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Summary

Introduction: This systematic review and meta-analysis investigate the long-term
effects of primary school-based obesity prevention interventions on body-mass index
(and z-scores), waist circumference (and z-scores) and weight status.

Methods: Four databases were searched for studies from date of inception until June
8th, 2021. We included randomized controlled trials (RCT) and non-RCTs investigat-
ing effects 212 months post-intervention of primary school-based interventions with
intervention duration 26 months and containing a diet and/or physical activity com-
ponent on outcomes of interest. Articles were assessed on risk of bias and methodo-
logical quality by RoB2 and ROBINS-I. Meta-analysis was performed and results
were narratively summarized. Evidence quality was assessed with GRADE.

Results: Nineteen studies were included, 9 were pooled in a meta-analysis. No long-
term effects were found on body-mass index (+0.06 kg/m2; Cl95% = —0.38, 0.50;
I? = 66%), body-mass index z-scores (—0.08; CI95% = —0.20, 0.04; 1> = 36%), and
waist circumference (+0.57 cm; CI95% = —0.62, 1.75; 1> = 13%). Non-pooled stud-
ies reported mixed findings regarding long-term effects on body-mass index, body-
mass index z-scores and weight status, and no effects on waist circumference and
waist circumference z-scores. Evidence certainty was moderate to very low.
Discussion: No clear evidence regarding long-term effects of primary school-based
interventions on obesity-related outcomes was found. Recommendations for further
research and policy are discussed.

Prospero registration ID: CRD42021240446.
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1 | INTRODUCTION

Current estimates by the World Health Organization (WHO) are that
almost one in five children worldwide are affected by overweight or
obesity.! Although a recent stabilization has been confirmed regarding
the overweight and obesity prevalence in higher-income countries,
the prevalence overall remains high.2® Studies have shown that effec-
tive interventions for obesity prevention accomplish more positive
effects on body-mass index (BMI) for younger children* A recent
Cochrane review by Brown and colleagues (2019) counted 153 ran-
domized controlled trials (RCT) investigating the effectiveness of
interventions that include diet or physical activity components, or
both, designed for preventing overweight and obesity in children and
adolescents.” They have concluded that interventions that focus only
on physical activity can reduce the risk of obesity for children aged
6 to 12 years old, whereas they found no evidence for the effective-
ness of diet interventions and some evidence for the effectiveness of
interventions with a combined diet component and physical activity
component.® The authors could not entirely explain the differences in
the effects of interventions by the setting or duration of the interven-
tions.> Although obesity prevention interventions may be implemen-
ted in many settings, schools have been suggested to be the optimal
place to deliver interventions due to continuous contact with chil-
dren® and reaching children with a wide range of different back-
grounds.” Additionally, the results of other systematic reviews
support the promising role of school-based interventions,®? specifi-
cally primary school-based interventions,® for the prevention of
childhood obesity.

RCTs are often considered the golden standard for effective-
ness evaluation studies.** However, only a limited number of RCTs
have a long-term follow-up (212 months post-intervention). It might
be challenging to conduct such long-term RCTs due to funding
issues or because it is unethical to withhold children from effective
interventions for more years. In their review, Brown and colleagues
(2019) encourage researchers to perform more long-term follow-up
studies into the sustained effects of interventions. If RCTs are not
feasible, researchers might turn to other types of designs, like natu-
ral experiments, quasi-experimental and observational studies with
comparison groups as these can also generate causal evidence with
good external validity.*>"'* Insights in the long-term effects of inter-
ventions are especially relevant for the transition from childhood
into adolescence as the WHO highlighted that adolescence is a
period of excessive weight gain because adolescents gain more free-
dom in food choices, while their physical activity levels often
decrease.'®

To the best of our knowledge, a recent systematic review focus-
ing on the long-term effects of primary school-based obesity preven-
tion interventions in children is not available. Such a review
aggregating the available evidence may either help policymakers in
developing and implementing successful interventions of which the
effects sustain into adolescence and adulthood or may highlight
the need for supplementary interventions at later ages. Therefore the

research question in this systematic review and meta-analysis is:

What are the long-term effects (212 months follow-up post-interven-
tion) of primary school-based obesity prevention interventions in chil-
dren on multiple indicators of overweight and obesity? Intervention
effects on BMI, BMlI-for-age z-scores (zBMI), WC, WC-for-age
z-scores (zZWC) and weight status will be included as important
measures of obesity and in predicting obesity-related health risk, as

clinical guidelines suggest.*®

2 | METHODS

21 | Protocol

A protocol for this systematic review and meta-analysis was devel-
oped in line with the Preferred Reporting Items for Systematic
reviews and Meta-analysis Protocol (PRISMA-P).*” This protocol was
prospectively registered within Prospective Register of Systematic
Reviews (PROSPERO) on 02-04-2021 with registration ID: CRD
42021240446.

2.2 | Inclusion and exclusion criteria

221 | Type of primary studies
We included RCTs and studies with other controlled experimental and
observational designs in this review. We excluded studies with pre-

post designs without control group.

2.2.2 | Intervention and setting

This review focusses on primary school-based obesity prevention
interventions. Therefore, interventions had to be at least partially pri-
mary school-based to be included, but we allowed interventions in
multiple settings. Following Brown and colleagues (2019), we included
interventions containing at least a diet or physical activity compo-
nent.® Interventions could also include both components or other
components in addition to diet or physical activity.

Only interventions with a duration of 26 months were included in
this review because, according to the theory of Prochaska and DiCle-
mente, a duration of at least 6 months is needed for behaviour change
to stabilize when it involves physical activity.*® To study long-term
effects, the intervention effects should have been studied following a
period in which there was no exposure to the intervention. Thus, we
only included primary studies in which intervention effects were stud-

ied 212 months post-intervention.

