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A B S T R A C T

Childhood obesity and associated modifiable risk factors exert significant burden on the health care system. The
goal of this systematic review and meta-analysis was to examine the effectiveness of school-based intervention
types perceived by Canadian stakeholders in health and education as feasible, acceptable and sustainable in
terms of improving physical activity (PA), fruit and vegetable intake, and body weight. We searched multiple
databases for studies that evaluated school-based interventions to prevent obesity and associated risk factors
(i.e., unhealthy diet, physical inactivity, sedentary behaviour) in children aged 4–18 years from January 1, 2012
to January 28, 2020. From 10,871 identified records, we included 83 and 80 studies in our systematic review
and meta-analysis, respectively. Comprehensive School Health (CSH) and interventions which focused on
modifications to school nutrition policies showed statistically significant positive effects on fruit intake of 0.13
(95% CI: 0.04, 0.23) and 0.30 (95% CI: 0.1, 0.51) servings per day, respectively. No intervention types showed
statistically significant effect on vegetable intake. CSH, modifications to physical education (PE) curriculum, and
multicomponent interventions showed statistically significant difference in BMI of −0.26 (95% CI: −0.40,
−0.12), −0.16 (95% CI: −0.3, −0.02), and −0.18 (95% CI: −0.29, −0.07), respectively. CSH interventions
showed positive effect on step-count per day, but no other types of interventions showed significant effect on any
of PA outcome measures. Thus, the results of this systematic review and meta-analysis suggest that decision-
makers should carefully consider CSH, multicomponent interventions, modifications to PE curricula and school
nutrition policies to prevent childhood obesity.

1. Introduction

Physical inactivity and unhealthy diet are established risk factors
that increase the odds of childhood overweight and obesity 3.5-
(McGavock et al., 2009) and 2-fold (Dubois et al., 2007). As a result of
more than 80% of adolescents worldwide being inactive (World Health
Organization, 2018) and only a negligible minority of them consuming
the recommended intake of vegetables and fruits (World Health
Organization, 2003), over 340 million children and adolescents aged
5–19 had overweight or obesity in 2016 (World Health Organization,
2018). In developed countries, the prevalence of overweight and obe-
sity has increased substantially over the past three decades: from 16.9%

in boys and 16.2% in girls in 1980 to 23.8% and 22.6%, respectively, in
2013 (Ng et al., 2014). Due to its prevalence and deleterious con-
sequences in later life, childhood obesity and associated modifiable risk
factors exert significant burden on the health care system (Tremmel
et al., 2017).

To improve diet and physical activity (PA) and curb rising obesity
rates among children, various jurisdictions have focused efforts and
resources on school-based health promotion interventions which have
been lauded as an effective approach since they reach a wide range of
children over a prolonged period of time (Fung et al., 2012). Previous
systematic reviews focused on evaluating school-based interventions in
terms of their effectiveness (Wang et al., 2015; Harris et al., 2009;
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Hynynen et al., 2016; Brown and Summerbell, 2009; Katz et al., 2008;
Safron et al., 2011; da Silveira et al., 2013). A systematic review of 139
obesity prevention interventions showed significant effects on both
body mass index (BMI) z scores and BMI, with interventions that in-
volve multiple components appearing more promising (Wang et al.,
2015). For example, Harris et al. (2009) found that interventions tar-
geting only physical activity (PA) failed to improve BMI in children.
Katz et al. (2008) previously reached the same conclusion and showed a
significant positive effect on body weight reduction of interventions
combining PA and healthy diet.

Despite the valuable contribution of these knowledge syntheses to
our understanding of efficacy and effectiveness of such interventions,
they lack information about feasibility, acceptability, sustainability,
cost-effectiveness, and return on investment of these interventions. To
circumvent this gap and to equip decision-makers with relevant and
actionable information, we took a novel approach to conducting a
systematic review. We facilitated focus group discussions with stake-
holders in health and education sectors to determine which school-
based health promotion intervention types were perceived as the most
feasible, acceptable, and sustainable in the Canadian context (Montemurro
et al., 2018). The goal of the present systematic review and meta-ana-
lysis was to examine the effectiveness of interventions that belonged to
the prioritized types, for specific outcomes (i.e., PA, fruit and vegetable
[FV] intake, and adiposity) that were selected to guide the future step:
assessing cost-effectiveness and return on investment of these inter-
ventions to fully inform decision makers.

2. Methods

2.1. Identification of priority areas through facilitated focus groups

We used participatory qualitative research methods to convene a
group of 45 Canadian stakeholders with expertise and prolonged en-
gagement in school health. They included practitioners working di-
rectly with school communities (e.g., educators, administrators), gov-
ernment employees within health and education ministries, and
researchers in education, public health, nutrition, and kinesiology,
sport and recreation. Participants were led through facilitated discus-
sions to review and define all responses, and build group consensus on
the most important key considerations to inform prioritization of the
intervention types, such as research/evidence based, sustainability,
acceptability, feasibility, and whole-school/comprehensive.
Stakeholders identified and prioritized through a cumulative voting
exercise the following 7 school-based intervention types (in rank order)
(Montemurro et al., 2018):

• Interventions based on the comprehensive school health (CSH) ap-
proach with a focus on increasing PA, decreasing sedentary beha-
viour, and promoting healthy eating through changes to the whole
school community;

• Interventions based on modifications of school nutrition policies (e.g.,
implementation of competitive food policies);

• Universal school food program interventions that promote involve-
ment of children in food production (e.g., school gardens), pre-
paration (e.g., school kitchens), and waste management;

• Interventions that increase provision of healthy foods in schools with
the active involvement of food suppliers and food service staff to
ensure the availability and appeal of healthy food choices;

• Interventions involving modifications of the existing physical education
(PE) classes delivered by PE specialists, in terms of their duration
and/or quality;

• Promotion of PA outside of PE classes (e.g., changing the school en-
vironment to increase active and/or unstructured play);

• Interventions changing foods/drinks sold and/or served in schools
through installment of water fountains, banning unhealthy foods
and beverages, and changing options offered by vending machines.

