did not
find significant results for
NK, V intake, or FV intake.
One study found positive
effect on FV intake, V in-
take, and NK (ES, 0.10,
1.04, and NR, respec-
tively), but no effect on F
intake (NS). One study
found positive effect on F
intake, V intake, and NK
(ES, 0.74, 0.28, 0.59, re-
spectively), but no signifi-
cant effect on FV intake
(ES, 0.47).

Experiential learning: 1
study found positive effect
on NK in 2 groups grades
K–3 and grades 4–6 (ES:
1.98 and 1.94,
respectively).

Reward/incentives: 1 study
showed positive effect on
F intake for both age cate-
gories (ES for ages 5–7 y;
2.12; and ES for ages 7–
11 y: 2.36) and signifi-
cance was NR for V intake,
but the ESs were, for ages
5–7 y and 7–11 y, 2.01 and
1.51, respectively. One
study showed significant
results for V intake but ES
was NR.

Gaming/computer: mixed
results, but slightly posi-
tive effect on FV intake
and NK

Curriculum: mixed results,
but the curriculum com-
ponent generally contrib-
utes to enhancement of
FV intake and NK

Experiential learning: posi-
tive effect on NK, but only
based on 1 study

Reward/incentives: positive
effect on F and V intake,
but only based on 2 stud-
ies that include some in-
sufficient data (NR)

Evans et al. (2012)19
(8/27)

FV intake FV provision (2 RCTs, 3
NRCTs)

Gaming/computer (2 RCTs)
Curriculum (1 NRCT)

Weighted MD (95%CI) by
using n and SEM

FV provision: 2 studies did
not find an effect, 1 study
found positive effect on

FV provision: mixed results
with neutral/positive
effects, with only few pos-
itive effects found on FV
intake

(continued)
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Table 3 Continued
Reference (relevant/to-
tal primary studies)

Outcomes assessed Components assessed (no.
of primary studies)

Standardized mean differ-
ences or ESsa and main

results and findingsb

Conclusionsb

FV intake (increase of 1 FV
portion), 1 study indicated
positive effect on F intake
(MD, 0.09 [–0.20, 0.38])
and 1 study found posi-
tive effect on V intake (0.1
portion difference), but no
effect on FV intake.

Gaming/computer: 1 study
found positive effect on V
intake (MD, 0.24 [0.10,
0.38]), and 1 study found
slightly positive effect on
V intake (MD, 0.02 [–0.14,
0.18]), but negative effect
on F intake (MD, –0.10 [–
0.22, 0.02]).

Curriculum: 1 study found
positive effect on FV in-
take (MD, 2.7 [–0.12,
5.52]) and V intake (MD,
2.10 [0.96, 3.24]), but neg-
ative effect on F intake
(difference, –0.5 portion).

Gaming/computer: positive
effect on V intake, but
negative effect on F intake
(which is only based on 1
study)

Curriculum: positive effect
on FV and V intake, but
negative effect on F intake
(only based on 1 study)

Langellotto et al.
(2012)37 (3/20)

FV intake
NK

Curriculum (1 NRCT)
Experiential learning (2

NRCTs)

ES (Hedge’s g)
Curriculum: 1 study found

positive effect on F (inter-
vention ES, –0.141, control
ES, –0.256) and V intake
(intervention ES, 0.038,
control ES, –0.126).

Experiential learning: 1
study found positive effect
on F (intervention ES,
0.115, control ES, –0.028)
and V intake (intervention
ES, 0.122, control ES, –
0.082), and 1 study found
negative effect on NK (in-
tervention ES, 0.201, con-
trol ES, 0.274), but
positive effect on V intake
(intervention ES, 3.75,
control ES, –0.106).

