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Abstract 

Background Governments internationally have invested hugely in the implementation and scale‑up of school‑
based physical activity interventions, but have little evidence of how to best sustain these interventions once active 
implementation support ceases. This study will assess the effectiveness of a multi‑strategy sustainability intervention 
on classroom teachers’ sustainment of energisers (short 3–5 min physical activity breaks during class‑time) scheduled 
across the school day from baseline to 12 and 24‑month follow‑up.

Methods A cluster randomised controlled trial will be conducted in 50 primary schools within the Hunter New Eng‑
land, Illawarra Shoalhaven, Murrumbidgee and Northern New South Wales (NSW) Local Health Districts of NSW Aus‑
tralia. Schools will be randomly allocated to receive either usual support or the multi‑strategy sustainability interven‑
tion that includes: centralised technical assistance from a trained project officer; formal commitment and mandated 
change obtained from school principals; training in‑school champions; reminders for teachers; educational materials 
provided to teachers; capturing and sharing local knowledge; and engagement of parents, carers and the wider 
school community. The primary trial outcome will be measured via a teacher logbook to determine the between‑
group difference in the change in mean minutes of energisers scheduled across the school day at 12 and 24‑month 
follow‑up compared to baseline. Analyses will be performed using an intention to treat framework. Linear mixed 
models will be used to assess intervention effects on the primary outcome at both follow‑up periods.
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Discussion This study will be one of the first randomised controlled trials to examine the impact of a multi‑strategy 
sustainability intervention to support schools’ sustainment of a physical activity intervention. The proposed research 
will generate new evidence needed for the partnering organisations to protect their considerable investments to date 
in physical activity promotion in this setting and will provide seminal evidence for the field globally.

Trial registration ACTRN12620000372987 version 1 registered  17th March 2020. Version 3 (current version) updated 
 4th August 2023.

Keywords Sustainability, Sustainment, Implementation science, School policy, Physical activity, Energiser, Schools

Introduction
To support children to meet daily physical activ-
ity guidelines the World Health Organization (WHO) 
has recommended schools implement physical activ-
ity policies that promote and enable children’s regular 
physical activity throughout the day [1, 2]. Accordingly, 
many countries have developed policies or guidelines 
mandating the minimum amount of physical activity 
schools are to provide students each week. For exam-
ple, the United Kingdom [3] and parts of Canada [4] 
and the United States [5] require schools to schedule 
between 120–150 min per week weekly physical activ-
ity. In New South Wales (NSW), Australia, the Depart-
ment of Education (DoE) requires schools to schedule 
at least 150  min of planned moderate, with some vig-
orous, physical activity across the school week for stu-
dents in Kindergarten to Grade 10 [6]. This can include 
time scheduled for physical education (PE), sport or 
other structured activities including integrated lessons 
and “energisers” (i.e., short 3–5  min physical activity 
breaks during class-time) [6]. Despite the existence of 
these policies, international research suggests that only 
30% of schools routinely implement them [7–13].

The application of implementation science methods 
has led to significant improvements in schools’ imple-
mentation of physical activity interventions [14]. For 
example, a 2022 Cochrane review of six randomised 
controlled trials (RCTs) aimed at assessing the effec-
tiveness of strategies to enhance the implementation 
of school physical activity policies and practices found 
significant improvements in intervention schools rela-
tive to control (standardised mean difference 1.53, 
95% CI: 0.78 to 2.28,  I2 = 85.6%) [14]. Among these, 
a model of implementation support, developed by 
our research team, has been found to be effective at 
increasing schools’ implementation of the NSW school 
physical activity policy [6]. The multi-strategy imple-
mentation intervention (Physically Active Children in 
Education (PACE)) has demonstrated, across a series 
of RCTs, to increase teachers’ scheduling of physical 
activity by 36–44 min per week [13, 15, 16]. Across all 
studies, teacher’ scheduling of energisers was consist-
ently found to be driving the intervention effect, with 

increases of approximately 23 min of energisers sched-
uled each week and contributing to 52–70% of the 
increase in overall weekly physical activity scheduled 
[13, 15, 16].

