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Abstract

Background: Approximately a quarter of Australian children are classified as overweight or obese. In high-income
countries, childhood obesity follows a socio-economic gradient, with greater prevalence amongst the most socio-
economically disadvantaged children. Community-based interventions (CBI), particularly those using a systems
approach, have been shown to be effective on weight and weight-related behaviours. They are also thought to
have an equitable impacts, however there is limited evidence of their effectiveness in achieving this goal.

Methods: Secondary analysis was conducted on data collected from primary school children (aged 6–13 years)
residing in ten communities (five intervention, five control) involved in the Whole of Systems Trial of Prevention
Strategies for Childhood Obesity (WHO STOPS) cluster randomised trial in Victoria, Australia. Outcomes included
Body Mass Index z-score (BMI-z) derived from measured height and weight, self-reported physical activity and
dietary behaviours and health related quality of life (HRQoL). Repeat cross-sectional data from 2015 (n = 1790) and
2019 (n = 2137) were analysed, stratified by high or low socio-economic position (SEP). Multilevel linear models and
generalised estimating equations were fitted to assess whether SEP modified the intervention effect on the
outcomes.
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Results: There were no overall changes in BMI-z for either SEP strata. For behavioural outcomes, the intervention
resulted in a 22.5% (95% CI 5.1, 39.9) point greater improvement in high-SEP compared to low-SEP intervention
schools for meeting physical activity guidelines. There were also positive dietary intervention effects for high SEP
students, reducing takeaway and packaged snack consumption, although there was no significant difference in
effect between high and low SEP students. There were positive intervention effects for HRQoL, whereby scores
declined in control communities with no change in intervention communities, and this did not differ by SEP.

Conclusion: The WHO STOPS intervention had differential effects on several weight-related behaviours according
to SEP, including physical activity. Similar impacts on HRQoL outcomes were found between high and low SEP
groups. Importantly, the trial evaluation was not powered to detect subgroup differences. Future evaluations of CBIs
should be designed with an equity lens, to understand if and how these types of interventions can benefit all
community members, regardless of their social and economic resources.

Background
A quarter of children in high-income countries have
overweight or obesity [1] following a clear socio-
economic gradient with prevalence increasing when
socio-economic position (SEP) decreases [2]. There is
evidence that childhood obesity is plateauing overall in
high-income countries [3] though these overall trends
may be obscuring widening inequalities between chil-
dren from high and low SEP backgrounds [4–6]. Fur-
ther, weight-related behaviours, such as physical activity
(PA) and diet, also vary according to SEP [4, 7, 8].
Childhood obesity, and socioeconomic inequalities in

childhood obesity distribution, arise from complex inter-
actions between individual, behavioural, environmental
and social factors [9]. For example, weight-related be-
haviours in children may be driven by a combination of
individual factors, such as family income and parental
education levels [10], and environmental and social fac-
tors, such as access and affordability of healthy food, and
opportunities for safe PA and active transport [11].
The World Health Organization (WHO) recommends

that for effective and sustainable childhood obesity pre-
vention, community-based interventions (CBIs) are de-
livered alongside population-wide healthy eating and
active living policies and structural change [12]. CBIs are
designed and delivered at the community level and
driven by community members. Specific actions are de-
vised that are specific to the community environment
and implemented across multiple settings (e.g. schools,
child care centres, neighbourhoods, sporting clubs) [12].
Systems thinking provides the tools to consider commu-
nities holistically, emphasising connections between
parts of the community and wider system in planning
interventions [13]. Applying a systems thinking approach
as a way to develop actions for CBIs has received par-
ticular attention as a potential way to address health in-
equities [14–16], however evaluation of systems-based
CBIs from an equity perspective is lacking [16].
Further to this, while the evidence is accumulating that