2.2. Search strategy

In partnership with a librarian, we executed a search in PROSPERO,
OVID Medline, OVID EMBASE, OVID PsycINFO, OVID ERIC, Cochrane
Database of Systematic Reviews<2005> , EBSCO CINAHL, Proquest
Dissertations and Theses Global databases, using controlled vocabulary
(e.g., MeSH, Emtree) and key words representing the concepts “obesity”
and “school based interventions”. Studies situated in daycares and other
out-of-school programs were excluded. Searches were limited to
January 1, 2012 to January 28, 2020, since a comprehensive review on
school-based obesity prevention programmes from inception to April
2013 was previously conducted by Wang et al. (2015) Articles con-
sidered by Wang et al. (2015) were included at the abstract review
stage if they reported on dietary, PA, or adiposity outcome measures,
and were school-based intervention studies. No other limits were ap-
plied. The search strategy syntax adapted for all databases is available
in Supplementary Table 1A. Database of researcher-identified literature
and trial Registries (https://.clinicaltrials.gov and http://www.who.
int/ictrp/en/) were also searched for relevant grey literature.

2.3. Eligibility criteria

The search focused on comparative studies that evaluated school-
based interventions to prevent obesity and associated risk factors (i.e.,
unhealthy diet, physical inactivity, sedentary behaviour) in school-aged
children (4–18 years old). Non-comparative studies and those inter-
ventions that targeted children who were overweight or obese at
baseline were excluded. To ensure that identified studies were appro-
priate to the Canadian context, we included only those conducted in
countries with human development index of 0.80 or greater (United
Nations Development Programme, 2017). Additionally, the identified
interventions had to include outcome assessment at least 6 months
following the baseline assessment and had to include information on
the following outcomes: FV intake (servings or times per day), PA
(minutes of moderate to vigorous physical activity [MVPA] and step
counts), and/or adiposity (BMI, BMI z-score, BMI percentile, % over-
weight and/or obese).

2.4. Data abstraction and management

Articles were uploaded into systematic review data management
software Covidence (Veritas Health Innovation Ltd.). Following dupli-
cate removal, two research assistants independently reviewed titles and
abstracts; any discrepancies were resolved by a third reviewer.
Research assistants followed an exclusion criteria decision tree to define
the exclusion reason for studies (Supplementary Table 1B). During full
text review, reviewers independently tagged articles relevant to the 7
prioritized types to be considered for data extraction. Interventions
with 1 or more of the 7 prioritized types of interventions and/or ad-
ditional intervention components were considered multicomponent.

Four research assistants were involved (at different points in time)
in extracting the following data: program/policy type; authors; title;
country; study design; study duration; intervention setting and de-
scription of delivery; sample size and characteristics; and detailed re-
sults on the aforementioned outcome measures. The accuracy of the
extracted data was then checked by two other research assistants.

2.5. Quality assessment

We assessed the methodological quality of included studies using
the Downs and Black checklist (Downs and Black, 1998). Similar to
Wang et al. (2015) we included 7 questions in our assessment: 1) Is the
hypothesis/aim/objective of the study clearly described? 2) Are the
main outcomes to be measured clearly described in the introduction or
methods? 3) Are the characteristics of the study subjects clearly de-
scribed? 4) Are the interventions of interest clearly described? 5) Are

J. Dabravolskaj, et al. Preventive Medicine Reports 19 (2020) 101138

2

https://.clinicaltrials.gov
http://www.who.int/ictrp/en/
http://www.who.int/ictrp/en/


the main findings of the study clearly described? 6) Were study subjects
randomized to intervention groups? 7) Was the randomized interven-
tion assignment concealed from both subjects and those conducting the
study until recruitment was complete and irrevocable?

Papers were considered of low methodological quality if they did
not do or describe more than 3 of the above items and were excluded
from further analysis. Additional questions were used to assess the
validity and reliability of each outcome measure. Measures of FV intake
were considered valid and reliable if studies cited sources demon-
strating the accuracy of the outcome measure; and PA and adiposity
outcomes—if they described the use of objective instruments.

2.6. Data synthesis

For each included study, we collected the following information:
first author, year of publication, area/country, program name, settings,
study designs, duration of the intervention and follow-up time points,
sample size, age group targeted by the intervention, and criteria used
for subgroup analysis (if conducted). We examined randomized con-
trolled trial (RCT) studies to obtain information about the unit of ran-
domization and the number of intervention and control groups. In ad-
dition, we extracted data on effectiveness of interventions in terms of
the outcomes of our interest. The effect measures included mean dif-
ferences for continuous outcomes and odds ratios for categorical out-
comes and the 95% confidence intervals.

We carried out meta-analysis using valid and reliable effect mea-
sures for each of the prioritized intervention types and did not attempt
to combine effects across intervention types. Within each intervention
type, we aggregated any 2 or more effects on the same outcome and
same effect measure. All meta-analyses were done using a random ef-
fects model. For FV consumption, we combined studies that reported
effects in terms of servings. To transform intake in grams and times per
day, we used assumptions that each serving is 80 g (World Health
Organization, 2004) and servings per day and times per day are used
interchangeably. The Cochrane Q and I2 statistic were used to test the
degree of heterogeneity. Publication bias was assessed by visual in-
spection of funnel plots and regression-based Egger test for small-study
effects. The results were statistically significant when two-sided p va-
lues were less than 5%. All analyses were conducted in STATA v. 14
(Stata Corporation, College Station, Texas, USA). The review follows
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) reporting guidelines (Supplementary Table 1C).

3. Results

3.1. Search results

A total of 10,301 records were identified through database
searching and 570 additional records were identified through other
sources (e.g., articles included and excluded by Wang et al. (2015) re-
searcher identified studies), see PRISMA flow chart in Supplementary
Fig. S1. The 83 studies included in final data extraction (Table 1) were
published between 2001 and 2020; 80 studies were included in meta-
analysis. Studies represented 66 different school-based interventions
implemented in 18 countries. Most studies were conducted in the
United States (n = 17), followed by ten in Australia, eight in Canada,
seven each in Denmark and Spain, six each in the United Kingdom (UK)
and Norway, and New Zealand, four in Germany, two each in Ireland,
Italy, Switzerland and France, and one in Belgium, Sweden, South
Korea, and Israel.