Maximising the benefits and health impact of these 
school physical activity interventions requires their 
sustained implementation. Sustainability is defined as: 
“after a defined period of time, a program, clinical inter-
vention, and/or implementation strategies continue to 
be delivered and/or individual behaviour change (i.e., 
clinician, patient) is maintained; the program and indi-
vidual behaviour change may evolve or adapt while con-
tinuing to produce benefits for individuals/systems” [17]. 
Achieving sustainability is however a considerable chal-
lenge. A comprehensive review of 125 empirical studies 
of public health interventions reported less than 23% 
of programs were sustained at least two years following 
initial implementation [18]. Specifically within schools, 
a recent review of the sustainability of health behaviour 
interventions found that of the 18 included school-based 
interventions, none were sustained in their entirety fol-
lowing withdrawal of initial implementation support 
[19]. Of concern, reviews suggest that when programs are 
not sustained, prevalence typically reverts to pre-inter-
vention levels (or below) [20] and can adversely impact 
stakeholder trust and willingness to engage in future ini-
tiatives [18, 21].

Schools face a number of barriers to sustaining health 
promoting interventions [19, 22, 23]. For example, a 
recent review of the determinants of schools’ sustain-
ment of chronic disease prevention interventions found 
that the most frequent barriers include: the availability 
of funding, equipment, resources and facilities, contin-
ued executive or leadership support, staff turnover and 
workforce shortages, competing priorities, perceived 
program effectiveness or benefit and adaptability of 
the intervention [23]. There is however, little evidence 
of the most effective strategies to support schools to 
overcome these barriers and sustain their implementa-
tion of health promoting interventions [24]. Systematic 
reviews in school and childcare settings conducted by 
the research team have failed to identify any interven-
tions to achieve sustained program implementation 
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of interventions to promote physical activity or other 
health behaviours [25]. Furthermore, whilst a number 
of theoretical frameworks for sustainability exist [26, 
27], their capacity to effectively support sustained pro-
gram implementation remains largely untested [21]. As 
a result, policy makers and practitioners responsible for 
the promotion of physical activity in schools lack evi-
dence to support sustainment of evidence-based inter-
ventions (EBI). Therefore, the primary aim of this trial 
is to assess the effectiveness of a multi-strategy sustain-
ability intervention on classroom teacher sustainment 
of minutes of energisers scheduled across the school 
day from baseline to 12- and 24-month follow-up.

Methods
Trial registration and ethical approval
This study will be employed using a National Health 
and Medical Research Council (NHMRC) Partner-
ship grant and coordinated by Hunter New England 
(HNE) Population Health staff and University of New-
castle researchers. It was prospectively registered with 
the Australian New Zealand Clinical Trials Registry 
(ACTRN12620000372987 – registered 17th March 
2020) and has Human Research Ethics approval from 
HNE Human Research Ethics Committee (no. 2019/
ETH12353), the University of Newcastle Human 
Research Ethics Committee (no. H-2008–0343), NSW 
Department of Education (no. 2017184) and the rel-
evant Catholic Schools Offices. The study methods 
will be reported in accordance with the Consolidated 
Standards of Reporting Trials (CONSORT) statement 

for cluster RCTs [28], and the Standards for Report-
ing Implementation Studies (StaRI) statement [29]. See 
Supplementary file 1 for the completed Standard Pro-
tocol Items: Recommendations for Intervention Tri-
als (SPIRIT) checklist.

Design and setting
This study will employ a parallel group cluster RCT 
design. Classroom teachers from primary schools within 
the HNE, Illawarra Shoalhaven, Murrumbidgee and 
Northern NSW Local Health Districts (LHDs), of NSW 
Australia that have recently (within the last 12  months) 
received the PACE implementation strategy will be 
invited to participate. Consenting schools will be ran-
domised to receive a multi-strategy sustainability inter-
vention to support the continued implementation of 
energisers across the school day; or usual care. The trial 
will assess between-group differences in the average 
change in mean daily minutes of energisers implemented, 
with data collected at baseline (November 2022 to Octo-
ber 2023), 12 months post-baseline immediately follow-
ing the delivery of the sustainability strategy (November 
2023 to October 2024) and 24-months post-baseline 
(November 2024 to October 2025) (see Table  1 for a 
detailed trial timeline).