223 | Control

We included studies with a control or comparator condition without

an intervention.
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224 | Participants in intervention

As prospectively determined, we included studies in which at least
90% of the children were 6- to 12-year-olds at the start of the inter-
vention. When we were not able to determine this criterion, all chil-
dren in the study had to be within the age range for the study to be
included. Furthermore, studies mentioning primary school-aged chil-
dren, without the notion of an age range, were also considered

eligible for inclusion.

2.25 | Participants at follow-up

Since this review focuses on long-term effects of interventions
(212 months follow-up post-intervention), children studied at follow-
up may have transcended the age of 12 years old. No criterion was

set on age range at follow-up.

2.2.6 | Context
In this review primary studies regarding the general population were
included. Therefore, children with overweight or obesity were allowed
as a part of the participant sample. However, studies that were solely
focusing on children with overweight or obesity were excluded since
this review focusses on interventions preventing these conditions in
the general population. Studies with participants with other clinical
conditions were also not eligible for inclusion in this review.

We applied no further restrictions regarding subgroups of the pop-
ulation (e.g., country of origin or socioeconomic status). Furthermore,
no restrictions were drawn upon the country of origin of the studies.

227 | Outcomes

Outcomes of interest for this review were BMI, zBMI, WC, zZWC, and
weight status. zBMI is a score in which BMI is adjusted to age and
gender of the individual based on growth standards and zWC is a
score in which WC is adjusted to age and gender.'® Weight status can
be categorized as having underweight, normal weight, overweight or

obesity using common cut-off standards.

2.2.8 | Language

Studies in English were eligible for inclusion in this review. Studies in

other languages were excluded due to language barriers of the authors.

2.3 | Search strategy

A systematic literature search without language restrictions or date

limits was conducted to find relevant studies in four databases

OBESITY

(Embase.com, Medline ALL Ovid, Web of Science SCI-EXPANDED &
SSCl and Cochrane CENTRAL register of Trials) from date of inception
until the 8th of June 2021. In addition, we hand-searched references
of included studies and the Cochrane review by Brown and
colleagues.®

Corresponding authors were contacted when the full texts were
unavailable on the internet. Combined thesaurus terms and terms in
title/abstract were used for three elements: intervention or program,
body-mass index or weight status or overweight or obesity or waist
circumference and children. The syntax and thesaurus terms within
this search strategy were adapted to fit to each of the used data-
bases. The full
1 (Appendix S1).

search is presented in supplemental file

24 | Selection process

EndNote X9 Software was used to guide and organize the selection
process of the studies that were found. Duplicates of records were
retrieved and removed by guidance of Bramer and colleagues.?° Here-
after title and abstracts were screened for eligibility by two indepen-
dent reviewers (M.S. and M.B.). Then these studies were screened on
full text to select the studies eligible for inclusion (M.S. and M.B.).
A prospectively discussed order of reasons for exclusion was deter-
mined by the screening authors. Studies that were excluded based on
full text screening, were categorized based on the reason of exclusion.
When differences or disagreements between the two reviewers were
encountered in the process, discussion with a third reviewer (W.J.)

took place to reach consensus.

2.5 | Data extraction

All data was extracted to a standardized data extraction Excel sheet
by two independent authors (M.S. and M.B.). Discrepancies were dis-
cussed until consensus was reached. If available, the following data
was extracted for all included studies: (1) first author, (2) year of publi-
cation, (3) full reference, (4) study objective, (5) theoretical framework
behind the intervention, (6) country of intervention, (7) funding
sources, (8) conflict of interest statement, (9) study design, (10) inter-
vention and control group characteristics (sample size, age, gender),
(11) number of clusters, (12) numbers of participating primary schools,
(13) intervention characteristics (duration, components and setting),
(14) comparison or control condition, (15) follow-up period,
(16) context, (17) outcomes at baseline, (18) outcomes at follow-up,
(19) estimate of the effect sizes for the association between primary
school-based intervention and outcome (coefficients, Cl's, p-values)
and (20) retention rates.

Specifically for the meta-analysis, mean and standard deviations
were extracted for the outcome variables. When results from multiple
models were available, results from the model with the most con-
founders added were extracted. When multiple follow-up time points

were available for a study we extracted data for all follow-up time
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points. For the purpose of the meta-analyses, we chose the time point
of the longest follow-up within adolescence for inclusion in the meta-
analysis, as suggested by the Cochrane Handbook.?! The remaining
earlier follow-up time points were included in an additional sensitivity

meta-analysis.

2.6 | Risk of bias assessment

A risk of bias assessment was performed by two independent authors
(M.S. and M.B.) to assess the quality of each included study. When
differences or disagreements between the two reviewers were
encountered in the process, discussion with a third reviewer (W.J.)
took place to reach consensus. The revised Cochrane Collaboration's
Risk of Bias 2 (RoB2) tool was used for assessing risk of bias for ran-
domized trials®?> and the Risk of Bias in Non-randomized studies of
interventions (ROBINS-I) tool was used for assessing risk of bias for
non-randomized studies.?®> The RoB2 assesses bias (1) in the randomi-
zation process, (2) due to deviations from intended interventions,
(3) due to missing outcome data, (4) due to measurement of outcomes
and, (5) in selection of the reported result. All types of bias were rated
as low risk, some concerns or high risk. The overall risk of bias score
was determined by the highest risk score. The ROBINS-I contains
items for bias (1) due to confounding, (2) in selection of participants
into the study, (3) in classification of interventions, (4) due to devia-
tions from intended interventions, (5) due to missing data, (6) in mea-
surement of outcomes and, (7) in selection of the reported result. All
domains were rated as having low, moderate, serious or critical risk of
bias. Like in the ROB2, the overall risk of bias score was determined

by the highest risk score.