3.2. Description of the included studies

Study numbers by prioritized intervention type were as follows:
CSH approach (n = 18), modifications of school nutrition policies
(n = 1), universal school food program (n = 2), provision of healthy

foods in schools (n = 4), modifications of the existing PE curriculum
(n = 18), promotion of PA outside of PE classes (n = 8), changing
foods/drinks sold and/or served in schools (n = 3), and multi-
component interventions (n = 29). Risk of bias summary is shown in
Table 2. The sample size varied from 82 (Harman, 2014) to 1,065,562
(Schwartz et al., 2016) students. RCT design was employed in 56 stu-
dies, with school being the unit of randomization in 50 studies
(Table 3). The duration of the interventions ranged from three months
(Damsgaard et al., 2014) to seven years (Rush et al., 2014; Tarp et al.,
2018). Most of the interventions (n = 35) lasted approximately 1
academic year and out of these intervention, 28 assessed only short-
term impacts (e.g., at the end of the intervention as the latest time
point), while only 3 studies included a follow-up period of 1 year
(Nogueira et al., 2017; Farmer et al., 2017; Dewar et al., 2013), and one
each included a follow-up of 3 (Meyer et al., 2014); 4 (Hobin et al.,
2017), and 7 (Bere et al., 2014) years post-intervention. Forty-four
papers reported subgroup analysis based on age group, sex, race/eth-
nicity, parental education, socioeconomic status, weight status, rurality,
activity group, intervention school, school vs. non-school days and
hours, and semesters.

FV intake outcomes of interest were reported in 18 studies; PA
outcomes of interest in 28 studies (step-counts, n = 19, and MVPA,
n = 19). The following adiposity outcomes were measured in 70 stu-
dies: BMI (n = 41), BMI z score (n = 35), BMI percentile (n = 7), and
% obesity and/or overweight (n = 27).

Based on the statistical testing reported in the included studies,
positive effect of the interventions on vegetable or fruit intake was
noted in seven studies (five (Waters et al., 2018; Bjelland et al., 2015;
Alaimo et al., 2013; Perry et al., 2004; Llargues et al., 2011) and two
(Sahota et al., 2001; Damsgaard et al., 2014) on fruit and vegetable
intake, respectively, Table 4). Positive effect of the interventions on one
of the PA outcome measures was noted in eight studies (Bell et al.,
2017; Benden et al., 2014; Donnelly et al., 2009; Grydeland et al., 2013;
Kriemler et al., 2010; Spencer et al., 2014; Sutherland et al., 2016;
Vander Ploeg et al., 2014); two studies that reported no change for the
total sample observed positive long-term effect (Farmer et al., 2017)
and effect in girls (Grydeland et al., 2013). Positive effect of the in-
terventions on at least one of the adiposity outcomes of interest was
reported in 27 studies (Ekwaru et al., 2017; Millar et al., 2011; Lazaar
et al., 2007; Sacchetti et al., 2013; Azevedo et al., 2014; Jansen et al.,
2011; Kriemler et al., 2010; Hollis et al., 2016; Story et al., 2012;
Marcus et al., 2009; Aperman-Itzhak et al., 2018; Bartelink et al., 2019;
Lubans et al., 2012; Yang et al., 2017; Ariza et al., 2019; Scherr et al.,
2017; Fetter et al., 2018; Erfle and Gamble, 2015; Reed et al., 2013;
Klakk et al., 2013; Learmonth et al., 2019; Schwartz et al., 2016;
Muckelbauer et al., 2009; Llargues et al., 2011; Recasens et al., 2019;
Llargués et al., 2012; Llargués et al., 2017); ten studies reported no
changes for the total sample, but showed positive effect among girls
(Grydeland et al., 2014), boys (Breheny et al., 2020; Yang et al., 2017),
low socioeconomic status (SES) groups (De Coen et al., 2012), long-
term (Bere et al., 2014; Bugge et al., 2012; Hollis et al., 2016; Adab
et al., 2018; Ickovics et al., 2019), incidence and prevalence of over-
weight (as opposed to obesity) (Foster et al., 2008).

3.3. CSH approach (n = 18)

From seven studies (Sahota et al., 2001; Waters et al., 2018;
Merrotsy et al., 2019; Bjelland et al., 2015; Malakellis et al., 2017;
Millar et al., 2011; De Coen et al., 2012) which reported on FV con-
sumption, positive changes were reported in two studies on fruit
(Waters et al., 2018; Bjelland et al., 2015) and one study on vegetable
(Sahota et al., 2001) intake. Five studies (Vander Ploeg et al., 2014;
Ofosu et al., 2018; Grydeland et al., 2013; O’Leary et al., 2019; Toftager
et al., 2014) reported on PA outcomes: one study (Vander Ploeg et al.,
2014) reported positive effect on step-counts; the other study
(Grydeland et al., 2013) reported improvement in step-counts in boys,
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Table 3
Characteristics of the included RCTs.

Unit of
randomization

Number of schools/students in the
intervention (I) and control arms
(C), I:C

Comprehensive school health approach (n = 13)
Reed et al., 2008 School 6:2
Sahota et al., 2001 School 5:5
Waters et al., 2018 School 12:10
Grydeland et al.,

2014
School 12:25

Grydeland et al.,
2013

School 12:25

Bjelland et al., 2015 School 12:25
De Coen et al., 2012 School 18:13
Rush et al., 2012 School 62:62
Rush et al., 2014 School 193:unknown
Martínez-Vizcaíno

et al., 2020
School 11:10

O’Leary et al., 2019 School 2:2
Merrotsy et al., 2019 School 1:1
Toftager et al., 2014 School 7:7
Modifications of school nutrition policies (n = 1)
Alaimo et al., 2013 School 16 (HSAT): 4 (SNAK): 18 (MSBE):

17 (Control)
Universal school food program (n = 1)
Polonsky et al., 2019 School 8:8
Provision of healthy foods in schools (n = 4)
Perry et al., 2004 School 13:13
Bere et al., 2014 School 9:29
Scherr et al., 2017 School 2:2
Fetter et al., 2018 School 1:1
Modification of existing PE curriculum (n = 9)
Walther et al., 2009 Class 4:3
Müller et al., 2016 Class 7:7 (and additional 2 “High level”

groups)
Lazaar et al., 2007 School 14:5
Thivel et al., 2011 School 14:5
Weeks and Beck,

2012
Student 43:38

Sacchetti et al., 2013 Class unknown
Ten Hoor et al., 2018 School 4:5
Lucertini et al., 2013 School 1:1:1
Nogueira et al., 2017 School 1:1
Promotion of PA outside of PE classes (n = 5)
Donnelly et al., 2009 School 14:10
Farmer et al., 2017 School 8:8
Benden et al., 2014 Class 12:12
Breheny et al., 2020 School 20:20
Have et al., 2018 School 6:6
Changing foods/drinks sold and/or served in schools (n = 2)
Damsgaard et al.,