Curriculum: positive effect
on F and V intake but
based on 1 study

Experiential learning: posi-
tive effect on F and V in-
take, but negative effect
on NK (the NK result is
based on 1 study)

Metcalfe et al. (2020)38
(4/29)

FV intake Nudging (4 RCTs) Outcome results (based on
primary studies)

Nudging: 2 studies did not
find any significant results,
1 study found positive ef-
fect on F intake (0.73 serv-
ings pre- and 0.83
postintervention), and V
intake (0.57 servings pre-
and 0.86 postinterven-
tion). One study found
positive effect on F con-
sumption (students who
selected fruit were more
likely to consume fruit in
the intervention school
[87%] compared with the

Nudging: mixed results
with neutral/positive
effects. Two studies
showed positive effect
on F and/or V intake.

(continued)
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Table 3 Continued
Reference (relevant/to-
tal primary studies)

Outcomes assessed Components assessed (no.
of primary studies)

Standardized mean differ-
ences or ESsa and main

results and findingsb

Conclusionsb

control schools [65%];
odds ratio, 2.3, [95%CI,
1.3–4.2]).

Micha et al. (2018)22
(6/91)

FV intake FV provision (4 RCTs, 2
NRCTs)

ES (mean changes standard-
ized across studies to con-
sistent units such as 80 g
serving/d for FV intake)

FV provision: 3 studies
found positive effect on F
intake (ES, 0.09, 0.30, and
0.43). One study found
positive results on F intake
(ES, 0.10), negative results
for V intake (ES, –0.10)
and neutral results for FV
intake (ES, 0.00). One
study found positive
results for F intake and FV
intake (ES, 0.58 and 0.55,
respectively), and nega-
tive results for V intake
(ES, –0.03). One study
found positive results for
FV intake (ES, 0.50).

FV provision: positive ef-
fect on F intake, nega-
tive effect on V intake
(based on 2 studies),
and neutral/positive ef-
fect on FV intake

Morgan et al. (2020)39
(1/23)

FV intake Caregiver involvement (1
RCT)

MD (95%CI) between inter-
vention and control group

Caregiver involvement: 1
study showed positive ef-
fect on FV intake (MD,
0.38 servings/d [–0.51,
1.27]).

Caregiver involvement:
positive effect on FV in-
take, but only based on
1 study

Silveira et al. (2011)40
(5/24)

FV intake FV provision (3 RCTs)
Gaming/computer (2 RCTs)

Outcome results (based on
primary studies)

FV provision: 1 study
showed positive effect on
F intake (MD, 0.31 pieces/
d), 1 study did not find
significant results, and 1
study showed positive ef-
fect on FV intake (serv-
ings/d) at school (post hoc
analysis: intervention, 1;
control, 0.5), but nonsig-
nificant results for FV in-
take at home.

Gaming/computer: 1 study
showed positive effect on
F and V intake (MD, 0.52
and 0.24 respectively) and
1 study resulted in nonsig-
nificant results.

FV provision: mixed results,
neutral/positive effect on
F and FV intake

Gaming/computer: mixed
results, 1 no effect, 1 posi-
tive on F and V intake

aESs with r¼ 0.10 are defined as small effect—the effect explains 1% of the total variance; r¼ 0.30 as medium effect—the effect
accounts for 9% of the total variance; and r¼ 0.50 is defined as large effect—the effect accounts for 25% of the variance.34

bBased on only relevant primary studies (eg, primary studies on adults, or after-school programs only are not included).
Abbreviations: CCT, cluster-controlled trial; ES, effect size; F, fruit; FV, fruit and vegetables; MD, mean difference; NK, nutrition knowl-
edge; NR, not reported; NRCT, nonrandomized controlled trial; NS, nonsignificant; QET, quasi-experimental trial; RCT, randomized con-
trolled trial; SMD, standard mean difference; V, vegetable.
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In contrast with FV provision programs, gaming/

computer-based programs resulted in positive effect on
V consumption, based on all 3 primary studies,41,60,61

with an ES ranging from 0.02 to 0.33 and a total sample
of 2211 participants. Mixed results were found for the

effect gaming/computer intervention on F intake: 1
study found positive effect of the intervention on F in-

take, with an ES of 0.5241 and another study indicated

negative effect, with an ES of –0.10.60 A positive effect
was found on FV intake in 2 studies, with an ES ranging

from 0.15 to 0.91,41,62 and 1 study reported no effect.60

Two studies that used a gaming/computer component

approach assessed NK, with 1 study that found a posi-
tive effect (ES, 0.77)62 and 1 study found no significant

results (P< 0.005) but reported insufficient data to
measure the ES.61 The quality of evidence for this com-

ponent, based on the GRADE approach, ranged from

very low (FV intake and NK) to moderate (F intake),
with heterogeneity identified as the main reason for

downgrading the strength of evidence by a level.

