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Summary

Heterogeneity of response to paediatric obesity interventions is one of the greatest

challenges to obesity care. While evaluating school-based interventions by mean

changes compared to control is important, it does not provide an understanding of

the individual variability in response to intervention. The objective of this study was

to comprehensively review school-based interventions that reported study results in

terms of response and identify definitions of response used. A scoping review was

conducted using a systematic search of five scientific databases from 2009 to 2021.

Inclusion criteria included randomized controlled trial design, school-based setting,

weight-based outcomes (e.g., BMI, BMI z-score), weight-based outcomes analysed

among youth with overweight/obesity, a study conducted in a developed country

and publication in English. A total of 26 reports representing 25 unique studies were

included. Overall, 19% (5/26) of articles reported response. Response was defined in

three ways: maintenance/decrease in BMI z-score, decrease in BMI z-score ≥0.10,

and decrease in BMI z-score ≥0.20. Few school-based interventions identified an a

priori intervention goal or identified the proportion of participants who responded to

the intervention. Without such evaluation participants who do not benefit are likely

to be overlooked.
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1 | INTRODUCTION

The scope and severity of childhood obesity are well documented,

warranting the prevalence of obesity to be referred to as an

‘epidemic’ and a ‘public health crisis’.1 Evaluation of paediatric

obesity intervention traditionally relies on comparing mean changes

between intervention and control groups.2 This programmatic eva-

luation has played an important role in improving paediatric obesity

intervention. For example, although schools were identified as an

important focal point for intervention,3 initially many school-based

interventions did not improve child weight-related outcomes.4,5

Through comparing mean changes between intervention and control

conditions, intervention programs were revised and the effectiveness

of school-based interventions has improved.6

Despite the benefit of comparing mean changes between groups,

real world conditions of community-based and public health inter-

ventions do not have control groups to which intervention outcomes

can be compared. Identifying an a priori goal for intervention response

is important to determine intervention utility and if an intervention is

having a meaningful impact. This approach is important at all stages of
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intervention research and is consistent with the ORBIT model which

emphasizes the need for preliminary evidence that intervention

outcomes are likely to have clinically meaningful outcomes before

doing larger scale efficacy trials.7 Similarly, understanding the propor-

tion of participants who reach clinically meaningful outcomes can

help identify which interventions should be disseminated as well as to

track outcomes of an intervention once disseminated. For example,

changes in the proportion of participants who reach clinically mean-

ingful outcomes overtime from an intervention could signal issues

with implementation fidelity.

Currently, there is no agreed upon definition or criteria for

clinically meaningful response to paediatric obesity interventions.8 An

increasing number of weight loss interventions among adults report

the proportion of individuals who achieve the 5%–10% threshold of

weight loss associated with cardiometabolic improvements.2 This type

of evaluation parallels the efficacy standards needed for the FDA to

approve a weight loss drug. Specifically, at least 35% of individuals

taking the drug must reach ≥5% weight loss for the drug to be

considered effective.9 While not used as an a priori intervention goal

or evaluation metric, a wide range of paediatric response definitions

have been developed out of necessity as part of secondary analyses

investigating characteristics predictive of response in clinic-based

paediatric intervention. Definitions used include the maintenance or

decrease in standardized body mass index (zBMI)10–12 or BMI repre-

sented as a percentage of the 95th BMI Percentile,13 ≥5% reduction

in zBMI,14–16 ≥10% reduction in zBMI,16 ≥0.20 reduction in zBMI,17

or a 5% reduction in weight.18 Response time frames ranged from

post intervention16,18 to 2 years follow-up,13,16,17 with most studies

analysing response at 1 year.10,11,13–15

The purpose of this scoping review was to (1) identify the propor-

tion of school-based interventions that report study results in terms

of response and to (2) examine definitions used for response to

school-based intervention. Understanding how response to school-

based intervention is evaluated and reported is particularly important

as there is likely to be greater variation in response to school-based

intervention than to clinical interventions among only treatment-

seeking participants. Similarly, understanding how many students

reach meaningful improvements from school-based intervention is

important to determine if the intervention should be continued

and/or disseminated further. With school-based interventions as an

example, the findings from this review will shed light on the current

state of the literature with regards to how meaningful change is

being defined and reported in community-based paediatric obesity

interventions.