2014
Year group within
schools

9 schools (crossover design),
unclear about the number of
control and intervention schools

Muckelbauer et al.,
2009)

School 17:15

Multicomponent interventions (n = 21)
Llargues et al., 2011 School 8:8
Recasens et al., 2019 School 8:8
Llargués et al., 2012 School 8:8
Llargués et al., 2017 School 8:8
Foster et al., 2008 School 5:5
Rappaport et al.,

2013
School 5:5

Jansen et al., 2011 School 10:10
Kriemler et al., 2010 Class 16 classes (9 schools):12 classes (6

schools)
Meyer et al., 2014 School 16 classes (9 schools):12 classes (6

schools)
Hollis et al., 2016 School 5:5
Sutherland et al.,

2016
School 5:5

Story et al., 2012 School 7:7
Marcus et al., 2009 School 5:5
Santos et al., 2014 School 10:10
Bell et al., 2017 School 3:3
Adab et al., 2018 School 26:28

(continued on next page)
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no changes in MVPA in the total sample but positive changes in girls.
Among the 14 studies (Reed et al., 2008; Ekwaru et al., 2017; Ofosu
et al., 2018; Sahota et al., 2001; Waters et al., 2018; Grydeland et al.,
2014; Malakellis et al., 2017; Millar et al., 2011; De Coen et al., 2012;
Rush et al., 2012, 2014; Martínez-Vizcaíno et al., 2020; O’Leary et al.,
2019; Merrotsy et al., 2019) that used one or more adiposity outcome
measures, three (Ekwaru et al., 2017; Millar et al., 2011; Rush et al.,
2014) found a significant positive effect on at least one of the measures;
nine (Reed et al., 2008; Malakellis et al., 2017; Rush et al., 2012; Ofosu
et al., 2018; Sahota et al., 2001; Waters et al., 2018; Martínez-Vizcaíno
et al., 2020; O’Leary et al., 2019; Merrotsy et al., 2019) reported non-
significant effects; and two (Grydeland et al., 2014; De Coen et al.,
2012) reported mixed results with no changes in the total sample and
positive changes in female students (Grydeland et al., 2014) and those
of low SES (De Coen et al., 2012). No studies used BMI percentile as an
outcome measure.

When combined, these interventions showed statistically significant
difference in BMI of −0.26 (95% confidence interval [CI]: −0.4,
−0.12), fruit intake of 0.13 servings/times per day (95% CI: 0.04,
0.23), and step-count per day (1155.76, 95% CI 449.77, 1861.75)
(Table 5, Fig. S2). However, no statistically significant difference was
found in BMI z score (−0.02, 95% CI: −0.04, 0.01), odds of being
overweight (0.89, 95% CI: 0.58, 1.38) and obese (0.84, 95% CI: 0.64,
1.12) or overweight/obese (0.85, 95% CI: 0.71, 1.01), vegetable intake
(0.12, 95% CI: −0.01, 0.25), step-count per minute (20.7, 95% CI:
−46.23, 87.63) and MVPA (−0.67, 95% CI: −4.39, 3.05).

3.4. Modifications of school nutrition policies (n = 1)

A study by Alaimo et al. (2013) aimed to test the effectiveness of
several interventions based on the Healthy School Action Tools (i.e.,
HSAT) on FV intake, but no data was available for PA and obesity
outcomes of interest. This study reported significant positive effect on
fruit intake in two intervention arms (i.e., HSAT only, and Michigan
State Board of Education Nutrition policy), but not in the third one (i.e.,
School Nutrition Advances Kids Team). Increase in vegetable con-
sumption was not significant. Meta-analysis of the three arms showed
significant increase in the number of servings of fruits per day (0.30,
95% CI: 0.01, 0.51), but not vegetables (−0.02, 95% CI: −0.10, 0.06).

3.5. Universal school food program (n = 2)

Only interventions in two studies (Polonsky et al., 2019; Vik et al.,
2019) were categorized as universal school food programs. None of the
studies included FV intake or PA outcomes of interest. While both
studies reported non-significant changes in BMI z scores and prevalence
of overweight/obese in the total samples, Polonsky et al. (2019) and
Vik et al. (2019) reported negative results for prevalence of obese in the
intervention group BMI z score 12 months following the beginning of
the intervention respectively.

Meta-analysis showed no significant difference between interven-
tion and control groups in terms of BMI z score (0.05, 95% CI: −0.05,
0.15), odds of obesity (1.25, 95% CI: 0.94, 1.66) and overweight/
obesity (1.21, 95% CI: 0.95, 1.55).

3.6. Provision of healthy foods in schools (n = 4)

Three (Perry et al., 2004; Bere et al., 2014; Scherr et al., 2017) out
of four (Perry et al., 2004; Bere et al., 2014; Scherr et al., 2017; Fetter
et al., 2018) studies reported on FV consumption, but only one (Perry
et al., 2004) showed a statistically significant positive effect on fruit
intake. Three studies reported on adiposity outcome measures: one
(Bere et al., 2014) showed no effect on BMI and prevalence of over-
weight/obese (with positive effect noted in long-term follow-up), while
another study (Scherr et al., 2017) found significant positive effects on
BMI z scores, and two (Scherr et al., 2017; Fetter et al., 2018) studies
showed positive effect on BMI percentile. Only one (Fetter et al., 2018)
study measured and reported non-significant changes in MVPA.

One (Bere et al., 2014) study measured effect of the intervention on
BMI score at two time points; aggregate effect measures of BMI (−0.33,
95% CI: −0.94, 0.28) were not significant, while effect measures were
significantly different in terms of BMI percentile (−7.92, 95% CI:
−16.53, 0.7). No data on PA or FV intake were pooled in the meta-
analysis.