CBIs can have equitable impacts on weight-related

outcomes in obesity prevention studies [17], differential
impacts according to SEP of CBIs on weight-related be-
haviours (e.g. PA and diet) and health-related quality of
life (HRQoL) outcomes are often not evaluated. A sys-
tematic review [17] examining the impact of CBIs on a
variety of health outcomes included five studies focussed
on childhood obesity. Four of the five studies found the
interventions to be equally or more effective in low com-
pared to high SEP participants in preventing weight gain,
with only one [18] study examining weight-related be-
haviours (PA) by SEP.
As obesity prevention interventions generally aim to

improve PA and dietary behaviours, it is important to
also evaluate the differential effect of interventions on
these outcomes by SEP. Improvements in these behav-
iours may not always translate directly to weight out-
comes, however could indicate that the intervention is
positively impacting on intermediate variables (media-
tors) in the pathway between intervention and weight-
related outcomes [16].
The current study presents a secondary analysis of

data from the Whole of Systems Trial of Prevention
Strategies for Childhood Obesity (WHOSTOPS Child-
hood Obesity), a four-year systems-based CBI involving
ten communities in Victoria, Australia [19]. The trial
found a significant within-group reduction in over-
weight/obesity prevalence in intervention communities
between 2015 and 2017, followed by a significant in-
crease between 2017 and 2019, while remaining constant
in control communities across the four years [20]. Posi-
tive intervention effects were found for takeaway food
consumption, HRQoL scores and nutrient poor snack
consumption (boys) and water consumption (girls) [20].
The relatively long four-year follow-up period was one
proposed explanation for the weight status outcomes,
with reduced intensity of the intervention effort in the
2017–2019 time period. Comparable CBIs that have
demonstrated reductions in overweight/obesity had one
to two year follow-up periods [21–23], similar to the ini-
tial two-year results of WHO STOPS [20]. Investigation
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of the WHO STOPS results, according to SEP, may give
further insight into the trial outcomes.
This study aimed to test the hypothesis that a CBI ap-

plying techniques from system science to prevent child-
hood obesity has differential impacts on weight status,
weight-related behaviours and health-related quality of
life according to school-level SEP in Victoria, Australia.

Methods
This design, conduct and reporting of this study follow
the recommendations of the Consolidated Standards of
Reporting Trials (CONSORT): extension for Cluster
Randomised Control Trials guidelines [24].

Study design
This study is a secondary analysis of the WHO
STOPS Childhood Obesity trial. Detailed study
methods have been published elsewhere [19]. WHO
STOPS employed a systems-based CBI approach to
childhood obesity prevention and was implemented
across ten communities in a regional area of Victoria,
Australia. Ten communities were randomised (1:1) in
2015 into five intervention and five control communi-
ties. The original design was a stepped wedge design
with control communities planned to enter the inter-
vention in 2017. However, due to unplanned staff
turnover in partner organisations, shifting priorities
and a need for local partners to respond to natural
disasters (e.g., bushfires), the intervention was delayed
in control communities until 2019. Therefore, the
communities remained intervention or control for the
four-year period (2015–2019).

Intervention
The intervention included five phases [19]. The first
involved collection of the baseline height and weight,
weight-related behaviours and health-related quality of
life from primary school students in the ten commu-
nities. The second phase included working with
leaders in the five intervention communities to iden-
tify the childhood obesity drivers in their community.
These drivers were used develop a causal loop dia-
gram (systems map) [25] to highlight the interconnec-
tions between these drivers. In the third phase,
engagement of further community representatives was
undertaken, particularly community members who
could impact food and PA environments and choices.
This group collaborated to identify intervention ac-
tions that could be undertaken in their community,
based on the systems map and presentation of case
studies of previously successful actions, known as the
fourth phase. The final phase included monitoring of
children’s weight status weight-related behaviours
every two years in all ten communities, and ongoing

review and updates to the systems map and actions
conducted in the five intervention communities.