2.7 | Data synthesis and analysis

The characteristics for all the included studies and interventions were
described. We conducted a meta-analysis for intervention effects for
which at least three studies were available with the same study design
and outcome measure and if the outcome measures could be calcu-
lated into mean and standard deviation values per group at follow-up.
We used the mean differences at follow-up in outcome measures
between the intervention group and control group. We used random-
effects models to account for the between-study variance. The meta-
analyses were conducted in Review Manager (version 5.4). The overall
pooled mean difference and 95% confidence intervals (Cl) were calcu-
lated. Forest plots were created to present the meta-analysis results.
I? measures have been presented as an indication for the proportion
of total variability due to between study heterogeneity. Additional
sensitivity analyses were performed including available earlier follow-
up time points. The remaining extracted results that could not be
pooled in the meta-analyses or sensitivity meta-analyses were narra-
tively described. Therefore, studies could be considered as both
pooled for some pooled outcome variables and non-pooled for its

other non-pooled outcome variables. The narratively described results

were divided into results derived from RCT studies and results derived
from non-RCT studies.

Summary of findings tables were created with the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) pro software to present the evidence quality across studies
and certainty of effects of the interventions.?* The evidence quality
was assessed according to the GRADE handbook.?° The effects that
were included in the meta-analyses were added in the summary of
findings tables as pooled outcome variables. Results that could not be
included in the meta-analysis were narratively described in the sum-
mary of findings tables as the non-pooled outcomes. For the narra-
tively described non-pooled outcomes a subdivision was created for
evidence resulting from RCT studies and evidence resulting from non-
RCT studies. The GRADE approach for rating the evidence quality
began with rating the study design. The evidence quality rating could
then be reduced by rating the factors: risk of bias, inconsistency in
results, indirectness of evidence, imprecision, and publication bias.
The evidence quality rating could be increased by the factors: large
magnitude of effect, plausible confounding and dose-response gradi-
ent. Possible final grades of evidence were high, moderate, low, or

very low certainty.

3 | RESULTS

3.1 | Study selection

The process of inclusion and exclusion of articles during article selec-
tion is presented in a PRISMA flow chart in Figure 1.1 A total of
15 887 records were identified through comprehensive database
searches. After the removal of duplicates, 9188 records remained for
screening. After screening on title and abstract, 211 articles remained
for full text screening. From these 211 articles, a total of 192 articles
were excluded. Most important reasons for exclusion were the study
design (n = 27), follow-up length (n = 113) and age of the population
(n = 23). Supplemental file 2 (Appendix S1) presents a complete over-
view of the excluded references during full text screening per exclu-
sion category. Eventually, 19 articles were found eligible for inclusion
into this systematic review.24"* Of these 19 articles, 9 could be
included into either the meta-analysis or additional sensitivity meta-

analysis on earlier time-points.2¢:27:32:35-3843:44

3.2 | Study characteristics

The most important study characteristics are presented in Table 1.
Study objective, theory behind the intervention, scale-up, funding, con-
flict of interest statement, intervention content and control content are
presented in Table S1. Furthermore, Table S3 presents a complete
detailed overview of the results that were extracted from the
19 included articles in this review. Of the 19 studies, 16 were published
in or after 2010.26-31:33-36,38-414344 Tha 19 studies were performed in

11 different countries, subdivided over the continents Europe
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Full-text articles excluded,
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n=192, of which:

n=3, language;
n=27, study (design);
n=2, type of intervention;
n=1, clinical population;
n=113, follow-up length;
n=10, intervention duration;
n=3, control/comparison;
n=3, intervention setting;
n=1, intervention

components;
n=0, outcome variables;
n=23, age of population;

n=4, other

(10/19),26,27,30,32,33,35,36,41,43,44 NOI’th-America (4/19)’29,37,39,40 ASia
(3/19)?%°134 and Oceania (2/19).%842 Five studies reported to be based

26,30,31,40,42

on the Social Cognitive Theory, one reported the socio-

ecological conceptual model,* one reported the Behaviour Change
Theory,®” one reported the concepts of the WHO Ottawa Charter for
Health Promotion,3’ one reported Piaget's Cognitive Theory*® and one
reported the Behavioural Choice Theory.*2 Of the 19 studies, five inter-
ventions were considered a scale-up.2¢27313437 Most studies (13/19)
were  (cluster-)RCTs 26728:313234-3842-44  Other designs were a
9 130

repeated measures crossover,?’ a non-randomized controlled tria

13340 4 repeated cross-sectional®® and a

d41

two quasi-experimenta

design. Four studies had a
29,38,40,41

population-based prospective controlle

six studies had
27.3032333642 fiye

sample size between 100 and 250 participants,
a sample size between 251 and 500 participants,

studies had a sample size between 501 and 1000 partici-

28.31,85.3944 3nd four studies had a sample size between 1001 and

26,34,37,43

pants

5000 participants.

All interventions took place in a primary school setting24~*4

although six interventions additionally contained a home setting com-

t2835-374244 and one intervention additionally contained a

t.30

ponen
home setting, community setting and online setting componen
Classroom or school teachers (partially) delivered the interventions in
most studies.?428-353741 Three interventions solely contained a diet

273243 and seven interventions solely contained an physi-

t 29,33,34,36,38,41,42
,

componen
cal activity componen whereas nine interventions
contained both a diet and an

nent.2628:30:31.35.37.39.4044 Eioht interventions contained an additional

physical activity compo-

non-diet non-physical activity component,26:28:3%:87:39:404244 \yhich s
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TABLE 2 Quality assessment for RCTs with the RoB2 tool

Anderson, 201627

Bere, 2014%8
Cao, 2019%°

Habib-Mourad, 202032

James, 20073

Li, 2010°°
Llaurado, 2018%¢
Meyer, 2014%”
Nader, 199938
Nogueira, 2017°°
Salmon, 2008*3
Stea, 2018**
Tarro, 20144

Item 1

Randomization
process

Low risk
High risk
Some concerns
Some concerns
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Some concerns

Some concerns

Item 2
Deviations from
intended
interventions

High risk
Some concerns
Some concerns
High risk
Some concerns
High risk
Some concerns
Some concerns
Some concerns
Some concerns
Some concerns
High risk

Some concerns

further specified in Table 1. Ten interventions had a duration between
6 and 12 months,262729:30.32:34.36.384243 ceven had a duration