3.7. Modifications of existing PE curriculum (n = 18)

No studies reported on FV outcomes. None of the four studies (Tarp
et al., 2018; Bugge et al., 2012; Hobin et al., 2017; Ten Hoor et al.,
2018) reporting on PA outcomes showed a significant effect. Fifteen
studies (Lucertini et al., 2013; Nogueira et al., 2017; Erfle and Gamble,
2015; Walther et al., 2009; Müller et al., 2016; Reed et al., 2013; Klakk
et al., 2013; Learmonth et al., 2019; Bugge et al., 2012; Resaland et al.,
2011; Lazaar et al., 2007; Thivel et al., 2011; Weeks and Beck, 2012;
Sacchetti et al., 2013; Hart, 2014) reported on adiposity outcomes of
interest. Two studies (Erfle and Gamble, 2015; Sacchetti et al., 2013)
showed positive effect on BMI and another study (Bugge et al., 2012)
reported positive long-term changes (as opposed to no short-term ef-
fect). One study (Weeks and Beck, 2012) reported no changes in BMI for
the total sample, but negative changes for girls. Positive changes on
BMI percentile were noted in one study (Reed et al., 2013) in female
elementary school students (no effect for male elementary school stu-
dents and male and female middle school students). One study (Lazaar
et al., 2007) showed positive effects on BMI z scores, and two studies
(Klakk et al., 2013; Learmonth et al., 2019) showed positive effects on
% overweight/obese, with no significant changes when stratified by sex
(Learmonth et al., 2019).

Meta-analysis showed statistically significant difference in BMI of
−0.16 (95% CI: −0.3, −0.02) and odds of overweight/obesity 0.41
(95% CI: 0.23, 0.73), as opposed to no difference in BMI z score (0.0,
95% CI: −0.06, 0.06), BMI percentile (−0.68, 95% CI: −1.42, 0.06),
odds of being obese (0.85, 95% CI: 0.51, 1.41), step-count per minute
(10.5, 95% CI: −63.81, 84.81) and MVPA minutes per day (−1.47,
95% CI: −3.4, 0.46).

3.8. Promotion of PA outside of PE classes (n = 8)

Six studies (Donnelly et al., 2009; Ford et al., 2013; Have et al.,
2018; Azevedo et al., 2014; Farmer et al., 2017; Benden et al., 2014)
reported on PA outcomes: one study (Donnelly et al., 2009) demon-
strated positive effect on both PA outcomes and one study (Farmer
et al., 2017) demonstrated mixed results with positive effects noted one
year after the end of the intervention but not immediately following the
intervention. One study (Azevedo et al., 2014) reported negative effects
on total PA. From seven (Breheny et al., 2020; Have et al., 2018;
Donnelly et al., 2009; Ford et al., 2013; Harman, 2014; Azevedo et al.,
2014; Farmer et al., 2017) studies reporting on adiposity outcomes, two
studies reported statistically significant positive effect on BMI in the
total sample (Azevedo et al., 2014) and boys (Breheny et al., 2020).

The studies included in meta-analysis showed no overall mean dif-
ference in any of the outcomes of interest: BMI (−0.18, 95% CI: −0.39,

Table 3 (continued)

Unit of
randomization

Number of schools/students in the
intervention (I) and control arms
(C), I:C

Ickovics et al., 2019 School 3:3:3:3
Kennedy et al., 2018 School 8:8
Pablos et al., 2018 School 2:2
Dewar et al., 2013 School 6:6
Lubans et al., 2012 School 6:6
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Table 4
Effectiveness of the interventions in terms of adiposity, PA, and fruit and vegetable consumption outcomes as reported by the authors of the included studies.

First author, year, citation Outcome measures
Adiposity outcome measures PA outcome measures Fruit and vegetable consumption
BMI BMI z scores BMI percentile % overweight and/or obese MVPA Step-counts fruit vegetables

Comprehensive School Health (n = 18)
Reed et al., 2008 ns
Vander Ploeg et al., 2014 +
Ekwaru et al., 2017 +
Ofosu et al., 2018 ns ns
Sahota et al., 2001 ns ns +/nsa

Waters et al., 2018 ns ns ns + ns
Grydeland et al., 2014 ns/+b ns/+c

Grydeland et al., 2013 ns/+d +/nse

Bjelland et al., 2015 + ns
Malakellis et al., 2017 ns ns ns ns ns
Millar et al., 2011 ns + ns ns ns
De Coen et al., 2012 ns/+f ns ns
Rush et al., 2012 ns
Rush et al., 2014 + + +/nsg

Martínez-Vizcaíno et al., 2020 ns ns ns
O’Leary et al., 2019 ns ns ns
Merrotsy et al., 2019 ns ns
Toftager et al., 2014 ns ns
Modifications of school nutrition policies (n = 1)
Alaimo et al., 2013 +/nsh ns
Universal School Food Program (n = 2)
Polonsky et al., 2019 ns ns/-i

Vik et al., 2019 ns/-j

Provision of healthy foods in schools (n = 4)
Perry et al., 2004 + ns
Bere et al., 2014 ns ns/+k ns
Scherr et al., 2017 + + ns ns
Fetter et al., 2018 + nsl

Modifications of existing PE curriculum (n = 18)
Erfle and Gamble, 2015 + ns
Walther et al., 2009 ns
Müller et al., 2016 ns
Reed et al., 2013 +/nsm

Klakk et al., 2013 ns +
Learmonth et al., 2019 +/nsn

Tarp et al., 2018 ns
Bugge et al., 2012 ns/+o ns ns
Resaland et al., 2011 ns
Lazaar et al., 2007 ns +
Thivel et al., 2011 ns
Weeks and Beck, 2012 ns/-p

Sacchetti et al., 2013 + ns
Hart, 2014 ns ns
Hobin et al., 2017 ns
Ten Hoor et al., 2018 ns
Lucertini et al., 2013 ns
Nogueira et al., 2017 Nsq

Promotion of PA outside of PE classes (n = 8)
Donnelly et al., 2009 ns + +
Ford et al., 2013 ns ns
Harman, 2014 ns
Azevedo et al., 2014) + –
Farmer et al., 2017 ns ns ns/+r

Benden et al., 2014 +
Breheny et al., 2020 ns/+s

Have et al., 2018 ns ns ns
Changing foods/drinks sold and/or served (n = 3)
Damsgaard et al., 2014 ns ns +
Schwartz et al., 2016 + +/nst

Muckelbauer et al., 2009 ns +
Multicomponent interventions (n = 29)
Llargues et al., 2011 + ns + ns
Recasens et al., 2019 +
Llargués et al., 2012 +
Llargués et al., 2017 +
Foster et al., 2008 ns ns +/nsu ns
Rappaport et al., 2013 ns ns
Parsons et al., 2014 ns
Jansen et al., 2011 ns +
Kriemler et al., 2010 + + ns
Meyer et al., 2014 ns ns ns

(continued on next page)
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0.04), BMI z score (0.01, 95% CI: −0.04, 0.02), step counts per minute
(1.24, 95% CI: −1.62, 4.09), and MVPA (2.16, 95% CI: −3.91, 8.23).