Participants and recruitment
Schools: Eligible schools will include all government, 
Catholic and independent (private) primary schools 
that have received Physically Active Children in Educa-
tion (PACE) training to support their implementation of 
weekly physical activity, including energisers. Schools 

Table 1 Timeline of school enrolment, data collection and intervention delivery
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will be excluded if they are participating in another phys-
ical activity intervention or cater exclusively for children 
with special needs. Principals from eligible schools will 
be provided with a study information package and asked 
to provide online written informed consent.

Teachers: All classroom teachers from eligible and con-
senting schools will be randomised to receive the sustain-
ability strategy and an invitation to participate in data 
collection. Strategies will be employed to ensure high 
recruitment rates are achieved, including delivering a 
series of two follow-up emails and a phone call reminder 
to schools [30]. To maximise principal and teacher sur-
vey participation rates, evidence-based strategies will 
be delivered, including sending two email reminders to 
teachers (one week apart) and one follow-up phone call 
reminder to In-school Champions (ISCs) to complete 
the survey, as well as distribution of a AUD$30 online 
gift card from a national grocery store for each principal 
and teacher who completes a survey in gratitude for their 
time. To maximise the retention of schools over the study 
period, strategies will be enacted including the delivery 
of non-program resources (including a pen, post-it note-
pad, and stickers for each class), to each teacher during 
data collection, as well as a letter of appreciation from 
the project team outlining the broad positive impact of 
their participation [31–33]. Previous studies conducted 
by the research team utilising such strategies have yielded 
school and or teacher participation rates of > 80% and 
attrition of < 20% [13, 34, 35].

Randomisation and blinding
An independent statistician will use a computerised ran-
dom number function to randomise schools in a 1:1 ratio 
to either an intervention or control group. Randomi-
sation will occur following consent and baseline data 
collection to reduce the risk of selection bias. Block ran-
domisation will ensure group allocation is approximately 
equal. Allocation will not be stratified by any school-level 
factor given a lack of clear prognostic factors for the sus-
tainability of physical activity implemented in schools 
[36, 37]. However, schools will be stratified by time 
(school phase) and by LHD (jurisdiction) to ensure the 
allocation across each LHD is approximately equal. Due 
to the nature and delivery of the intervention, school staff 
and program delivery staff will become aware of school 
group allocation. Data analysts will be blinded.

Intervention group: Multi‑strategy sustainability 
intervention
The 12-month multi-strategy sustainability intervention 
was co-developed with a trial Advisory Group consist-
ing of health and education policy makers, health pro-
motion practitioners, teachers, physical activity experts, 

implementation and behavioural scientists, education 
and public health practitioners. The development pro-
cess was guided by formative evaluation undertaken by 
the research team to identify determinants to sustaining 
school based physical activity interventions generally and 
energisers specifically. Specifically this involved: i) system-
atic review evidence of sustainability determinants within 
the school setting [23]; ii) quantitative surveys with 240 
classroom teachers assessing factors associated with local 
sustainability of weekly physical activity implementation 
using the adapted Program Sustainability Assessment 
Tool [37, 38]; and iii) qualitative research from our previ-
ous implementation trials (school-based observations by 
program delivery personnel, and interviews, and surveys 
of school staff [13, 39]. Utilising this evidence, identified 
barriers were mapped to the Integrated Sustainability 
Framework [21]. This empirically informed sustainability-
determinants framework was developed for application in 
the field of public health to identify and synthesise multi-
level factors previously found to influence the sustainabil-
ity of EBIs across a range of community settings, including 
schools [21]. Barriers were also mapped to the Behaviour 
Change Wheel (BCW) [40] and Theoretical Domains 
Framework (TDF) [41] to ensure: i) consideration of a 
comprehensive assessment of factors (i.e., capabilities, 
opportunities and motivation) impacting on an individu-
al’s behaviour; and ii) identification of modifiable factors 
and potential behaviour change techniques that may be 
utilised to influence or enact the desired behaviour of an 
individual to sustain practice change. Potential sustain-
ability strategies and behaviour change techniques were 
then identified using the recommended process described 
by Michie et  al. [40] and, in consultation with members 
of the Advisory Group, assessed against the APEASE cri-
teria [42] for their Affordability, Practicality, Effectiveness 
and cost effectiveness, Acceptability, Side-effects/safety 
and Equity. Finally, strategies were aligned to the sustain-
ment-explicit Expert Recommendations for Implement-
ing Change (ERIC) glossary [43], to ensure consistency 
in nomenclature, definitions and use of strategies. Table 2 
includes a detailed description of each of the sustainability 
strategies using the sustainment-explicit ERIC Glossary 
[43] and how the delivery of each strategy will be opera-
tionalised according to the Action, Actor, Context, Target, 
Time AACTT) framework [44]; and shows how strategies 
were mapped against the Integrated Sustainability Frame-
work, BCW and TDF to address barriers and behaviours 
to sustaining teacher’s daily scheduling of energisers.