28,31,35,37,39,40,44

between 13 and 36 months and two had a duration

of >36 months.3®*! Seven studies investigated long-term effects at a

follow-up of 12 months post-intervention,2¢:28:29:31,34.38.42

seven
studies investigated effects at a follow-up between 13 and 36 months
post-intervention,?”:28:30:3236.37.44 ¢4 1 studies investigated effects at

35,39-41

a follow-up between 37 and 60 months post-intervention and

three studies investigated effects at a follow-up of >60 months post-

intervention.?”-3343

3.3 | Risk of bias
The risk of bias assessment for the 13 RCTs with the RoB2 tool is
reported in Table 2. The overall risk of bias was assessed as “high risk”
in seven RCTs and as “some concerns” in six RCTs. The largest risk of
bias in RCTs was due to deviations from intended interventions, being
classified as high risk in 4/13 RCTs and as some concerns in 9/13
RCTs. The two main concerns with this bias were that deviations from
the intended intervention could have affected outcomes and the
absence of an intention to treat analysis. Risk of bias due to the ran-
domization process mainly came forth from absence of information
on both the randomization method and method used to hide the allo-
cation sequence from participants. Risk of bias due to missing out-
come data mainly came forth from missing outcome data not being
equally distributed over groups. Finally risk of bias due to selection of
the reported result came forth from studies lacking any pre-specified
study protocol registration.

The risk of bias assessment for the six non-RCTs with the
ROBINS-I tool is reported in Table 3. Among the six non-RCTs the

Item 3 Item 4 Item 5

Missing Measurement Selection of the

outcome of the reported

data outcome result Overall score

Low risk Low risk High risk High risk

Some concerns High risk Some concerns High risk

Some concerns Low risk Some concerns Some concerns

Low risk Low risk Some concerns High risk

High risk Low risk Some concerns High risk

Low risk Low risk Some concerns High risk

Low risk Low risk Low risk Some concerns

Low risk Low risk Low risk Some concerns

Low risk Low risk Low risk Some concerns

High risk Low risk Some concerns High risk

Some concerns Low risk Some concerns Some concerns

High risk High risk Some concerns High risk

Low risk Some Low risk Some concerns
concerns

overall risk of bias was assessed as “critical risk” in one non-RCT and
as “serious risk” in five non-RCTs. The risk of bias in non-RCTs was
largest with regard to confounding (mainly due to not controlling for
baseline differences), classification of interventions (mainly due to lack
of defining control group) and missing data (mainly due to the unequal
distribution of missing data over groups). For all six non-RCTs no
information was available to rate the domain of selection of the
reported result, forthcoming from studies lacking a prospectively reg-
istered study protocol.

34 |
effects

Meta-analyses on long-term intervention

Comparisons were possible between intervention and control
groups for BMI, zBMI and WC (Figure 2). Table 4 contains a sum-
mary of findings which presents the evidence quality and certainty
for these pooled comparisons. The three funnel plots for these
meta-analyses are in Figure S1, Figure S2 and Figure S3 respec-
tively. In these meta-analyses the time points of the longest follow-

up?”-*> within adolescence were included when there were multiple

follow-up time points?”-3544

of the same study available. A complete
overview of the GRADE rating assessments per GRADE item is pre-
sented in Table S2.

Results from six studies (n = 5453 participants) that were
included in the meta-analysis for the evaluation of the long-term
effect of the interventions on BMI show that the interventions had no
effect on BMI in primary school-aged children 212 months post-inter-
vention.?”*235-38 The mean difference in BMI between intervention
and control groups was 0.06 kg/m? (C195% = —0.38, 0.50; n = 5453,

7 = 0.260, p = 0.79). I> was indicated as 66% (r> = 0.18, x? = 14.72,
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TABLE 3 Quality assessment for non-RCTs with the ROBINS-I tool
Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7
Selection of Deviations Selection
participants  Classification  from of the
into the of intended Missing Measurement reported Overall
Confounding study interventions interventions data of outcomes result score
Gao, 2013°%° Serious risk Low risk Low risk Low risk NI Low risk No information  Serious risk
Gorely, 20113 Moderate Low risk Low risk Low risk Serious Serious risk No information  Serious risk
risk risk
Jurak, 201334 Serious risk Low risk Low risk Low risk Serious Low risk No information  Serious risk
risk
Ofosu, 20184° Moderate Serious risk  Serious risk Low risk NI Low risk No information  Serious risk
risk
Puma, 2013%* Critical risk Low risk Serious risk Low risk NI Low risk No information  Critical risk
Rosengren, Serious risk Low risk Low risk Low risk Moderate Low risk No information  Serious risk
2021 risk
intervention control Mean Difference Mean Difference
Study or Subgroup  Mean [kg/im2] SD [kg/m2] Total Mean [kg/im2] SD [kgim2] Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Bere 2014 227 378 112 232 441 208 124% -050[1.42,042) —
James 2007 19 321 219 19.7 336 215 17.7% -0.70[1.32,-0.08) =
Llaurado 2018 20.41 3 349 20.09 348 154 17.4% 0.32[-0.31, 0.95] T
Meyer 2014 181 28 194 18.2 33 102 151% 0.90[0.15, 1.65) ——
Nader 1999 22 465 2164 221 3.87 1496 246% -0.10[-0.38,0.18) —=
Nogueira 2017 18.7 35 155 181 33 85 12.8% 0.60 [-0.29, 1.49] S . E—
Total (95% Cl) 3193 2260 100.0% 0.06 [-0.38, 0.50] ?
Heterogeneity: Tau®= 0.18; Chi*=14.72, df= 5 (P = 0.01); F= 66% _52 »i1 b 15 é
Testfor overall effect: 2= 0.26 (P = 0.79) Favours [intervention] Favours [control]
Intervention Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Anderson 2016 -0.03 087 870 003 1.02 923 554% -0.06[-0.15, 0.03) —
James 2007 039 117 219 063 112 215 21.8% -0.24[-0.46,-0.02)
Llaurado 2018 -015 1.1 349 -017 1.11 154 227% 0.02 [-0.18, 0.23) —
Total (95% CI) 1438 1292 100.0%  -0.08 [-0.20, 0.04] ‘r
Heterogeneity: Tau®= 0.00; Chi*=3.14, df= 2 (P = 0.21); F= 36% I t 1 t i
Test fi Il effect: Z=1.36 (P=0.17 ! 05 v 05 !
estfor overall effect. 2= 1.36 (P = 0.17) Favours [intervention] Favours [control]
Intervention Control Mean Difference Mean Difference
Study or Subgroup  Mean [cm] SD[cm] Total Mean[cm] SD|[cm] Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Llaurado 2018 72.06 8.44 349 71.33 9.72 154 38.3% 0.73 [-1.04, 2.50) &
Meyer 2014 64.7 7.3 189 63.3 7.9 102 355% 1.40 [-0.45, 3.25) T &
Nogueira 2017 65.3 8 155 66.1 85 85 26.2%  -0.80[-3.00,1.40] =
Total (95% CI) 693 341 100.0% 0.57 [-0.62, 1.75]