Community actions
The specific actions, number of strategies and inten-
sity of intervention varied in each community de-
pending on their unique circumstances, such as
capacity, resources, community priorities and engage-
ment. Examples of healthy eating initiatives included
healthier food provision at school canteens, child-care
centres and community playgroups, reduction or re-
moval of sugar sweetened beverages (SSB) in health
services and community centres, and increasing the
availability of water and healthy food options at com-
munity events. Physical activity initiatives included
providing designated drop off zones around schools
to encourage children to walk the last 800 m, con-
struction of a new footpath enabling improved active
transport to school, walking school buses to primary
schools, establishment of running groups and public
running events in the community and teaching bike
safety within schools [26].

School recruitment and study procedures
At each monitoring wave (2015, 2017 and 2019) all pri-
mary schools (Government, Independent and Catholic)
across the 10 communities were invited to participate.
Students were enrolled into the study unless an opt-out
form signed by their parents or guardians was returned
to the school or verbal assent was not given by the stu-
dent at the time of measurement. Students were also
able to participate in as much (e.g. all measurements) or
as little (e.g. only survey) as desired. In 2015, students in
Catholic schools participated under an ‘opt-in’ approach,
requiring active parental consent. Due to research dem-
onstrating opt-in approaches underestimate population-
level overweight/obesity by 5 percentage points [27], stu-
dents from these schools were excluded in 2015
analyses.
School participation rates were 72.7% (40/55), and

62.9% (44/70) in 2015 and 2019 respectively. In 2015,
the participation rate was 79.6% (1792/2251) of eligible
students within participating schools, and in 2019 it was
78.6% (2137/2720).
Height and weight data were measured of Grade 2

(aged approx. 7–8 years), Grade 4 (aged approx. 9–10
years) and Grade 6 (aged approx. 11–12 years) students;
and weight-related behaviours and HRQoL of Grade 4
and 6 students were collected by self-report question-
naire [28]. Measures were taken in 2015, 2017 and 2019
(only data from 2015 and 2019 are included in this
study). All data were collected at the school, during
school time.
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Variables
Socio-economic position (SEP)
The Index of Community Socio-Educational Advantage
(ICSEA) scores for each school were used as an indicator
of SEP. Scores were obtained from the Australian Cur-
riculum, Assessment and Reporting Authority ‘My
School’ website [29]. Scores are based on a combination
of individual student factors (parental occupation and
parental income) and school-based factors (geographic
location of the school and proportion of Indigenous stu-
dents). This score gives an overall indication of the
school community’s relative SEP, with a national median
value of 1000. ICSEA scores were dichotomised, categor-
ising school as high (ICSEA ≥1000) or low (ICSEA <
1000) SEP [29].
Weight status: Height and weight of Grade 2, 4 and 6

students were measured by trained staff according to a
standardised protocol [28]. Weight was measured to the
nearest 0.05 kg and height to the nearest 0.1 cm. Mea-
surements were taken twice and if they differed by more
than 0.5 cm or 0.1 kg, a third measurement was taken.
The average of height and weight measures was used to
calculate body mass index z-scores (BMI-z) based on the
WHO Child Growth Reference [30]. Weight status was
categorised using the WHO recommended cut-offs;
overweight: + 1 < BMI-z < + 2, obese: BMI-z > + 2 [30].

Demographics
Data on gender and age were collected for Year 2 stu-
dents. Year 4 and 6 students were guided through ques-
tionnaires by trained staff, using tablet computers to
record their answers. Students reported gender, date of
birth, language usually spoken at home, Aboriginal and/
or Torres Strait Islander background, residential post-
code, and country of birth.