2 | METHODS

2.1 | Study design

This scoping review intended to analyze the state of current literature

on school-based obesity interventions, particularly how response is

defined and reported, which falls under Kirksey and O0Malley's first

scoping review purpose, “to examine the extent, range and nature of

research activity.”19 The review is being reported according to the

Preferred Reporting Items for Systematic Review and Meta-Analyses

Extension for Scoping Reviews (PRISMA-ScR).20

2.2 | Search strategy

Systematic searches, developed by a health sciences librarian in

collaboration with subject experts, were conducted in PubMed,

Scopus, PsycInfo (EBSCO), Education Source (EBSCO), and ERIC

(EBSCO) on 12 August 2021. A comprehensive list of keywords and

subject terms covering the concepts of school-based programs, body

mass index, and children and adolescents were combined using the

appropriate Boolean operators. Additionally, filters for study type

(randomized controlled trials), publication date (2010—date of search),

language (English), and geographic region (exclusion of Africa,

Antarctic and Arctic regions, and Asia) were applied. Complete search

strategies are included in supplement information S1.

2.3 | Inclusion/exclusion criteria

Inclusion criteria were a school-based setting, an outcome measuring

weight or BMI, school-aged paediatric participants, randomized con-

trolled trial, and publication in English in 2010 or later. With this being

the initial review to examine how response to intervention was being

reported, it was important to include only randomized controlled trials

to keep the data synthesis as clean as possible. Included articles were

limited to those published in 2010 or later because the focus on preci-

sion medicine and heterogeneity in response to obesity intervention

is relatively new among paediatric populations.2 Accordingly the

most relevant articles are likely to be captured in the past decade of

research. Exclusion criteria were any settings outside of school such

as churches or community centres, pre-school settings, primary

prevention studies or studies that did not measure weight or BMI,

non-randomized controlled trial study designs, publication in lan-

guages other than English, and locations in Africa, Antarctic or Arctic

regions, or Asia. These geographic region exclusions were applied to

primarily limit results to westernized nations. Articles were also

excluded if they assessed weight-based outcomes on samples with

mixed weight statuses (i.e., only articles with an analysis for ‘second-
ary prevention’ populations were included).

2.4 | Article screening

The database searches yielded a combined 2214 records. A first round

of deduplication was conducted in EndNote, and a second round was

done in Rayyan, a free web-based systematic review screening tool

developed by the Qatar Computing Research Institute.21 Rayyan was

then used to screen the remaining 1608 unique records for inclusion

and exclusion. For the first level of screening, two researchers
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reviewed the titles and abstracts of the citations to eliminate articles

that did not meet the minimum inclusion criteria. When opinions

between these two researchers differed, a third researcher reviewed

the article. Reviewers met to resolve any conflicts and ensure consis-

tency. Disagreements were resolved by a majority vote. This same

process was followed for the full-text review of articles, and articles

not meeting eligibility criteria were excluded. Reasons for exclusion

were documented within Rayyan. See Figure 1 for the PRISMA flow

diagram.

2.5 | Data extraction

The characteristics of each article were extracted by two reviewers.

Reviewers extracted the following information regarding the reporting

of response: was any definition of response reported (yes or no), defi-

nition of response if it was reported, was the difference in the propor-

tion of participants who met the response definition tested between

intervention conditions (yes or no), and the response outcome

reported. Specifically, the term ‘response’ refers to a threshold of

meaningful change in weight outcomes as defined and reported

(or not) in each study. After researchers independently extracted

data, it was compiled into a single spreadsheet. Data synthesis was

performed through researcher discussion examining the similarities

and differences of each study. As part of this discussion, tables were

created to map out the characteristics of the study population

(Table 1), intervention description and outcomes (Table 2), and

response reporting (Table 3). These tables were used to identify

patterns in how meaningful change is being defined and reported in

school-based obesity interventions.

3 | RESULTS

A total of 26 records, representing 25 unique studies, met the

inclusion/exclusion criteria to be included in this scoping review.

Table 1 provides a description of participant characteristics across

studies. Most studies (21/25) were conducted in the United States.