Curriculum The curriculum component was assessed by
11 primary studies.43,44,63–71 Mixed effects were found

from curriculum-based interventions. Two studies

found a positive effect on F intake,64,65 but 2 other stud-
ies resulted in nonsignificant results43 or the authors

did not report sufficient data to measure the ES.63

Regarding V intake, 3 out of the 5 studies found a posi-

tive effect, with an ES ranging from 0.28 to 2.10,43,64,65

and 2 studies resulted in nonsignificant results67 or in-

sufficient reported information to assess the ES.66

Considering FV intake, only 1 study showed positive ef-

fect (ES, 2.70)43; 3 studies resulted in nonsignificant

results64,68 or did not report ES.44 NK was measured in
6 studies, but only 1 reported a significant ES, indicat-

ing a positive effect (ES, 0.59).64 The other 5 studies
resulted in nonsignificant results69 or did not report ES,

due to lack of information.43,66,70,71 The overall grade of
recommendations, based on the GRADE approach, for

all outcomes was assessed as very low, due to indicated
heterogeneity, nonrandomized study designs, low qual-

ity indicated in original review, and limitation in publi-

cation as reasons for downgrading the strength of
recommendations for practice by a level.

Experiential learning Three primary studies reported

the experiential learning component.46,72 Similar mixed
results were found for interventions using an experien-

tial learning component. One study found a positive ef-
fect on F intake,46 whereas 2 studies found a positive

effect on V intake (ES, 0.12–3.75).46,72 Mixed results

were found for NK, with 1 study reporting a positive ef-
fect (ES for grades K–3, 1.98 and grades 4–6, 1.94)73

and 1 study reported a negative effect (ES for

experiential group, 0.201; ES for control group,

0.274).72 Similar to the curriculum component, the
quality of evidence (by GRADE) for all outcomes was

assessed as very low due to indicated heterogeneity,
nonrandomized study designs, low quality indicated in

the original review, and limitation in publication as rea-

sons for downgrading the strength of evidence by a
level.

Reward/incentives The reward/incentives component

was evaluated in 2 primary studies.47,48 One primary

study resulted in a positive effect on both F and V in-
take (% eaten) as a result of a reward/incentives inter-

ventions (ES for F intake: ages 5–7 years, 2.21 and 7–
11 years, 2.36; ES for V intake: ages 5–7 years, 2.01 and

7–11 years, 1.51).47 One study reported insufficient data

on V intake to measure the ES.48 According to the
GRADE assessment, the quality of evidence ranged

from low (FV intake) to very low (F and V intake) with
indicated heterogeneity, low quality indicated in the

original review, and limitations in publication as the

main reasons for downgrading the strength of recom-
mendations for practice by a level.

Nudging Four primary studies reported the nudging

component.50,51,74,75 Mixed results were found for the

nudging component intervention, including 1 study
that showed a positive effect on F and V intake (via vi-

sual observation; F intake pre- and postintervention:
0.73 servings and 0.83 servings, respectively; V intake

pre- and postintervention: 0.57 servings and 0.86 serv-

ings, respectively).74 Similar positive results for F intake
(percentage who ate F, via visual observation) were

found in another study (intervention: 87%; control:
65%).75 Two studies did not identify any significant

results.50,51 The quality of evidence, based on the

GRADE approach, for all outcomes was assessed as very
low due to heterogeneity, nonrandomized study

designs, low quality indicated in original review, and
limitations in publication; and these were reasons for

downgrading the strength of evidence by a level.