Heterogeneity: Tau*= 0.14; Chi*= 2.29, df= 2 (P=0.32); F=13%
Test for overall effect: Z= 0.94 (P = 0.35)

T T T 1

-2 0 2 4
Favours [intervention] Favours [control)

-4

FIGURE 2 Three random-effects meta-analysis of the mean difference in baseline to follow-up change in respectively BMI, zBMI and waist

circumference between intervention and control groups

df = 5, p = 0.01). The mean difference estimate for BMI has a very
low evidence certainty according to the GRADE assessment due to
risk of bias and imprecision. Results from three studies (n = 2730 par-
ticipants) that were included in the meta-analysis on zBMI show that
the interventions had no long-term effect on zBMI at 212 months of
follow-up in primary school-aged children.?43235 The mean difference
in zBMI between intervention and control groups was —0.08
(C195% = —0.20, 0.04; n = 2730, Z = 1.360, p = 0.17). I? was indi-
cated as 36% (2 = 0.00, x* = 3.14, df = 2, p = 0.21). Certainty of the

evidence for the long-term effect estimate of the interventions on
zBMlI is very low. Results from three studies (n = 1034 participants)
that were included in the meta-analysis on WC show that the inter-
ventions had no long-term effect on WC at follow-up in primary
school-aged children.®>2%*® The mean difference in WC between
intervention and control groups was 0.57 cm (CI95% = —0.62, 1.75;
n = 1034, Z = 0.940, p = 0.35). I* was indicated as 13% (z* = 0.14,
X2 = 2.29, df = 2, p = 0.32). Certainty of the evidence for the long-
term effect estimate of the interventions on WC is low.
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3.5 | Sensitivity meta-analyses on long-term
intervention effects

In the sensitivity analyses studies with shorter follow-up time-

27,44

points were used instead of longest follow-up time-

points.?”*> The forest plot and funnel plot of the additional sensi-
tivity meta-analysis for BMI, in which the 84 months follow-up

results?’” have been
27

replaced by the 36 months follow-up

results,”” are presented in Figure S4 and Figure S7 respectively.

TABLE 4

Patient or population: Primary school-aged children aged 6 to 12 years old

The forest plots and funnel plots of the additional sensitivity
meta-analyses for zBMI and WC, in which the study by Llaurado
and colleagues (2018)%° has been replaced by the study by Tarro
and colleagues (2014),** are presented in Figure S5, Figure S6,
Figure S8 and Figure S9.

The results from the three additional sensitivity meta-analyses
correspond to those of the three meta-analyses. The mean difference
in BMI between intervention and control groups was 0.09 kg/m?
(C195% = —0.33, 0.50; n = 5453, Z = 0.410, p = 0.68).273235-38 The

Summary of Findings for the sustained effect of primary school-based obesity prevention interventions in children aged 6-12 years

Setting: At least one component of the intervention was primary school-based
Intervention: Obesity prevention interventions with a diet component, physical activity component or both components.

Comparison: Control where no interventions took place

Anticipated absolute effects

Pooled No. of participants Certainty of the Relative effect Risk difference with
outcomes (studies) Follow-up evidence (GRADE) (95% Cl) Risk with control group intervention group*
BMI 5453 (6 RCTs) 5000 - The mean BMI at follow-up MD 0.06 higher
Very low? was 20,55 kg/m? (Cl —0.38, 0.50)
zBMI 2730 (3 RCTs) 5000 - The mean zBMI at follow-up MD 0.08 lower (Cl —0.20,
Very low? was 0.11 0.04)
wcC 1034 (3 RCTs) SDO0O - The mean WC at follow-up MD 0.57 higher
Low® was 67,62 cm (Cl —0.62, 1.75)

Not-pooled outcomes

BMI

BMI adjusted for the age-
sex-population median

zBMI

wC

zZWC

No. of participants
(studies) Follow-up

5820 (3 RCTs)

AAAAANAAANANAAN

869 (3 non-RCTs)

268 (1 RCT)

5733 (3 RCTs)

AAAAAAAAAAAAAN

421 (1 non-RCT)

421 (1 RCT)

2655 (2 RCTs)

Certainty of the
evidence (GRADE)*

SBOO Low*

AAAAANAAANAAAN

®000

Very low?

Se00O

Low®

DPDO Moderate®

AAAAANAANAANAN

®000

Very low?

ee00

Low¢

®000O

Very low?

Effects narrative®

Mixed findings were reported by three RCT studies. Two studies
found no association between group and BMI. The third study
found that increase in BMI since baseline was lower in the
intervention group compared with the control group.

FAYAYAYAYAYAVAVAVAVAVAVAVAVAVAVAV AV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV.A VAV AV VA VAVAVAVAY

Mixed findings were reported by three non-RCT studies. Two
studies found no association between group and BMI. The
third study found a significant programme*year interaction
effect indicating that the difference in BMI between the
intervention group and control group decreased more and
more toward the null during the follow-up.