Two studies occurred in Australia,22–24 one in Canada,25 and one in

the United Kingdom.26 The age of study participants varied with

8/25 studies having a mean participant age of 10 years or younger (�
elementary school),24–31 10/25 with mean participant age 11–

F IGURE 1 Flow diagram.
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TABLE 3 Reporting of response across studies

Study (first author's last name

and year published)

Response

reported Definition of response

Response

statistically tested Response outcome

Adab 201826 No n/a n/a n/a

Arlinghaus 201735 Yes Maintained or decreased

zBMI (examined at 6

and 12 months)

no 80% of intervention group compared to

64% of control group met response

criteria at 6 months

68% of intervention group compared to

55% of control group met response

criteria at 12 months

Arlinghaus 201934 Yes at least 0.20 decrease in

zBMI at 12 months

no Presented in figure only, exact proportions

not reported

Arlinghaus 202138 No n/a n/a n/a

Bogart 201637 No n/a n/a n/a

Daly 201641 No n/a n/a n/a

Davis 202131 Noa n/a n/a n/a

Foster 201036 Noa n/a n/a n/a

Johnston 201032 Yes maintained or decreased

zBMI (examined at 1

and 2 years)

yes, chi square 79.5% of intervention group compared to

35.5% of control group met response

criteria at 1 year (difference statistically

significant)

62.1% of intervention group compared to

35.3% of control group met response

criteria at 2 years (difference between

groups not reported)

Johnston 2013a27 No n/a n/a n/a

Johnston 2013b33 Yes maintained or decreased

zBMI (examined at 1

and 2 years)

yes, chi square 68.2% of intervention group compared to

42.9% of control group met response

criteria at 1 year (difference not

statistically significant)

81.6% of intervention group compared to

35% of control group met response

criteria at 2 years (statistically significant

difference)

Jones 201524 No n/a n/a n/a

Kong 201342 No n/a n/a n/a

Kubik 202130 No n/a n/a n/a

Love-Osborne 201443 Yes 0.1 decrease in zBMI at

�10 months

yes, chi square 18.2% of intervention group compared to

40.3% of control group met response

criteria at end of academic year

(difference statistically significant, in

favour of control)

Lubans 201623 Noa n/a n/a n/a

Mabli 202039 Noa n/a n/a n/a

Madsen 202147 No n/a n/a n/a

Pbert 201344 No n/a n/a n/a

Pbert 201645 No n/a n/a n/a

Robbins 202040 No n/a n/a n/a

Santos 201425 No n/a n/a n/a

Smith 201422 Noa n/a n/a n/a

Staiano 201346 No n/a n/a n/a

Williamson 201229 No n/a n/a n/a

Wright 201228 No n/a n/a n/a

Abbreviations: zBMI, standardized body mass index.
aReports movement between weight classification (e.g., proportion of participants who moved from overweight to healthy weight classification).
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14 years (�middle school),22,23,32–40 6/25 with a mean participant age

of 15 years or older (�high school),41–46 and 1/25 including roughly

equal numbers of elementary and middle school students.47 The

majority of studies included both males and females (21/25). Four

studies either only included one gender or conducted separate,

tailored interventions for male and female participants.22–24,40,41 Most

studies were conducted among underserved populations. Specifically,

20/25 studies had a majority of participants who identified as Black,

Indigenous, or person of colour and of the 11 studies that reported

income, 10 included a majority of participants with low income.

Eleven out of 25 studies had a weight-based inclusion criteria to

participate in the study,24,28,30,39–46 5/25 studies did not have a

weight-based inclusion criteria to participate in the study, but analysis

was limited to participants with overweight or obesity,32–35 and

10/25 studies reported a subgroup analysis of participants with

overweight or obesity.22,23,25–27,29,31,36–38,47

Table 2 provides a description of each study and the main

weight-based outcomes reported in each article. Overall, 6/25 studies

were described as pilot or feasibility trials,24,28,41–44 and 4/26 articles

only reported follow-up or secondary endpoint results (i.e. results at

the primary endpoint were reported in a paper published prior to

2010).23,32,33,37 Most studies (15/25) were randomized at the

school level. Almost all studies (21/25) were two arm trials, but

three studies had three arms,29,46,47 and one had four arms.34 For

most studies the control/comparison condition was either a true

control/waitlist control (5/25)25,29,31,34,47 or treatment as usual

condition (7/25).22,23,28,38,40,42,43,46 Other studies had an education

only comparison (7/25)27,30,32,33,41,44,45 or a control group that

provided unrelated resources to participants (1/25).26 Three of the

25 studies included an active comparison group24,35,39 and two studies

did not provide details regarding the comparison group.36,37

The majority (13/25) of studies did not report the theoretical under-

pinning of the intervention. Of the 12 studies that did report theory,

Social Cognitive Theory was reported in seven studies.22–24,34,38,44–46

Other reported theories included Transtheoretical Model,42 Self-

determination Theory,22,23 Information Motivation Behavioural Skills

Theory,41 and Social Ecological Models.30,31 Most studies directly

intervened with both nutrition and physical activity behaviours (12/25).