Caregiver involvement Only 1 primary study reported

the caregiver involvement component, and it showed a
positive effect on FV intake (M ¼ Measurement time

point, intervention M1 (baseline): Mean: 1.89 (SD:

2.66), control M1: Mean: 1.80 (SD: 2.72); intervention
M2: Mean: 2.19 (SD: 2.50), control M2: Mean: 1.68 (SD:

2.41); intervention M3: Mean: 2.30 (SD: 2.82), control
M3: Mean: 1.93 (SD: 2.73); intervention M4: Mean: 2.31

(SD: 2.86), control M4: Mean: 2.27 (SD: 2.64)).76 The
quality of evidence was assessed as very low due to indi-

cated heterogeneity, nonrandomized study designs, low

quality indicated in the original review, and limitations
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in publications; and these were reasons for downgrad-

ing the strength of evidence by a level.

Summary of evidence

Table 4 provides a summary of the evidence for each in-

dividual component and included outcomes, with the

traffic-light visual indicator showing the effectiveness of
the components on the listed outcomes, based on aver-

age results. Only results highlighted in green (positive
effect) and amber (neutral/no effect) are listed, meaning

no component showed a less-effective (negative) effect.

The strength of recommendations, based on the
GRADE approach, is identified with asterisks, ranging

from 1, meaning very low quality, to 4, indicating high

quality of evidence. According to these results, FV pro-
vision, gaming/computer-delivered, and curriculum

component programs are most frequently listed in the

literature and score highest on level-of-evidence
strength. The remaining components also demonstrated

positive effects but were low in evidence strength and

were based on a few studies.

DISCUSSION

The purpose of this umbrella review was to identify nu-

trition initiative components and to synthesize the ef-
fect of each individual component on FV intake and/or

NK in primary school children. Seven components
were identified as described in Table 4: (1) FV provi-

sion, (2) gaming/computer-delivered, (3) curriculum,

(4) experiential learning, (5) reward/incentives, (6)
nudging, and (7) caregiver involvement. These compo-

nents have been grouped together in the discussion,

given that the issues identified relate to all components.
This umbrella review includes results from 8 sys-

tematic reviews, which included a total of 282 primary
studies, but only 33 studies (12%) were relevant for our

review. This might suggest that relatively few studies re-

port the effectiveness of single components on FV in-
take and NK in children, albeit it should be noted that

studies on individual components may potentially have

been excluded as part of the review criteria and, there-
fore, not included in this umbrella review (eg, 1 review

included only RCTs40). Another reason for this lack of

evidence may be that the current literature reports mul-
ticomponent programs as most effective, with the effec-

tiveness of individual components not separated out

from the total program; therefore, interventions use this
approach.19 Regarding program effectiveness on NK, 2

of the 8 reviews reported child NK as an outcome.1,37

Hence, it may be assumed by program developers that

enhancing child FV intake is more important than only

including an NK component for children, when, in fact,

this issue is understudied. One explanation for this lack

of literature on NK may be that FV intake is more com-
monly associated with health promotion than NK.77 NK

is shaped by lifelong personal experiences and beliefs
and plays an important role in changing eating behav-

ior.78 However, it must be acknowledged that the body
of literature does not clearly indicate a direct relation-
ship between NK and FV intake in children. This may

be because poor eating habits can be due to factors
other than NK, such as a deficient understanding of

consequences, poor skills (eg, cooking), low motiva-
tional levels, lack of confidence, and an unsupportive

environment.78 Additionally, the sensory property of
food (eg, sweetness, bitterness) may override a child’s

food preferences beyond their NK.79

NK is included in this review because multiple pro-

grams aim to increase NK, and it is suggested that NK
contributes to healthy eating behaviors.80–83

Furthermore, NK is included in most models related to
FV intake in children as an important personal-level

factor.84,85 In addition, previous research suggests NK
leads to higher FV intake when it is delivered with food

skills interventions and critical decision-making, which
relate to the term food literacy.80 Food literacy refers to