3.9. Changing foods/drinks sold and/or served in schools (n = 3)

No studies reported on PA outcomes of interest. Only one study
(Damsgaard et al., 2014) measured FV intake, with positive effects re-
ported only on vegetable intake. Two studies (Schwartz et al., 2016;
Muckelbauer et al., 2009) reported significant changes in adiposity
outcomes, and one study (Schwartz et al., 2016) reported mixed results
on prevalence of overweight and/or obese.

Meta-analysis showed no overall difference of this type of inter-
vention on BMI z score (−0.01, 95% CI: −0.02, 0.01) and odds of
being obese (0.96, 95%CI: 0.88, 1.05) or overweight/obese (0.96, 95%
CI: 0.86, 1.06). Data on FV intake was not enough to pool in the meta-
analysis.

3.10. Multicomponent interventions (n = 29)

Six studies (Llargues et al., 2011; Foster et al., 2008; Story et al.,
2012; Bell et al., 2017; Adab et al., 2018; Ariza et al., 2019) evaluated
FV intake, and only one (Llargues et al., 2011) found significant posi-
tive effect on fruit intake. Two studies (Foster et al., 2008; Adab et al.,
2018) reported no significant effect on combined FV consumption. Four
(Sutherland et al., 2016) out of twelve studies showed significant po-
sitive effect on PA outcomes. Twelve (Jansen et al., 2011; Kriemler
et al., 2010; Hollis et al., 2016; Marcus et al., 2009; Aperman-Itzhak
et al., 2018; Bartelink et al., 2019; Lubans et al., 2012; Yang et al.,
2017; Llargues et al., 2011; Recasens et al., 2019; Llargués et al., 2012;
Llargués et al., 2017) of 25 studies measuring adiposity outcomes re-
ported significant positive effects, and three studies (Foster et al., 2008;
Hollis et al., 2016; Yang et al., 2017) reported mixed results based on
the subgroup analysis.

Multicomponent interventions showed significant difference in BMI

Table 4 (continued)

First author, year, citation Outcome measures
Adiposity outcome measures PA outcome measures Fruit and vegetable consumption
BMI BMI z scores BMI percentile % overweight and/or obese MVPA Step-counts fruit vegetables

Hollis et al., 2016 + ns/+v ns
Sutherland et al., 2016 + +
Story et al., 2012 ns ns +/nsw ns ns
Marcus et al., 2009 + ns
Santos et al., 2014) ns ns
Spencer et al., 2014 +
Bell et al., 2017 ns + ns ns
Adab et al., 2018 ns/+x ns ns ns
Griffiths and Griffiths, 2019 ns ns
Aperman-Itzhak et al., 2018 +
Bartelink et al., 2019) +/nsy

Ickovics et al., 2019 ns/+z

Kennedy et al., 2018 ns ns ns
Pablos et al., 2018 ns
Dewar et al., 2013 ns ns
Lubans et al., 2012 + + ns ns
Yang et al., 2017 + +/ns* ns
Weber et al., 2017 ns ns ns ns
Ariza et al., 2019 +** ns ns

“+” denotes positive effect on outcome; “ns” denotes non-significant effect on outcome; blank cells indicate outcome data was not measured or did not meet criteria.
aIncrease in vegetable consumption according to the 24 h diary but not 3-day diary.
bns for the total sample; + for girls.
cns for the total sample; + for girls.
dns for the total sample; + for girls.
e+ overall; ns for boys.
fns overall; + for the low-SES community.
g+in younger/ ns in older students.
h+ for the HSAT and MSBE interventions; ns for SNAK team.
ins for incidence and prevalence of overweight/obesity at T1 and T2; negative results for prevalence of obesity at T2 in the intervention group.
jns at T1; negative results at T2 (i.e., statistically significant increase and decrease in BMI z-scores were observed in the intervention and control groups, respectively).
kns at the 4-year follow-up; + at 8-year follow-up.
lns differences for the change between groups; statistically significant positive changes within groups.
m+ for elementary school girls; ns for elementary school boys and middle school students.
n+ in total sample of overweight and normal weight kids; ns in both groups when stratified by sex.
ons changes in BMI from baseline to postintervention; + change from baseline to follow up.
pns for boys; negative trend in girls.
qns difference between T1-T2 and T2-T3 (results for T1-T3 not presented).
rns in the 1st year; + in the second year.
sns in the total sample and boys; + in girls.
t+ in the likelihood of being overweight; ns in being obese.
u+ on the incidence and prevalence of overweight; ns for the incidence, prevalence, and remission of obesity and remission of overweight.
vns at 12 months; + at 24 months follow-up.
w+ for overweight; ns for obesity.
xns at 15- and 30-month follow-up, but + at 39-month follow-up.
y+ for T1 and T2 for Partial HPSF vs control, for T2 for Full HPSF vs. control; ns for T1 for Full HPSF vs. control.
zns for Year 1 and + for Year 2 and 3 post-intervention (nutrition intervention); ns at Year 1, 2, and 3 post-intervention (physical activity intervention).
*+ in the total sample, normal weight children, boys, and elementary school students; ns in overweight and obese, girls, and middle school students.
**the outcome of interest was cumulative incidence rate of obesity.
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(−0.18, 95% CI: −0.29, −0.07), odds of being overweight (0.65, 95%
CI: 0.49, 0.86), BMI z score (−0.04, 95% CI: −0.06, −0.01), BMI
percentile (−0.8, 95% CI: −1.49, −0.1), but no difference in the odds
of being obese (0.79, 95%CI: 0.51, 1.22) or overweight/obese (0.84,
95% CI: 0.65, 1.08), step-counts per day (−0.06, 95% CI: −1.02, 0.9)
and per minute (0.27, 95% CI: −0.41, 0.95), and MVPA (0.18, 95% CI:
−0.51, 0.87). Data was insufficient to perform meta-analysis on FV
intake.