One study reported that the change in BMI adjusted for the age-
sex-population median was not significantly lower for the BM
intervention group and FMS intervention group compared to
the control group. However change in BMI minus sex-age
population median was significantly lower for the combined
BM/FMS intervention group compared to the control group.

Mixed findings were reported by three RCT studies. One study
reported significant lower zBMI at 24 and 36 months follow-up
in the intervention group compared with the control group for
normal weighted children at baseline. A second study reported
a significantly larger decrease in zBMlI in the intervention group
compared with the control group. A third study found no
association between group and zBMI.

VAVAYAVAVAVAVAVAVAVAVAVAV AV VAV AV AV VAV AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV VAV AV VAV W VAV, V VAV VAVAVAVAVAVAVAVAVAVAN

One non-RCT study found no associations between group and
zBMI.

One RCT study found no association between group and WC.

No associations between group and zZWC or change in zZWC were
found in two RCT studies.
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TABLE 4 (Continued)

No. of participants
(studies) Follow-up

7059 (9 RCTs)

AAAAAAAANANANAN

896 (3 non-RCT)

Not-pooled outcomes

Weight status

S000

Very low?

Certainty of the
evidence (GRADE)*

BOOQO Very low?

ANAAANANANAAAN

OBESITY

Effects narrative”

Nine RCT studies reported mixed findings. Six studies did not
report significant associations between group and weight
status. A seventh study reported a significantly lower
percentage of overweight participants in the intervention
group compared with the control group at 84 months follow-
up, whereas no significant association was found at 36 months
follow-up. An eighth study found a significant association
between intervention group and lower overweight percentage
at 36 months follow-up. The ninth study found a significant
association between the combined BM/FMS intervention
group and decrease in overweight percentage compared with
the control group, but no significant association was found
between the BM intervention group or FMS intervention group
and change in overweight percentage compared with the
control group.

AYAVAVAY, VAV V. VAV.VA VAV, VAV AV, VAV, VAVAVAV VAVAV. VAV AVAVAVAVAVAV VAV V,VAV AV, VAV VAVAV,VAVAV,V VAVAV,VAVAV,VAV.VAVAV.VAVAN

Three non-RCT studies found no associations between group and
weight status.

Note : # = narrative effects for the not-pooled outcomes are based on the results in Table S4. GRADE Working Group grades of evidence High certainty:
we are very confident that the true effect lies close to that of the estimate of the effect. Moderate certainty: we are moderately confident in the effect
estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. Low certainty: our
confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect. Very low certainty: we have very
little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Grading explanations : 1. Inconsistency component of GRADE is uncertain for the not-pooled outcomes. No available sufficient information on
heterogeneity or confidence intervals. 2. Full explanations and reasons underlying downgrading are presented supplemental file 5 (Appendix S1). a. 2 levels
downgraded for risk of bias and 1 level downgraded for imprecision. b. 1 level downgraded for risk of bias and 1 level downgraded for imprecision. c. 1

level downgraded for risk of bias. d. 2 levels downgraded for risk of bias.

Abbreviations: BM, behavioural modification; BMI, body-mass index; Cl, confidence interval; FMS, fundamental movement skills; MD, mean difference;

RCT, randomized controlled trial; WC, waist circumference.

* The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the

intervention (and its 95% ClI).

mean difference in zBMI between intervention and control groups
was —0.08 kg/m? (C195% = —0.19, 0.02; n = 2846, Z = 1.550,
p = 0.12).26324% The mean difference in WC between intervention
and control groups was 0.62 cm (CI95% = —0.51, 1.75; n = 1150,
Z =1.080, p = 0.28). 353844

3.6 | Long-term effectiveness of interventions on
non-pooled outcomes

The long-term intervention effects on the non-pooled outcomes are
narratively described in Table 4a subdivision is made between evi-
dence originating from RCTs and evidence originating from non-RCTs.
A complete overview of the GRADE rating assessments per GRADE
item, and accompanied with our explanations for grading up and
down, is presented in Table S2.

Six studies, of which three RCTs and three non-RCTs, studied
intervention effects on BMI and findings were mixed. Of the three
RCTs, two studies found no association between intervention and a
long-term impact on BMI with follow-up periods of 24 and
168 months.*>#* The third RCT found a lower BMI increase at
12 months of follow-up since baseline in the intervention group

compared with the control group.3* The certainty of the evidence
across the RCTs following the GRADE assessment was rated as low.
Of the three non-RCTs, two studies found no association between
intervention and a long impact on BMI with follow-up periods of
20 and 48 months.2%4! One study found a significant interaction
effect between intervention and time. In this study the differences
in BMI between groups decreased toward the null during the follow-
up period, which suggests that the intervention effect did sustain up
to 84 months of follow-up.>® The certainty of the evidence across
the non-RCTs following the GRADE assessment was rated as
very low.

Only one non-RCT reported on the change since baseline in BMI
adjusted for the age-sex-population median.*? This study had three
intervention arms and no significant effect on the outcome was found
for the intervention group with solely a behavioural modification com-
ponent and for the intervention group with solely a fundamental
movement skills component in comparison with the control group.
The intervention group with combined behavioural modification and
functional movements skills components however was associated
with a significant lower BMI adjusted for the age-sex-population
median in comparison with the control group. Certainty of the evi-

dence was rated as low.
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Regarding zBMI, three RCTs reported mixed findings. One study
found no association between intervention and zBMI at 12 months
follow-up.3* One study found significant lower zBMI values in the
intervention group compared with the control group at 24 and
36 months of follow-up.?® Another study reported a significantly
larger decrease in zBMI from baseline to 12 months of follow-up in
the intervention group compared with the control group.®* For zBMI
the certainty of the evidence across RCTs following the GRADE
assessment was rated as moderate. Furthermore, one non-RCT found
no association between intervention and zBMI at 20 months of
follow-up.%° Certainty of the evidence following the GRADE assess-
ment was rated as very low.