“the capacity of an individual to obtain, process and un-
derstand basic information about food and nutrition as

well as the competence to use that information in order
to make appropriate health decisions”.86 Several studies

have reported that higher food literacy is associated
with healthier eating patterns and better health and

well-being.87–91 It is suggested, therefore, that NK could
be a valuable outcome for school-based nutrition pro-

grams. However, given that there is heterogeneity with
the results from studies that focus on NK, and other fac-

tors affect children’s food intake, interventions that fo-
cus solely on NK may be not sufficient to increase FV

consumption.
Additionally, effective nutrition initiatives are de-

scribed as a complex undertaking that calls for a sys-
tematic and comprehensive assessment of the
determinants of the desired outcome to inform the in-

tervention.92 Most of the primary studies used a multi-
component approach without reporting single-

component effectiveness and, therefore, did not provide
data to inform the research question of this review. This

was not expected, given the large volume of literature
on the subject. However, this is still a valuable review

outcome and it highlights the need for more research in
the field of nutrition initiatives.

The few relevant studies on single-component ef-
fectiveness were low in overall study quality, especially

for 4 components (experiential learning, reward/incen-
tives, nudging, and caregiver involvement). For these,

the level of evidence strength was downgraded on the
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basis of heterogeneity, nonrandomized study designs,

low methodological quality of the original review, and/
or publication bias (Table S3 in the Supporting

Information online).27 It must be acknowledged as a
limitation that 1 of the methodological quality criteria

of the present review could have potentially biased find-
ings toward positive effects (Q10 in Table 2).27 Reviews
that have an inconclusive finding will not enable mak-

ing evidence-based recommendations; rather, they fo-
cus on gaps in the research and hence potentially have

limited implications or recommendations for policy
and/or practice. However, because the 2 reviews that

did not meet this criterion met most of the other crite-
ria (9 vs 8 of the total 11 criteria), it potentially had a

limited impact on the findings of the present review.
The description of the 7 effective components may

be abstract to some extent and lack specific descrip-
tions. This is due to the program descriptions in the re-

trieved studies being brief or lacking specific
information.93 Michie et al25 developed a method to de-

construct behavior change interventions into the so-
called behavior change techniques (BCTs) (n¼ 93).

BCTs are the “active ingredients” of programs that aim
to reach behavior change (eg, increasing FV consump-

tion) and are more detailed and actionable than the in-
dividual components identified in the present review.

BCTs can be used to identify previously unknown fac-
tors related to developing more effective programs, be-

cause they specify intervention content by using
standardized labels and clear definitions that are under-

standable by all users.25 Identifying the use of specific
BCTs could strengthen more-detailed reporting of pro-

gram components, with the Coventry, Aberdeen, and
London-Refined (CALO-RE) taxonomy as an appropri-

ate framework applicable to programs on healthy eat-
ing, which includes 40 BCTs.94 BCTs could not be used

for program evaluation in this review, due to the lack of
detail presented and the summarizing function of an

umbrella review. However, future studies measuring
program effectiveness may benefit from clear reporting
of BCTs used within the programs to improve the qual-

ity of research reporting and better inform program de-
velopment and evaluations.

Another key issue is the variety of outcome meas-
ures used to assess effectiveness of nutrition programs.

In this review, we reported several different types of
outcome measures, such as F intake based on visual ob-

servational,75 or a weighed instrument,50,51 or a 24-hour
recall.44,59,60,64,67 Although questionnaires were used

most often, the content of questionnaires was not often
shared, therefore making it difficult to compare with

other questionnaires and making interpreting the
results challenging and complex, because the quality of

these used instruments is often unknown. In addition,
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the validity of measures was not included in the inclu-

sion criteria of the present review to prevent exclusion
of relevant literature. Some results, therefore, should be

interpreted with caution because variation in the valid-
ity of the outcome measures exists. One might argue,

for instance, that the visual observation methods are
less valid than a questionnaire of known validity in
terms of the relative accuracy of what the questionnaire