3.11. Publication bias

Based on the results of visual inspection of funnel plots and the
regression-based Egger test for small-study effects (Supplementary Fig.
S3), there is evidence suggesting potential publication bias for

vegetable intake (p = 0.043) and odds of overweight and obesity
(p = 0.006). However, we could not perform “trim and fill” analysis
due to a small number of studies within each group of interventions,
and therefore the pooled estimates obtained for these outcomes should
be interpreted with caution.

4. Discussion

This systematic review with meta-analysis of effectiveness of school-
based interventions focusing on preventing obesity and underlying
lifestyle risk factors, was informed by facilitated group discussions
among knowledgeable stakeholders who identified intervention types
perceived as feasible, acceptable and sustainable in the Canadian con-
text (Montemurro et al., 2018). Among the 83 selected papers, the three

Table 5
Summary results of the meta-analysis for the intervention effect by outcomes and the type of interventions.

Outcome (units) Program type Number of Studies Number of effect estimates Effect [95% CI]

BMIkg/m2

Comprehensive School Health approach 8 11 −0.26 [−0.40, −0.12]
Multicomponent interventions 16 22 −0.18 [−0.29, −0.07]
Modifications of the existing PE curriculum 10 16 −0.16 [−0.3, −0.02]
Promotion of PA outside of the PE classes 5 7 −0.18 [−0.39, 0.04]
Provision of healthy foods in schools 1 2 −0.33 [−0.94, 0.28]
z score
Comprehensive School Health approach 9 12 −0.02 [−0.04, 0.01]
Multicomponent interventions 12 21 −0.04 [−0.06, −0.01]
Modifications of the existing PE curriculum 4 8 0.00 [−0.06, 0.06]
Promotion of PA outside of the PE classes 3 5 −0.01 [−0.04, 0.02]
Changing foods/drinks sold and/or served in schools 3 4 −0.01 [−0.02, 0.01]
Universal school food program 2 4 0.05 [−0.05, 0.15]
percentile
Multicomponent interventions 2 7 −0.8 [−1.49, −0.10]
Modifications of the existing PE curriculum 3 6 −0.68 [−1.42, 0.06]
Provision of healthy foods in schools 2 2 −7.92 [−16.53, 0.7]
Overweight (odds)
Comprehensive School Health approach 2 2 0.89 [0.58, 1.38]
Multicomponent interventions 2 2 0.65 [0.49, 0.86]
Obesity (odds)
Comprehensive School Health approach 4 4 0.84 [0.64, 1.12]
Multicomponent interventions 3 3 0.79 [0.51, 1.22]
Modifications of the existing PE curriculum 2 2 0.85 [0.51, 1.41]
Changing foods/drinks sold and/or served in schools 1 2 0.96 [0.88, 1.05]
Universal school food program 1 2 1.25 [0.94, 1.66]
Overweight/Obese (odds)
Comprehensive School Health approach 3 4 0.85 [0.71, 1.01]
Multicomponent interventions 5 6 0.84 [0.65, 1.08]
Modifications of the existing PE curriculum 2 2 0.41 [0.23, 0.73]
Changing foods/drinks sold and/or served in schools 2 3 0.96 [0.87, 1.06]
Universal school food program 1 2 1.21 [0.95, 1.55]
Step countsper day
Comprehensive School Health approach 2 2 1155.76 [449.77, 1861.75]
Multicomponent interventions 3 4 −0.06 [−1.02, 0.90]
per minute
Comprehensive School Health approach 2 2 20.70 [−46.23, 87.63]
Multicomponent interventions 5 5 0.27 [−0.41, 0.95]
Modifications of the existing PE curriculum 2 2 10.5 [−63.81, 84.81]
Promotion of PA outside of the PE classes 4 6 1.24 [−1.62, 4.09]
MVPA (minutes per day)
Comprehensive School Health approach 3 4 −0.67 [−4.39, 3.05]
Multicomponent interventions 8 10 0.18 [−0.51, 0.87]
Modifications of the existing PE curriculum 2 2 −1.47 [−3.4, 0.46]
Promotion of PA outside of the PE classes 4 5 2.16 [−3.91, 8.23]
Fruit (servings or times per day)
Comprehensive School Health approach 4 5 0.13 [0.04, 0.23]
Modifications of school nutrition policies 1 3 0.30 [0.1, 0.51]
Vegetables (servings or times per day)
Comprehensive School Health approach 4 5 0.12 [−0.01, 0.25]
Modifications of school nutrition policies 1 3 −0.02 [−0.1, 0.06]

Note: Subgroups that did not have at least 2 effect estimates are not shown.
§ Effect sizes are listed for the following outcomes (units of measures are listed in brackets): BMI (kg/m2, z score, percentile), overweight and obesity (odds for
overweight, obesity, or both), step counts (per day, per minute), MVPA (minutes per day), fruit (servings or times per day), and vegetables (servings or times per
day).
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most common types of interventions were those utilizing a CSH ap-
proach, modifications to existing PE curricula, and those with multiple
components. While stakeholders identified universal school food pro-
grams and modifications of school nutrition policies as top priority
interventions, very few studies fulfilling the inclusion criteria with ex-
tractable data were found. This finding illustrates the discrepancy be-
tween available evidence and evidence required to guide decision-
making. To facilitate policy decisions related to school-based inter-
ventions, we encourage local policy-makers and stakeholders to engage
with researchers when identifying, implementing, and evaluating in-
terventions.

The CSH interventions and modifications of school nutrition policies
had sufficient data on FV intake, allowing meta-analysis. Both inter-
ventions showed statistically significant positive effects on fruit intake,
as opposed to not statistically significant effect on vegetable intake.
This finding aligns with available evidence demonstrating preference
for fruits (Perry et al., 2004) and the practicality of eating fruits as
snacks (Bjelland et al., 2015).

CSH interventions showed statistically significant effect on step-
count per day, but not on step-count per minute. None of the other
three types of interventions showed statistically significant effect on PA
outcome measures. Potential explanations related to the measurement of
PA include social desirability bias if questionnaires are used; non-
compliance with wearing devices (Meyer et al., 2014) and considerable
drop out due to data collection fatigue (Spencer et al., 2014); and the
inability of certain devices to accurately measure specific activities
(e.g., free play activities (Farmer et al., 2017). Moreover, there could be
seasonal variations in PA patterns (Santos et al., 2014 1) and com-
paratively high PA in the study sample at baseline (Farmer et al., 2017).
Potential explanations may include the lack of engagement of students
and teachers at the intervention design stage, with subsequent im-
plementation challenges. For example, similarly to Breheny et al.
(2020) and Griffiths and Griffiths (2019), a recent study in 53 primary
schools in the UK showed no significant effects of the intervention
combining healthy eating and PA on any of the anthropometric, dietary,
physical activity and psychological outcomes due to the fidelity of the
program being compromised by a considerable lack of both compliance
to the intervention protocol and teachers involvement due to competing
demands (Adab et al., 2018).