Two studies only addressed nutrition or eating behaviours31,41 and five

primarily focused on physical activity.22–24,38,40,46 Four studies included

individual school-based health clinic visits focused on goal setting,

motivational interviewing, and other behaviour change techniques.42–45

One of these school-based health clinic studies also incorporated group

physical activity sessions.45 Two studies did not provide direct interven-

tion with youth: One study utilized BMI screening procedures,47 and the

other solely provided materials and technical assistance to school staff.27

Intervention duration ranged from 5 weeks37 to 3 years,36 with the

majority (11/25) of studies lasting 6 months32–35,38 to an academic year

(�8–10 months).25,30,31,42,43,45

Improved weight-based outcomes among the intervention group

compared to the control group were reported in 16/26 articles.

Table 3 provides information regarding the inclusion of intervention

response as an evaluation metric. Response was reported in 19%

(5/26) of articles.32–35,43 Response was defined in three ways: mainte-

nance or decrease in zBMI at 6 months and 1 and 2 years,32,33,35

decrease in zBMI of ≥0.10 at �10 months,43 and a decrease in zBMI

of ≥0.20 at 1 year.34 A few articles included the change in weight

classification as an evaluation metric.22,23,31,36,39 Notably 4/5 of

the articles including this metric did not report a beneficial mean

intervention effect among participants with overweight or obesity. Of

the five studies that reported response, three statistically compared

the proportion of participants who met the threshold for response

between intervention conditions.32,33,43

4 | DISCUSSION

The results of this scoping review identified a paucity of school-based

obesity interventions that included intervention response rates.

The 19% (5/26) of articles that reported intervention response rates

found in this review may inflate the relative prevalence of response

reporting because four32–35 of the five studies32–35,43 that reported

response were from the same research group. Consistent with

secondary analyses of clinically-based intervention,10–18 multiple

definitions for response were used among school-based interventions.

Notably, only one study provided a rationale for the used response

definition,34 which is consistent with analyses among clinic-based

interventions which also often do not provide a rational for response

definition. The lack of reporting response coupled with the lack of

rationale for response definitions used highlights an important gap in

current evaluation of paediatric obesity treatment.

The infrequent reporting of response among school-based

obesity interventions may be due to a lack of consensus in a definition

for response to paediatric obesity intervention. Few of the studies in

this review defined a weight goal for the intervention,27,35,45 and only

one study explained this goal prior to reporting results.45 This obser-

vation indicates that the a priori weight goals for school-based obesity

interventions is often to improve weight-related outcomes more than

doing nothing (control group). While this is a first step, the dissemina-

tion of programs that are “better than nothing” (i.e., have statistically

significant improvements compared to control) but do not achieve

meaningful reductions in weight outcomes among a substantial pro-

portion of participants is unlikely to impact the prevalence of obesity.

In the context of community-based and public health settings, a priori

intervention goals are important to determine which interventions

merit dissemination, use of resources, and to evaluate intervention

impact when a control group is not available. Establishing specific

goals for an intervention and tracking the proportion of participants

who meet the goal would provide a meaningful mechanism to

continue the evaluation of intervention programs in the absence of a

control group to ensure they are still beneficial.

Defining response to paediatric obesity intervention is an

important and complex area in need of further research. The adult

definition for response is a 5%–10% weight loss because this thresh-

old is associated with cardiometabolic improvements. The threshold

of weight-related improvements associated with cardiometabolic
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improvements among youth is more complicated to determine