Physical activity behaviours
The Core Indicators and Measures of Youth Health –
Physical Activity & Sedentary Behaviour Module ques-
tionnaire [31] was used to assess PA and sedentary be-
haviour and active transport. During the study time, the
Australian Physical Activity guidelines were replaced
with the 24 h movement guidelines [32], however the
recommendations for PA and sedentary time did not
change. Physical activity guideline adherence was defined
as children participating in at least 60 min of moderate
to vigorous physical activity (MVPA) on 5 or more days
a week (yes/no). Adherence to the sedentary behaviour
guidelines was defined as 2 h or less of sedentary screen
time outside of school hours on 5 or more days a week
(yes/no). Active transport was dichotomized as using an
active form of transport to or from school (walking, cyc-
ling, public bus or other active) or no active form of
transport (car, school bus or other inactive).

Dietary Behaviours
The Simple Dietary Questionnaire [33], which is based
on the Australian Dietary Guidelines [34], was used to
assess dietary behaviours. Included items were weekly
consumption of fruit and vegetables, SSB, takeaway food,
packaged snacks and water. Children were classified as
meeting, or not meeting fruit and vegetable intake
guidelines (fruit ≥2 serves a day; vegetables ≥5 serves a
day, or ≥ 5.5 serves for boys 12-18 years [34]). SSB con-
sumption and packaged snacks were dichotomised into
‘one or less per day’ or ‘more than one per day’, take-
away meals were dichotomised as ‘one or less per week’
or ‘two or more per week’. Water was classified as ‘less
than five glasses (250ml) per day’ or ‘five or more glasses
per day’ based on the recommendations for children 9–
13 years of age [35].

Health-related quality of life
Health related quality of life was assessed using the
23-item Paediatric Quality of Life Inventory 4.0
(PedsQL) [36]. The PedsQL comprises 4 domains:
physical functioning (8 items), emotional functioning
(5 items), social functioning (5 items) and school
functioning (5 items). From these domains, three
scores are calculated; physical functioning, psycho-
social (emotional, social and school functioning) and
global (combining all domains) [36]. Scores range on
a scale of 0–100, with higher scores representing
higher HRQoL. A change of 4.5 points in the PedsQL
global score is considered the minimum clinically im-
portant difference [36].

Statistical analysis
Repeat cross-sectional data from 2015 and 2019 were in-
cluded in the analysis. Analysis was conducted on an
intention-to-treat basis. All children in Grades 2, 4 and
6 who had valid height and weight measurements were
included for the weight status outcomes, and Grade 4
and 6 students with valid questionnaire responses were
included for the weight-related behaviours and HRQoL
surveys. A p-value of < 0.05 was considered significant in
all analyses.
All analyses are presented stratified by SEP (low/high).

Linear mixed models were used to measure the interven-
tion effect on continuous outcomes (BMI-z, HRQoL
scores), with school as a random effect to adjust for clus-
tering. Generalised estimating equations were used for
binary outcomes. All models included trial arm (inter-
vention/control), timepoint, SEP (low/high) and the two
and three-way interaction terms between group, time-
point and SEP. Models also included gender, age and
school type (Government, Independent or Catholic) to
adjust for potential confounding. For each outcome, we
report a) the estimate mean (continuous outcomes) or
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prevalence (binary outcomes) by timepoint, trial group
and SEP level; b) the estimated change between 2019
and 2015 within trial group and SEP level; c) the esti-
mated intervention effect within SEP level; and d) the
estimated modification of effect by SEP, alongside
with the correspondent 95% confidence intervals (CI).
All analyses were conducted in Stata SE version 15.0
[37].
Supplementary analysis, using the same approach

outlined above, was undertaken including a four way
interaction term between group, timepoint, SEP and
gender as gender differences had been found for a
number of variables in the overall WHO STOPS
analysis [20].

Results
There were 1790 students included in the 2015 sample
and 2137 students in the 2019 sample. Student demo-
graphics in 2015 and 2019, stratified by intervention
condition (intervention/control) and SEP (high/low), are
shown in Table 1. Low SEP students dominated the
sample in both control (77%) and intervention (75%)
groups in 2015, but were more evenly spread in 2019,
with 56% low SEP in control, 52% low SEP in
intervention.