One study examined the intervention effect on WC and found no
association between obesity prevention interventions and WC at
20 months of follow-up.3® The certainty of this evidence was rated as
low. In addition, two studies reported on intervention effects on zZWC
at respectively 12 and 24 months of follow-up and both studies found
no association between group and zZWC or change in ZWC.?%3? The
certainty of the evidence was rated as very low.

A total of 12 studies reported on the effect of obesity prevention
interventions on weight status, of which nine RCTs and three non-
RCTs. Of the nine RCTs, the majority of six studies found no associa-
tion between the intervention and weight status. 263132354344 |n one
RCT a lower percentage of overweight was found in the intervention
group in comparison with the control group at 84 months of follow-
up, whereas this association between group and percentage of over-
weight was not apparent at 36 months of follow-up.2” Another RCT
found a similar association at 24 and 36 months of foIIow—up.28 Last,
one RCT with 12 months follow-up found a significant association
between the combined behavioural modification and functional move-
ment skills intervention group and decrease in the percentage of chil-
dren with overweight compared with the control group, but no
association was found between the behavioural modification inter-
vention group or functional movement intervention group and change
in overweight percentage compared with the control group.*? The
certainty of the evidence across RCTs was rated as very low. Further-
more, three non-RCTs found no association between obesity preven-
tion interventions and weight status ranging between 12 and

60 months of follow-up.27-374°

4 | DISCUSSION

We included 19 studies in this review, of which 9 RCT studies were
included in either the pooled meta-analyses or pooled sensitivity
meta-analyses. Sixteen studies were used for non-pooled analyses.
The results from the meta-analyses suggest no long-term effects of
obesity prevention interventions on the pooled outcome WC,
whereas the evidence is very uncertain about the long-term effects
on BMI and zBMI. The additional sensitivity meta-analyses, including
the earlier follow-up time points, revealed similar results. Narrative
results have been subdivided in evidence originating from RCTs and

evidence resulting from non-RCTs. Beneficial long-term effects on the

non-pooled outcomes were found in only a limited number of studies,
irrespective of study design. Summarizing, the results of this review
do not show clear evidence regarding the long-term effects of primary
school-based obesity prevention interventions in children on obesity-
related outcomes.

In total five studies reported positive long-term intervention

effects on non-pooled outcomes?”:28:33:34:42

and one study in the
meta-analyses reported positive long-term intervention effects.>2
When having a closer look at these intervention studies (Table S3),
they show much variation in characteristics such as intervention com-
ponents, intervention duration and follow-up length. Likewise, the
other 13 studies that found no evidence for a long-term effect
>12 months post-intervention in any outcome were very diverse in
terms of those characteristics. Furthermore, there is also much vari-
ability regarding additional settings on top of the primary school-
based setting and regarding the theoretical framework underlying the
intervention in both the studies for which long-term effects were
found and the studies for which no long-term effects were found. As
we could not statistically perform subgroup analysis due to lack of
power, the role of intervention duration, intervention components,
follow-up length, setting and theoretical framework on long-term
intervention effectiveness remains uncertain. More targeted evidence
in this area is needed and may be gathered using innovative study
designs in future studies and by using predictive modelling combining
intervention characteristics and individual participant data.*

The interpretation of studied long-term intervention effects
above needs consideration of the immediate post-intervention effects
as well. Some interventions might have been effective to start with
and others not. We have been able to retrieve this information for
15 of the 19 intervention studies in both the included studies in this

2628-39.4244 and in earlier published studies.**>? For 4 of

review
these 15 studies, positive long-term effects were found.?®323442 Oyr
findings indicate that the intervention effects sustained up to

3442 and have sustained

12 months post-intervention in two studies
and have been improving up to 36 and 24 months since immediately
post-intervention in the other two studies.28%24¢ When looking into
the 11 studies for which no long-term effects on any outcome were
found in this review,2%29-313335-39.44 three interventions were
not effective immediately post-intervention as well on any

29,31,37,47

outcome, whereas eight interventions showed effective-

ness on at least one outcome
26,30,33,35,36,38,39,44,48fSZThe

immediately post-interven-
tion. lack of sustained and long-term
intervention effects in most of the studies may have several causes,
but the obesogenic environment that surrounds and shapes the health
behaviour of children and adolescents certainly plays an important

role, %>

opposing the effects that an ended intervention might have
accomplished. However, methodological issues of the included studies
might give alternative explanations for the lack of sustained and long-
term intervention effects. Sample sizes in general were small, as 15 of
the 19 studies had a sample size between 100 and 1000 participants.
Attrition of participants at follow-up was apparent in all the included
studies, and ranged between 16.4% and 87.7%. More specifically, the

retention rates were even lower for the studies with a longer follow-
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up length. Such participant attrition possibly results in power issues to
adequately assess intervention effects at long-term follow-up.

This review has been aggregating the available evidence on the
long-term effects of primary school-based obesity preventive inter-
ventions and intends to help the research field on long-term interven-
tion effect studies forward. The findings in this review must be
interpreted with caution due to a few limitations. Based on the
GRADE assessment tool, the certainty of the evidence for the pooled
and non-pooled outcomes was generally low to very low, mainly due
to the relatively high risks of bias across studies. This is in line with
our quality assessment score for the included studies. As mentioned
above sample sizes and attrition in included studies might have influ-
enced the lack of positive findings. Furthermore, the small sample
sizes in combination with the low number of included studies influ-
enced the possibilities for interpretation of heterogeneity in the meta-
analyses.”>>® As we included a small number of studies in each meta-
analysis, the confidence intervals were wide. This causes uncertainty
regarding the systemacy of the I?-measure. A visual exploration of the
forest plots suggests some additional undetected heterogeneity in the
I>-measure. Therefore, this review has only reported the I>-measure,
instead of interpreting and labelling the I?>-measure by using cut-off
points. Furthermore, in this review we limited the scope of outcomes
to BMI, zBMI, waist circumference and weight status. We acknowl-
edge the fact that the use of other anthropometric indicators (such as
fat percentage) and more in-depth considerations of methods to
assess obesity (such as the 95th percentile) may lead to additional
insights in the future. Final limitations are that trial registries were not
searched and that non-English studies were not included in this sys-
tematic review.