because they are still growing and developing and because they may

not have yet lived long enough for the adverse cardiometabolic con-

sequences of obesity to have developed. Although the prevalence of

elevated cardiometabolic health markers among youth has risen

alongside the prevalence of obesity, many children with obesity do

not yet have elevated cardiometabolic health markers.48–51 Hormonal

changes during puberty, a time when changes in weight and body

composition naturally occur for youth, also make it difficult to define

metabolic syndrome in youth.52–54 Furthermore, the effects of having

excess adiposity during puberty differ between individuals with

and without other cardiometabolic risk factors.55 Finally, the magni-

tude of weight changes needed to improve cardiometabolic risk

varies depending on the particular marker of cardiometabolic health

examined.56–61 Due to these complicated factors, the United States

Preventive Task Force was unable to identify a specific threshold of

weight improvement associated with a cardiometabolic improve-

ments, but generally agreed with European researchers that a 0.20–

0.25 zBMI reduction is likely to have meaningful health benefits.8,62

The Endocrine Society identified a 1.5 kg/m2 decrease in BMI as of

important benefit to youth with overweight and obesity and a 7%

decrease in weight as a realistic goal for youth with severe obesity.63

Notably, the duration of an intervention and length of follow-up

are important factors in defining realistic a priori weight goals. Defini-

tions for response varied by study duration and time of follow-up. For

example, 0.1 decrease in zBMI was used at 10 months (at the end of

the intervention), whereas a decrease of 0.2 was used at a year (which

was at 6-month follow-up). If response is defined as a set amount of

change, the amount of weight loss should be realistic for the time

frame evaluated. Conversely, the response definition of a decrease or

maintenance in zBMI was used at a variety of timepoints including

6 months (at the end of the intervention), 1 year (at 6-month

follow-up), and 2 years (1.5 year follow-up). While the rationale for

the reasoning behind this definition was not discussed, this type of

response definition appears to emphasize the importance of pre-

venting further weight gain, rather than being concerned with a set

amount of improvement. Given the challenges of weight maintenance

following intervention, a priori goals for follow-up assessment may

also need to differ from the primary endpoint of the intervention.

Research regarding how to meaningfully define response to paediatric

obesity intervention is clearly needed. Given the complexity of

understanding the relationship between weight and cardiometabolic

outcomes among youth, it is possible that alternative metrics need to

be considered to define meaningful response besides the weight loss

needed to see cardiometabolic improvement.

The primary reason for article exclusion was because weight-

related outcomes were not reported separately for participants

classified with overweight or obesity from those with a healthy weight

classification (57% of excluded articles were excluded because ana-

lyses were among a population of youth with a mix weight statuses).

A unique challenge of school-based obesity intervention is that

interventions often include children of all weight classifications.

The inclusion of students of all weight statuses prevents potential

stigmatization and is feasible because behaviours promoted are similar

for both primary and secondary prevention of obesity. However,

because the youth of varying weight classifications inherently have

different weight-related goals, the definition of response to inter-

vention needs to vary by weight classification. Analysing the weight

related outcomes of all participants together regardless of weight

status is difficult to interpret and prevents understanding for

how school-based interventions may contribute to the secondary

prevention of obesity.

This study is the first to examine response definitions and report-

ing among school-based obesity interventions. This study has been

reported according to the PRISMA-ScR, which lends strength to the

methodology. Additionally, the inclusion of five databases covering

biomedicine, psychology, and education helped to ensure a compre-

hensive search was conducted for this interdisciplinary topic. Limita-

tions of this review include that the protocol was not registered prior

to the study being carried out and the authors were not contacted for

more details. Additionally, research records written in languages other

than English were excluded due to a lack of resources for translation.

Lastly, although helpful for comparison across relatively similar

schooling systems, the exclusion of non-westernized nations limits

the generalizability of findings. Generalizability of findings may also be

limited by including only randomized control trials published after

2010 as it is possible these inclusion criteria may have resulted in

missed articles. For example, practicalities of doing research in the

school setting can preclude researchers from using a randomized

control trial design.

5 | CONCLUSIONS

Behavioural lifestyle intervention is the cornerstone of obesity

prevention and treatment. Interventions in community settings like

schools can reach diverse populations and help facilitate healthy

behaviour change. School-based interventions also face a number of

practicalities that can limit the scope of interventions provided

(e.g., level of teacher training, academic priorities, limited resources,

overburdened staff). It is important that the evaluation of school-

based obesity interventions be conducted in a manner that clearly

informs decisions regarding the next steps and dissemination. Results

of the present scoping review indicate that response is rarely included

as an evaluation metric among school-based interventions. Including

response is an important step to better understand which interven-

tions are most beneficial for whom, to inform decisions regarding

intervention dissemination, and to continue rigorously evaluation of

interventions once implemented into practice. The articles included in

this review illustrate the great heterogeneity in intervention types

that occur in school settings as well as the diversity of populations

served in schools. Having a set definition for meaningful response is

particularly critical to help compare effectiveness across the wide

range of populations and intervention types aimed at addressing

obesity, especially when interventions are evaluated with various

study designs. As the proportion of participants responsive to an
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intervention can vary greatly depending on the criteria for response,

researchers are encouraged to select a response definition or inter-

vention goal a priori.
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