Control group and contamination
The delivery of all intervention components will be under 
the control of the research team and will not be provided 
to control group schools during the intervention period. 
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Schools in the control group will receive ‘usual’ (reactive) 
support which is provided to schools as part of existing 
service delivery within the respective LHD. This involves 
the provision of information and resources specific to the 
PACE program on the existing online portal and includes 
factsheets, example policies, and templates not related 
to sustainability. According to evidence and theory [45], 
such strategies do not address the primary obstacles to 
sustainability, thus any impact on the primary trial out-
come is likely to be minimal. Nonetheless, data regarding 
schools’ exposure to potential sources of contamination 
(or co-intervention) will be assessed via items included 
in teacher and principal follow-up surveys – if evident, 
potential effects on outcomes will be explored via sensi-
tivity analyses.

Data collection and management
Principal and teacher data will be obtained through 
self-report surveys. These will be administered as a pen-
and-paper version or using the Hunter New England 
Population Health (HNEPH) instance of the online data 
capture tool Research Electronic Data Capture (REDCap) 
[46, 47], depending on their preference. Management of 
trial data will be in accordance with a data management 
protocol, which has been developed and approved by the 
Advisory Group. Data will be stored securely as per the 
requirements of the HNE Human Research Ethics Com-
mittee and The University of Newcastle Human Research 
Ethics Committee. Data will only be accessible to pri-
mary researchers and statisticians. Confidential partici-
pant data will be stored securely and not linked to survey 
responses.

Measures
All outcome measures will be collected at baseline, 12- 
and 24-months post-recruitment.

Primary trial outcome
Sustainment of mean minutes of daily energisers scheduled 
by classroom teachers over 12‑ and 24‑months
Given the scheduling of energisers consistently pos-
sessed the greatest impact on teachers overall sched-
uling of weekly physical activity in our previous 
implementation trials [13, 16], and thus increased the 
likelihood of achieving adherence of the NSW policy 
[6]; the primary trial outcome will be the between-
group difference in the change in mean minutes of 
energisers scheduled across the school day at 24 month 
follow-up compared to baseline [18]. Outcome data 
will also be collected at 12 months in order to describe 
attenuation patterns. Scheduled daily energisers for 
each class will be assessed via classroom teacher com-
pletion of a daily activity log-book for one full school 

week (5-days). At the end of each school day during 
the week of data collection, each teacher will complete 
a log of the time and occasions they planned physical 
activity for: energisers, PE, Sport or other structured 
activities e.g., integrated lessons. The use of teacher 
logbooks is frequently used in classroom-based obe-
sity prevention interventions, with high response rates 
(i.e. > 80%) [48, 49] and established reliability [50]. This 
outcome measure and data collection method has been 
used in our previous studies assessing teachers’ sched-
uling of classroom physical activity, with completion 
rates of ~ 88% [13, 16, 51], which is the premise for use 
in the current study.

Secondary trial outcomes
Sustainment of mean minutes of weekly physical activity (PE, 
sport and other structured activities) scheduled by classroom 
teachers over 12‑ and 24‑months
The difference in the change in mean minutes of over-
all physical activity and the individual components that 
make up overall physical activity, including sport and PE, 
and other planned activities (e.g., active lessons and ener-
gisers) implemented by classroom teachers across the 
school week, assessed via logbooks completed by teach-
ers at 12 and 24-month follow-up compared to baseline.

Difference in the change in proportion of school adherence 
to the 150 min physical activity policy from baseline to 12‑ 
and 24‑month follow‑up
The difference between groups in the change in propor-
tion of schools, from baseline to 12- and 24-month fol-
low-up adhering to the government policy of 150 min of 
scheduled classroom activity per week.