In line with recommendations by Brown and colleagues (2019)
we performed this review to aggregate the current evidence on the
long-term effects of school-based obesity prevention interventions.’
We cross-checked the included RCTs in this review against those in
the Cochrane review by Brown, and substantially expanded the evi-
dence base by our more recent search and by allowing other designs
than RCTs (6 studies). In comparison, from the 13 included RCTs in
this review, 3 RCTs were also included in the Cochrane review,3#3¢42
for 5 RCTs we included studies with a longer follow-up of included
studies in the Cochrane review?42831:3237 and 5 RCTs were not
included in the Cochrane review,273538:4344

Due to the limited number of available studies and the low quality
of studies we cannot present clear evidence regarding the long-term
effects of interventions on obesity-related outcomes. Based on the find-
ings in this review, we have the following recommendations for future
research. First of all, we emphasize the urgent need for higher quality
follow-up studies to add to the knowledge base on the long-term effec-
tiveness of primary school-based preventive interventions. Based on
the shortcomings in quality of the reviewed studies, we recommend to
prospectively register the studies, choosing appropriate analysis tech-
nigues, to adequately report on missing outcome data, to blind asses-
sors and to adequately describe intervention and control group
conditions. Clear information on control group content (attention

control or usual practice) is important, because studies with attention

OBESITY

control help researchers to disentangle the beneficial effects of atten-
tion and interpersonal interactions from the intervention itself.>” RCTs
are often considered the golden standard for these effectiveness evalu-
ation studies,** but long-term follow-up of RCTs might be challenging
due to funding issues or because it is unethical to withhold children
from effective interventions for more years. Furthermore, the longer
the follow-up period, the more likely it will become that power or attri-
tion issues arise that make it more difficult to reach sound evidence on
effectiveness. Therefore, to assess the long-term impact of interven-
tions, other types of study designs may give important insights as well.
Natural experiments, quasi-experimental and observational studies
might be considered more feasible due to logistic or practical issues or
can be considered more ethical than randomizing children for years in a
control group withholding them from future interventions which are
possibly effective.22% In addition, using data from existing registries or
ongoing cohort studies might be a way to derive insights on the long-
term effects of interventions beyond their intervention period. Further-
more, we recommend the use of predictive modelling combining inter-
vention characteristics and individual participant data in future studies
to more adequately determine the effect of different intervention com-
ponents and in population subgroups. If researchers choose for RCT
designs, they should take into account the consequences of participant
attrition at follow-up for their statistical power. We recommend
researchers to take this into account for their power calculations and
sample size determination when setting up new intervention effect
evaluation studies. When reviewing the included interventions in this
review, it becomes clear that interventions with a duration of multiple
school years are underrepresented. More studies into the long-term
effectiveness of interventions with longer durations are therefore
recommended. Furthermore, when more evidence from high quality
studies becomes available in the future, it will be valuable to review in
more detail the differences in intervention effectiveness between sub-
groups of the population (such as differences in socioeconomic status
or weight status) in an updated review. Finally, we recommend
researchers to conduct more long-term effect studies in which both
obesity-related outcomes and changeable lifestyle factors are measured.
These studies are valuable to gain more knowledge on the pathways
that underlie behaviour change in youth. It is likely that the association
between obesity prevention interventions and their long-term effect on
obesity-related outcomes such as BMI, zBMI, WC and weight status is
mediated by intermediate factors related to a healthy lifestyle. Caloric
overconsumption, poor food choices, sedentary behaviour and low
levels of physical activity are changeable factors for the prevention of
childhood obesity.>®%1 A recent systematic review and meta-analysis
by Nally and colleagues observed that primary school-based interven-
tions have no clear effect on healthy lifestyle behaviours such as seden-
tary behaviour, moderate-to-vigorous physical activity and diet
behaviour.®? Therefore, future research is warranted to explore the
actual change in lifestyle that precedes outcomes on overweight on the
short and longer term in primary school-based interventions.

Based on our findings, we have the following recommendations
for practice. Policymakers and intervention developers should bear in

mind that evidence of sustained effects of many included
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interventions in this review is unclear. Besides methodological expla-
nations, explanations can be found in the obesogenic environment
that surrounds and shapes the health behaviour of children and

adolescents,>3°*

opposing the accomplished effects immediately
post-intervention. This may signify the need to implement prolonged
interventions or additional interventions for children and adolescents
to sustain and improve a healthy lifestyle. As a considerable number
of the interventions showed immediate post-intervention effective-
ness, more focus might also be needed on maintaining healthy behav-
iours. Whole system approaches with more focus on policies, systems
and environments might be a promising way forward for policymakers
in order to initiate and maintain behaviour among schoolchildren.®®
Therefore, a promising way for policy makers to intervene may there-
fore be policy, systems and environment changes supporting healthy

behaviour in school and community settings.

5 | CONCLUSION

The results of this review contribute to knowledge on the long-term
effects of obesity prevention interventions. It did not show clear evi-
dence regarding the long-term effects of primary school-based obe-
sity prevention interventions in children on obesity-related outcomes
and certainty levels of the evidence were generally low. We recom-
mend policy makers and intervention developers to implement pro-
longed interventions or additional interventions for children and
adolescents to sustain a healthy lifestyle. Collaborating with
researchers in early phases of intervention planning may be useful for
this purpose Moreover, we emphasize the need for long-term effect
evaluation studies using more innovative study designs. We specifi-
cally emphasize the urgent need for higher quality studies, to be able
to reach stronger conclusions about the long-term effects of primary

school-based obesity prevention interventions in children.
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