Meta-analysis showed that multicomponent, CSH approach-based,
and modifications of the PE curricula are effective in improving obesity
outcomes. These intervention types usually require approval and sup-
port of school system leaders promoting school-wide changes that may
be better embedded, and in the case of PE curricula, often compulsory
(Connelly et al., 2007). However, as Hollis et al. (2016) noted, changes
in adiposity outcomes might not be clinically significant at the in-
dividual level, but can still produce health benefits at the population
level. In fact, even small changes in BMI z scores can point to a change
in the increasing BMI trend typical for children and youth (Bartelink
et al., 2019), and slowing this trend is critically important for preven-
tion of obesity later in life (Goldschmidt et al., 2013).

There are certain limitations of the included studies that warrant
discussion. While the majority of the studies utilized a cluster RCT
design with comparatively large number of students, most often the
number of schools that were randomized into each arm was small
(Sahota et al., 2001), which could result in the overestimation of the
intervention effect (Waters et al., 2018). Allocation concealment and
masking of participants and assessors were impossible in all but one
study (Thivel et al., 2011), considering that interventions were too
“obvious” (Jansen et al., 2011). Control schools could not be forbidden
to implement any interventions due to ethical concerns (De Coen et al.,
2012; Alaimo et al., 2013), and intervention schools could modify in-
terventions, leading to heterogeneity of intervention activities and their
delivery and different levels of intervention dose (Millar et al., 2011;
Breheny et al., 2020). Moreover, as was mentioned above, effectiveness
of interventions when implemented in the real-world setting is often

less than efficacy shown in RCTs, where interventions are often deliv-
ered by knowledgeable and skilled experts (McCrabb et al., 2019).
Quasi-experimental studies were prone to selection bias: under-
represented children tended to be overweight and obese (Grydeland
et al., 2014; Millar et al., 2011), with migrant background (Meyer et al.,
2014), and with low SES (De Coen et al., 2012). Most of the studies
assessed effectiveness shortly or right after the end of the intervention.
However, interventions might “serve as ‘catalyst’ to prolonged habitual
changes” (Maziekas et al., 2003) and significant long-term, despite non-
significant short-term, effects were observed in several studies (Bere
et al., 2014; Bugge et al., 2012; Farmer et al., 2017; Hollis et al., 2016).

While we focused on particular outcomes with the overarching goal
to inform future economic modelling, the selected outcomes had certain
pitfalls. For example, dietary assessment in children, especially when
completed by parents who might not be aware of what their children
eat at school (De Coen et al., 2012), appears imprecise. De Coen et al.
(2012) hypothesized that eating behaviours could have changed for the
better during school hours, and therefore were not captured and as-
sessed using parental questionnaires. Use of parental questionnaires to
assess PA might also be subjective and prone to bias (Vander Ploeg
et al., 2014), just as well as measuring PA only during the school day
(Spencer et al., 2014). BMI as the primary measure for adiposity in
children has also been criticized as it cannot change significantly over
short periods of time (Sahota et al., 2001) and depends on weight and
height with no regard for the distribution of fat mass (Weeks and Beck,
2012). Similarly, BMI z scores have low specificity, particularly in obese
children and youth: in fact, Freedman et al. (2017) showed that BMI z
score values could differ by more than one standard deviation simply
because of differences in age or sex. A recent longitudinal observational
study in 515 obese children corroborated findings of low specificity
(42%) of BMI z score for predicting a decrease in % body fat, thus
highlighting the limitations of using BMI z scores alone to monitor
changes in adiposity (Vanderwall et al., 2018). Despite this criticism,
BMI for age is the most established diagnostic measure for childhood
obesity. As Reilly (2006) noted, most of the currently used cutoffs ap-
pear adequate for using BMI in clinical practice and research. BMI is an
inexpensive and easy-to-perform measure that correlates directly with
body fat measurements (Reed et al., 2013) and appears to be the most
feasible screening tool in the multifaceted approach to childhood obe-
sity prevention (Parsons et al., 2014). The use of alternative BMI me-
trics, such as distance and % distance from median (including that on a
log scale), has recently been proposed as those suitable for assessing
BMI in all children, including overweight and obese (Freedman).

Several strengths and limitations need to be acknowledged. We
conducted a comprehensive search of both peer-reviewed and grey
literature. However, we focused on specific outcomes to keep the meta-
analysis feasible. Further, some heterogeneity remained, which was
particularly pronounced in multicomponent interventions that could
contain any combination of intervention components, as long as at least
one of them was prioritized. Hence, random-effects models were used to
pull the results of the interventions together. Finally, it needs to be
highlighted that, despite an innovative approach we took, the focus of
this systematic review was on the effectiveness of school-based inter-
vention types, prioritized by the perceived feasibility, acceptability and
sustainability that emerged in facilitated discussions rather than de-
tailed evaluation. While some may consider this a limitation, we view it
as an innovative strategy to overcome the gaps in literature: future
studies should include process evaluation measures to complement as-
sessment of intervention effectiveness. Prioritization was guided by the
Canadian context, and therefore generalization of our findings beyond
Canada should proceed with caution. Nevertheless, our approach of
identifying prioritized interventions can be freely adopted to other
countries.
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5. Conclusion

Among the papers identified in the review, only two were classified
as universal food programs and one as modifications of school nutrition
policies, thus highlighting the mismatch between the available research
and required evidence to inform decision-making. Interventions based
on the CSH approach and modifications of school nutrition policies
showed positive effect on fruit intake, but not on vegetable intake. CSH
interventions showed statistically significant positive effect on step-
count per day, but not per minute; none of the other interventions
appeared beneficial in terms of their effect on PA outcome measures.
CSH-based, multicomponent, and interventions that consisted of mod-
ifications of the PE curricula appear effective in improving obesity
outcomes.
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