2015 Results
The 2015 results (Table 2) show no differences in weight
status. For behaviours, within control communities,
there was a higher prevalence of students meeting PA
and fruit guidelines, having less than one takeaway per
week, and one or less packaged snack and SSB per day
among students attending high SEP schools (herein re-
ferred to as ‘high SEP students’) compared to students
attending low SEP schools (herein referred to as ‘low
SEP students’). In intervention communities, there was a
lower level of SSB consumption in high SEP compared
to low SEP students.

Intervention effects
Weight outcomes
There was no intervention effect for weight outcomes
(BMI z-score or prevalence overweight/obese) for high
or low SEP students between 2015 and 2019 (Table 2
and supplementary Fig. 1a).

Weight-related behaviours
SEP modified the effect of the intervention on the preva-
lence of students meeting PA guidelines, with no effect
of the intervention in students attending low SEP
schools (− 1.4, 95%CI -10.9, 8.1) and a positive effect on
students attending high SEP schools (+ 21.1; 95% CI 6.5,
35.7). The difference in effect between students attend-
ing high and low SEP schools was 22.5 (95%CI 5.1, 39.9)
percentage points (last column, Table 2). Further ana-
lysis (Supplementary Table 1) show that the PA results
are primarily attributable to girls. The difference in effect
between girls attending high and low SEP schools was
30.4 (95% CI 7.2, 53.5) percentage points, primarily
driven by a 19.8 (95%CI 0.4, 39.3) increase in girls from
high SEP schools in intervention communities.
The intervention had a different effect on the preva-

lence of student using active transport to or from school
for the two SEP strata. The effect was positive for low
SEP students and negative for high SEP students. Al-
though within strata the intervention effect was not sig-
nificant, the difference in intervention effect between
SEP groups was significant, with a − 20.8 (95%CI -38.6,
− 3.0) percentage point difference.
There was a significant intervention effect on the

prevalence of consuming one or fewer takeaway meals
per week for high SEP students (8.5%; (95% CI 1.50,
15.6)). This was primarily driven by a decreased preva-
lence of students who consumed one or fewer takeaway
meals per week (therefore increased consumption) in
control communities (− 5.8 (95% CI -10.5, − 1.1). For
low SEP students, there was no significant intervention
effect for takeaway food consumption. The difference in

Table 1 2015 and 2019 demographics stratified by intervention group and SEP

Intervention Control Total

Low SEP High SEP Low SEP High SEP

2015

n (% of total) 726 (40.6%) 244 (13.6%) 635 (35.5%) 185 (10.3%) 1790

Age mean (sd) 9.7 (1.7) 9.6 (1.7) 9.8 (1.6) 10.0 (1.6) 9.7 (1.7)

Female (%) 48.5% 48.4% 51.0% 48.9% 48.9%

2019

n (% of total) 456 (21.3%) 422 (19.7%) 708 (33.1%) 551 (25.8%) 2137

Age mean (sd) 9.8 (1.7) 9.9 (1.7) 9.8 (1.7) 9.9 (1.7) 9.9 (1.7)

Female (%) 45.8% 50.2% 45.3% 46.8% 46.8%

SEP: Socio-Economic Position; sd: standard deviation.
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the intervention effect on takeaway consumption be-
tween low and high SEP children was not significant.
Similarly, there was a significant intervention effect on

the prevalence of consuming one or fewer packaged
snacks per day for high SEP students (11.3% (95% CI
0.5, 22.0)), driven by reduced consumption in interven-
tion students and increased consumption in control stu-
dents (both non-significant within group). There was no
intervention effect in low SEP students and no signifi-
cant effect modification by SEP.
There was no intervention effect for high or low SEP

students, or effect modification for meeting sedentary
behaviour guidelines, meeting fruit or vegetable guide-
lines, water and SSB consumption (Supplementary
Fig. 1b).