Sustainability determinants to teachers’ scheduling of daily 
energisers
To assist in understanding the determinants experienced 
and addressed in this trial we will assess the theoreti-
cal factors hypothesised to impact the sustainability of 
teacher implementation of energisers [21]. Specifically, 
principals and classroom teachers will complete newly 
developed measures theoretically informed by the Inte-
grated Sustainability Framework [21] to assess the 
determinants of sustaining school-based public health 
interventions at baseline, 12- and 24-months. Each 
measure was designed to assess the factors perceived by 
respective stakeholders (executive-level e.g., principal or 
executive staff member and implementer-level e.g., class-
room teacher) as influential to the sustainability of EBIs 
delivered in the school setting. Using a five-point scale 
(1 = not at all influential; 2 = slightly influential; 3 = mod-
erately influential; 4 = extremely influential; and 5 = not 
applicable to me), principals and teachers will be asked 
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to indicate how much the listed factors influence the 
delivery of daily energisers at their school. The 28-item 
executive scale to be completed by principals covers four 
framework domains and focuses on higher organisational 
and structural-level factors e.g., socio-political context, 
external funding, external partnerships. Whereas the 
42-item implementer scale to be completed by classroom 
teachers covers all five framework domains and examines 
factors more relevant to frontline intervention delivery 
e.g., motivation, capability, training, executive support, 
and available resources.

Implementation outcomes
To characterise sustainment, the measures recom-
mended by Proctor et  al. [52] of implementation out-
comes will also be assessed. This includes;

• Acceptability – The perceived acceptability of each 
sustainability support strategy will be assessed via a 
paper or online-based survey completed by princi-
pals and classroom teachers of intervention schools 
at 12 and 24-month follow-up using items from the 
validated Acceptability of Intervention Measure 
developed by Weiner et al. [53].

• Adoption – Based upon a previously developed tool 
from the research team [13, 54], at 12- and 24-month 
follow-up all intervention and control principals will 
be asked to report, via paper or online based survey, 
their school’s adoption for scheduling energisers each 
day (i.e., proportion of classes at each school schedul-
ing energisers each day).

• Appropriateness – The perceived appropriateness of 
each sustainability support strategy will be assessed 
via a paper or online-based survey completed by 
principals and classroom teachers of intervention 
schools at 12- and 24-month follow-up using items 
from the validated Intervention Appropriateness 
Measure developed by Weiner et al. [53].

• Feasibility – The perceived feasibility of each sustain-
ability support strategy will be assessed via a paper 
or online-based survey completed by principals and 
classroom teachers of intervention schools at 12- and 
24-month follow-up using items from the validated 
Feasibility of Intervention Measure developed by 
Weiner et al. [53].

• Fidelity – Project records as well as post-intervention 
questionnaires completed by intervention principals, 
ISC, and teachers will be used to determine the pro-
portion of schools that received and attended to each 
of the sustainability strategies.

• Strategy implementation cost – Defined as the cost 
impact of sustainability effort; see economic analysis 
section below.

• Penetration – This will be calculated, using schedul-
ing data from the teacher survey at 12- and 24-month 
follow-up, as the number of teachers who schedule 
daily energisers per school, divided by the total num-
ber of teachers expected to schedule daily energisers 
[52].

• Sustainability – See primary outcome section above.

Other measures
Economic analysis
A prospective economic analysis measuring the incre-
mental cost and outcomes of the sustainability strategies 
will be undertaken from adapted societal and health ser-
vice perspectives. Resource use for the intervention and 
usual practice will be prospectively identified and meas-
ured from project records (staff and consumables). Direct 
costs associated with the intervention are anticipated 
to include labour (sustainability support), and program 
materials. Systems to prospectively log and document 
costs were developed for our previous trials [13, 14, 39, 
51] and will be adapted to the proposed study. Incremen-
tal cost will be calculated as the difference between inter-
vention and usual care cost. The primary outcome for the 
economic analysis will align to the trial outcome, which 
is the between-group difference in the change in mean 
minutes of energisers scheduled across the school day 
at 24 months follow-up compared to baseline. A ‘within 
trial’ economic analysis will assess program value by 
comparing incremental costs and benefits at the school 
level across the study arms. Uncertainty intervals will 
be calculated for the mean incremental cost result and 
incremental cost effectiveness ratio using non-paramet-
ric bootstrapping. Resource use measurement will occur 
prospectively and continuously over the duration of the 
trial.