aims to measure. To check for the sensitivity of the con-
clusions, data excluding the studies that used the visual

observation method74,75 were reanalyzed, but this did
not change the conclusions. Therefore, the full scope of

the included reviews is reported.
Similarly, inconsistency in reported measurement-

units use was observed. Some reviews reported FV in-
take in portions, whereas other reviews used number of

servings as unit. It is often not reported what 1 portion
or serving is in terms of grams or other household mea-

sure, making it difficult to compare results. Three
reviews addressed the unit content, namely 80 g serv-

ing/day for FV intake,19,22,39 which is in line with the
World Health Organization guidelines.77 Three other

reviews reported both portions and servings, based on
primary studies, and did not report unit content.1,38,40

Furthermore, Langellotto et al37 reported 1 serving of V
included 75 g and 1 serving of F consisted of 150 g,

based on previous research.95 One review described the
daily recommended intake of 400 g/day or 5 servings of

FV in the introduction, but included both servings and
portions throughout the article, without clarifying the

difference.36 It is recommended that future reviews con-
sistently report the units used and provide a description

or definition of used units, with servings from 80 g/day
being a preferred unit when reporting FV intakes.77

This is in line with literature on the lack of clarity about
serving sizes, which suggests standardizing the termi-

nology for measuring food portions to avoid
confusion.96

Another issue relates to children as the target group
for nutrition programs. Research indicates that children
from age 6 years can understand which foods are good

for their health.97 However, health messaging for chil-
dren and adolescents can be problematic,98 and strate-

gies that focus on taste, aesthetics, and play, which are
important drivers of children’s food choices, are prom-

ising.99,100 An example includes the earlier mentioned
Squire’s Quest! game that aims to increase children’s

preferences for FV by creating a fun experience.41

FV promotion in previous research is mostly com-

bined, without reporting results for F and V separately.
However, positive health outcomes are more related to

increased V consumption rather than F consumption,
because of the greater discrepancy with current intake

relative to recommendations, compared with F.

Moreover, children are generally closer to meeting F

consumption guidelines. For example, in Australia, 45%
of children aged 9–10 years met F intake, whereas only

9% met V intake.101 Also, the total FV consumed is of-
ten inflated by the increased amount of F, compared

with V. This may be explained by the fact that children
generally like F more than V, due to the sweetness of F
and the bitterness of V.79 Considering the important

health benefits of V but the low intake, it is recom-
mended to report F and V intakes separately. Also, pro-

grams that specifically aim to increase V intake and not
F intake, per se, are highly recommended.

In addition, 1 review1 included 9 primary studies
with no ES for at least 1 outcome (F, V, or FV intake or

NK)43,44,48,61,63,66,67 reported as “insufficient data
reported for calculation.”1 Even if these studies

addressed significant results, without the ES, their
results could not be included. Because of this lack of

data, we reported in this review several noneffective
results in the summary of evidence, whereas the effects

may be more positive or negative than identified in the
present study. Therefore, it is highly recommended that

future intervention studies report intervention ESs.
As previously reported, multicomponent programs

are identified as most successful.3,19,102 This could be
explained by the fact that children are encouraged to eat

FV through multiple approaches, for example, through
lessons in class, but also through the environment

where FV are available. The present review provides in-
sight into which individual components are effective.

This knowledge may help strategically combine compo-
nents to reach optimal impact and could help reduce

costs by cutting components with small or no effects.
When assessing the effectiveness of multicompo-

nent programs, it is not possible to determine the de-
gree to which the individual components contribute to

the increase of FV intake by children.1 Evaluation stud-
ies could assess the effectiveness of components sepa-

rately by using a quasi-experimental design with 3
arms: 1 group of children receives a single-component
program, a second group receives a 2-component pro-

gram, and a control group.103 Nevertheless, it must be
acknowledged that components might not be effective

in isolation but only in combination with other compo-
nents. However, a possible reinforcing effect could not

be included in the present review in regard to individual
components only.