Health-related quality of life
There was a significant intervention effect for high SEP
students for the PedsQL psychosocial score (5.2 (95%
0.4, 10.0)) and global score (4.9 (95%CI 0.6, 9.2)). Both
outcomes were a result of a reduction in scores for con-
trol students and maintenance of scores in the interven-
tion students. In low SEP schools, the intervention
showed positive but not significant effects on PedsQL
scores, with no significant effect modification for any of
the PedsQL domains. Additional analysis (Supplemen-
tary Table 1) showed significant effect modification for
the PedsQL global score for boys (7.1 (95% CI 0.1,
14.1)). This was primarily due to a 5.6 point (95% CI
-9.8, − 1.3) reduction in the score for high SEP boys in
control communities.

Gender differences
The stratified analysis by SEP and gender did not show
significant differences between boys and girls in the pat-
tern of effect modification by SEP (Supplementary
Table 1).

Discussion
This study analysed the results of a large systems-based
CBI conducted in a regional area of Australia according
to school-level SEP. Although not adequately powered
to detect SEP differences, there were a number of signifi-
cant findings in this hypothesis generating study. Over-
all, we did not observe any impact of the intervention on
weight-related outcomes (BMI-z or proportion over-
weight/obesity), and this result did not vary for children
attending schools classified as high or low SEP. The
intervention had positive effects on PA levels among
high SEP students only. HRQoL outcomes declined in
control communities, while there was no change in
intervention communities, with no difference in out-
comes between high and low SEP students. To our
knowledge, this is the first study to conduct an in-depth

analysis of weight, weight-related behaviours and
HRQoL outcomes of a systems-based CBI approach to
childhood obesity according to SEP.
The WHO STOPS intervention did not result in a

significant impact on weight outcomes in the overall
2015–2019 timeframe, and this result did not vary by
school SEP. This result is in contrast to other CBIs
[21, 22]. An Australian based CBI study (Be Active
Eat Well) [22], and a US based CBI (Shape Up Som-
erville) [21] both focussed on a single community and
found positive overall intervention effects on BMI-z.
Interventions had a greater impact for low compared
to high SEP students in the Be Active Eat Well study,
while there was no difference according to SEP in
Shape Up Somerville.
There are a number of possible reasons for the dif-

fering outcomes between these two studies and the
WHO STOPS results. In regards to the overall ef-
fectiveness, both Be Active Eat Well [22] and Shape
Up Somerville [21] focussed on a single community,
whereas WHO STOPS included five intervention
communities across a large geographical area, with
the intervention actions, and degree of engagement
varying between communities. Additionally, WHO
STOPS was evaluated over four years, while Be
Active Eat Well [22] and Shape Up Somerville [21]
were conducted over one and two years respectively.
Different SEP measures were also used. Be Active
Eat Well included individual and area-level SEP mea-
sures, and Shape Up Somerville included individual
measures, while WHO STOPS used a school-level
SEP measure.
Additional analysis of the interventions within CBIs

may also assist in identifying elements that could drive
differential outcomes by SEP. Intervention strategies can
be considered on a spectrum from agentic to structural,
with varying implications for health equity [38]. Agentic
interventions can be classified as those that target indi-
vidual (or agent) behaviour change, while structural in-
terventions are aimed at changing the policy, social,
fiscal and physical environments in which unhealthy be-
haviours occur [38]. Evidence indicates that agentic in-
terventions may exacerbate inequalities in health, as
those with greater social and economic resources have
more opportunities and ability to follow health advice
[39]. At the other end of the spectrum, structural inter-
ventions, are more likely to reduce health inequalities,
particularly when delivered at a community level [40–
42] because agentic barriers to access, like cost, educa-
tion and income level are not determining outcomes.
While difficult to quantify, differing ratios of structural,
agentic and agento-structural actions within the inter-
vention communities may contribute to varying out-
comes of CBI projects.
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Historically, CBI studies aimed at childhood obesity
have not routinely reported on behavioural outcomes ac-
cording to SEP, despite including such behavioural com-
ponents in their interventions [21, 22, 43, 44]. This
highlights a potential gap in our understanding of how
these interventions may impact differentially on weight-
related behaviours, and thus impact weight status, ac-
cording to SEP. Evaluating only weight outcomes by SEP
may miss positive interim shorter term changes, such as
improved dietary or PA behaviours, which may contrib-
ute to longer term improvement in weight status, as well
as achieving other benefits associated with healthier
behaviours.
The PA results of this study showed high SEP students