School characteristics and process data
Data regarding the operational characteristics of schools 
will be collected using a combination of surveys of the 
school website as well as survey items completed by 
school principals and classroom teachers that we have 
used in previous studies [13, 16]. Project officer records 
and survey items will be used to record delivery of sus-
tainability support strategies, and exposure of individual 
schools and teachers to such strategies. Data will be col-
lected, stored, and managed on the HNEPH server using 
REDCap [46, 47].

Statistical analysis
All analyses will be undertaken under an intention-to-
treat framework. Analyses of outcomes at 12-month fol-
low-up will provide evidence of any immediate impact 
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of the intervention. The 24-month follow-up will pro-
vide evidence of sustainment of energiser implementa-
tion and will represent the primary end-point. Teachers 
will be the unit of analysis. Between-group differences 
in the mean change in the primary outcome will be 
assessed at each time-point using linear mixed models. 
Models will include fixed effects for treatment group 
(intervention vs control), time (baseline, 12-month, and 
24-month follow-up), and a time-by-treatment group 
interaction term. A random level intercept for school 
will be included to account for the clustered design of 
the study. A random intercept for teacher nested within 
school will also be included to account for potential 
repeated measures by teachers. The linear mixed mod-
els will use all available data, assuming missing data is 
at random.

Sample size
We are aiming for a sample size of 40 schools (20 per 
arm). Assuming a comparator mean of 7.08 min of ener-
gisers scheduled daily, a standard deviation of 4.88, an 
average of five classes per school and an intraclass cor-
relation coefficient (ICC) of 0.11, based on our previous 
trial [13], a sample of 40 schools is sufficient to detect 
(with 80% power, an alpha of 0.05) a mean difference of 
approximately 2.38 min of daily energisers.

Research trial governance
This study has employed a research co-production 
approach in its design [55]. An external multi-disci-
plinary Advisory Group, consisting of 16 members 
including education policy makers, health promotion 
practitioners, Aboriginal Health Officers, as well as 
researchers with expertise in physical activity, implemen-
tation science, behavioural science, education and public 
health will oversee all aspects of the planning, implemen-
tation and evaluation of the project. A project team con-
sisting of research staff and practitioners will conduct the 
study according to study protocol. The Advisory Group 
will oversee the project dissemination plan including all 
publications and reports to stakeholders. Authorship will 
conform to the International Committee of Medical Jour-
nal Editors guidelines.

Trial discontinuation or modification
Our Advisory Group will convene once a quarter to 
ensure the study is abiding by the prescribed ethics and 
timeline. It is not anticipated that any events would occur 
that warrant discontinuing the trial. However, any unfore-
seen adverse events will be recorded and assessed by the 
trial Advisory Group and reported to the HNE Human 

Research Ethics Committee (primary approval commit-
tee), with advice sought regarding required action. The 
trial registration record will be updated with any protocol 
modifications, and any deviations from original protocol 
will be reported in study outcome papers.

Discussion
Physical inactivity is a leading cause of death and disabil-
ity in Australia and internationally [56, 57] and is identi-
fied as a priority health issue [1, 2]. Improving children’s 
activity levels is key to reducing the development of both 
short and long-term health burdens [58, 59]. School-
based physical activity policies effectively improve child 
physical activity levels [50, 60, 61]. However, sustaining 
their implementation remains a considerable challenge 
globally [18, 19]. In Australia alone, approaches to sustain 
the implementation of school-based policies that man-
date minimum periods for structured physical activity 
have the potential to improve the health, well-being and 
chronic disease risk of two million students [62]. This 
study is one of the first RCTs to test the effectiveness 
and efficiency of theoretically and empirically informed 
strategies to improve the sustainability of an EBI target-
ing a chronic disease risk factor in schools. The proposed 
trial will be seminal for the field, translate into funda-
mental outcomes in the knowledge base of sustainabil-
ity research, and provide a platform for future research 
examining the sustainability of effective EBIs in the 
school setting.
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