Similarly, the finding that some programs do not
result in the desirable outcome may be due to the exis-

tence of several barriers that prevent children from eat-
ing FV, but a given program may only be targeting 1

barrier. For example, a program may aim to increase
FV intake, but FV availability remains low. In this case,

the program may not increase FV intake, because of a
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lack of availability. The finding that FV provision has

been identified as effective in the present study is not
surprising, therefore, because children are probably

more likely to eat FV when it is available, regardless of
other determinants related to FV intake. On the other

hand, children with better attitudes about or preferen-

ces for eating FV are still, to some extent dependent on
the availability of FV, because they basically cannot con-

sume any FV if none are available. FV provision, there-
fore, is more likely to result in increases in FV intake,

compared with other determinants.
Furthermore, previous research proposed that

determinants of FV intake include cultural, physical,
and social-environment factors.104 Klepp et al104

expected that environmental factors such as FV avail-

ability influence children’s FV intake more directly due
to children’s limited food-choice autonomy. The pro-

gram context is not included in the present review, al-
though this may be different for each study and is

expected to influence the results (eg, involvement of

caregivers may be possible in some schools but not in
others, due to barriers such as travel time for care-

givers). Research considering the context may be bene-
ficial in enhancing suitability of programs to specific

groups and may contribute to achievement of desirable
outcomes.

Results of the this umbrella review indicate promis-
ing impacts on 3 components: FV provision, gaming/

computer-delivered, and curriculum. Evidence for the 4

remaining components (experiential learning, reward/
incentives, nudging, and caregiver involvement) is

weak, mainly due to a lack of studies and/or low levels
of quality, especially for the caregiver involvement com-

ponent, for which only 1 study was identified.76

Integrating the home environment in nutrition pro-

grams has several challenges, such as nonresponse risk

and socially desirable answers. However, caregivers’
health promotion behavior (eg, FV provision) contrib-

utes to FV intake and NK in children, suggesting in-
volvement of the home environment may increase

success of certain programs.105,106 This field of research,
therefore, should be explored more. Some successes

have already been reported, based on well-controlled

evaluation studies, that have contributed to successful
programs now implemented routinely in some

schools.42

Recommendations for practice and future research

Based on the current results, it is recommended that

nutrition-program developers or implementers include
FV provision, gaming/computer-delivered, and/or cur-

riculum components. These components have the most

promising impacts on FV intake and NK in children to

date. However, it is highly recommended that the set-

ting and context of nutrition interventions be explored

in future programs. The multilevel-implementation

quality framework may be useful for particular studies

in which contextual factors are categorized at 3 levels:

(1) macro level (eg, community capacity to prioritize

healthy eating and allocate a budget for implementation

of health promotion programs), (2) school level (eg,

school food policies such as FV policy whereby children

can eat only FV during the morning breaks), and (3) in-

dividual level (eg, a positive attitude toward the pro-

gram enhances implementation quality), because 1

approach can be a success in a certain setting but less or

not successful in a different setting.107,108

Research on single-component programs is needed,

especially studies using high-quality and valid instru-

ments and quantitative methods (eg, reported ESs) to

measure outcomes. RCTs measuring both short- and

long-term effects are needed, along with studies on

caregiver involvement, given the evidence for this com-

ponent was based on only 1 primary study.76

CONCLUSION

School-based nutrition programs contribute to FV con-

sumption and NK in primary school–aged children. Of

the 7 components categorized, FV provision, gaming/

computer-delivered, and curriculum components had

an overall positive impact on FV intake. Although the

remaining 4 components (experiential learning, re-

ward/incentives, nudging, and caregiver involvement)

had some positive effects, these were less abundant in

the literature and were generally of lower quality.

Results indicate there are many opportunities for the

education sector to contribute to children’s health in

addition to their development. Additional standardized,

high-quality studies targeting specific settings and con-

texts, using valid instruments to measure change in FV

in single-component nutrition programs, or that assess

intervention components separately, are needed to fur-

ther evaluate the relative effectiveness of individual

components used to support healthy eating behavior in

children and, thereby, the future adult population.
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