benefitting to a greater extent from the intervention
compared to low SEP students. This result may be pri-
marily driven by girls, although this result should be
interpreted with caution given the small sample once
multiple stratifications were applied. The overall PA re-
sults may be due to a variety of factors. While the study
intentionally took a community wide approach, there
was not a particular emphasis on engaging lower SEP
community members in the process of designing and/or
implementing actions. Therefore, lower SEP perspectives
may not have been adequately represented in the design
and implementation of the actions, leading to more lim-
ited impact on low SEP students. The WHO STOPS
intervention actions included community running
groups, drop-off zones around schools, walking school
buses and bike safety lessons. Such interventions require
relatively high levels of agency and in some cases finan-
cial resources (e.g. bike safety lessons), that may favour
children from higher SEP backgrounds. The one other
CBI that did analyse PA outcomes by SEP, the Healthy
Living Cambridge Kids study in the US, included a greater
degree of structural change aimed at increasing PA levels,
including school-based interventions such as increasing
compulsory school PA. That study found equal improve-
ments in fitness levels across SEP groups [18].
The dietary results show that those students attending

high SEP schools had healthier dietary behaviours overall
in regards to fruit, SSB and takeaway consumption at
baseline. Over the intervention period, in high SEP stu-
dents, takeaway and packaged snack consumption in-
creased in control communities while declining in
intervention communities. However, the intervention ef-
fect was not significantly different between high and low
SEP students. Other CBI studies that have presented
SEP results have not included takeaway or packaged
snack consumption outcomes, however an Australian
school-based obesity prevention program found no
changes in takeaway consumption over 3 years in control
or intervention schools [45]. Australian studies using
area-level [46] and individual-level [47] SEP measures

show greater takeaway consumption for low compared
to high SEP children. There are a number of potential
reasons for our results. The food retail environment in
these communities is unknown, with any changes over
this time (e.g. opening of new takeaway outlets in con-
trol communities) potentially impacting behaviours [48,
49]. Like the PA results, intervention efforts may have
inadvertently been more beneficial to high SEP students.
The overall HRQoL results show students in the inter-

vention communities maintained their wellbeing, while
there were significant declines in control communities
across both SEP strata. While the magnitude of the
intervention effect is considered clinically significant (>
4.5 points) [36], we did not observe a significant differ-
ence in intervention effect between high and low SEP
students for any of the three HRQoL domains. However,
stratification by gender did show a difference in inter-
vention effect for the global score in boys, primarily due
to a reduction in scores in boys attending high SEP
schools in control communities. Few other obesity fo-
cussed CBIs have considered HRQoL outcomes, and
those that have [45], did not present findings according
to SEP. A meta-analysis including 11 school-level inter-
vention studies focussing on the impact of PA interven-
tions found no overall change in HRQoL outcomes [50],
however, these were also not presented according to SEP
measures.
There are a number of strengths of this study. These

include being one of the first cluster-randomised trials
taking a systems approach to obesity prevention, as has
been recommended by the latest Cochrane Review on
childhood obesity intervention studies [16]. The rela-
tively long four-year follow-up period and the use of ob-
jective anthropometric measures taken by trained
researchers and health professionals, add strength to the
study. The use of a passive, opt-out recruitment ap-
proach resulted in high participation rates and is import-
ant for the SEP analysis given the known association
between SEP and non-participation bias in studies using
active consent processes [51, 52]. A further strength of
this study is analysis of all outcomes by SEP, with this
element being absent in a majority of childhood obesity
CBI studies.
This study also had a number of limitations. The main

limitation is that it was not adequately powered, with
sufficient sample sizes, to detect differences between
SEP strata. Therefore, we cannot know if a lack of inter-
vention effect within SEP strata represents a true null ef-
fect of the intervention or an inability to detect
significant impacts. Nevertheless, the importance of ana-
lyses of sub-group differences, which are rarely ad-
equately powered, is outlined by Petticrew et al. [53].
These authors suggest ensuring such sub-group analyses
are theoretically sound, based on previous studies and
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include interaction tests, both aspects incorporated into
this current study. Further, Sun et al. [54] recommend
consideration of sub-group results from a ‘plausibility’
perspective. The results from this study would be con-
sidered plausible.
Using a repeat cross-sectional study design, rather

than a longitudinal approach, may be considered a fur-
ther limitation. However, the design of the WHO
STOPS study was based on a monitoring strategy,
whereby all schools in the participating LGAs were in-
vited to take part at each wave [19]. As a result, not all
the same schools participated in the 2015 and 2019 data
collection waves, limiting the opportunity for longitu-
dinal analysis. Additionally, as only year 2, 4 and 6 stu-
dents participated in the data collection, and year 2
students did not complete the behavioural question-
naires, longitudinal change in the behavioural and
HRQoL outcomes between 2015 and 2019 would not
have been available.
SEP analysis at the school level does not allow for ex-

ploration of individual SEP factors, which have been
shown to be associated with SEP gradients of childhood
obesity [2, 55], nor does it allow for investigation of
socio-economic variation within schools. However, with
the school-based data collection, acquiring this level of
information from children (e.g. parental education,
household income) would not be feasible. Another com-
monly used measure of SEP in Australia is an area-level
measure based on residential postcode data [56], how-
ever this indicator is insufficient in this regional commu-
nity. As an example, one participating regional town is
covered by a single postcode, however, six schools par-
ticipated. When using ICSEA, these six schools were
broken down into two high SEP and four low SEP
schools, giving greater granularity than would be pos-
sible using a postcode-level measure. Given the commu-
nity level of intervention, measuring the SEP of the
school, which takes into consideration both student and
school level factors, may provide a more complete pic-
ture of the environment that the students are exposed
to. We may have also lost some power by using a dichot-
omous SEP indicator (rather than a continuous meas-
ure), however, our approach allows for ease of
understanding and interpretation, particularly in regards
to the development of public health recommendations.
Due to the nature of cluster-randomised control trials,

and the bordering of control and intervention communi-
ties, we cannot know the potential for intervention ef-
fects to spread into neighbouring communities. Given
the large geographical spread of communities in this
study region, diffusion of the interventions into the con-
trol areas may be less of an issue than would be ex-
pected in urban areas. The use of self-report measures
of PA and dietary behaviours included in this study may

be subject to recall bias [57] and this bias could be sys-
tematically different between students attending high
and low SEP schools. We have aimed to reduce this risk
by using questionnaires that have been shown to be reli-
able in children of this age [31, 33], however future re-
search with objectively measured PA, using for example
accelerometry, would add strength to such research.

Conclusion
These results indicate that the intervention did have
equal impacts on HRQoL outcomes, however the im-
pacts on several weight-related behaviours varied by
SEP. These findings support the need to develop CBIs
with an explicit equity lens by including a greater degree
of structural change and ensuring inclusion of lower SEP
perspectives in planning and implementation of inter-
ventions. Analysis of weight-related behaviours and
HRQoL, as well as weight outcomes from an equity per-
spective, with larger sample sizes, is warranted to assess
the impacts of CBI studies across socio-economic
groups. This will contribute to the current knowledge
on the most equitable way to prevent childhood obesity.
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