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ABSTRACT

Objectives To develop a core outcome set for physical activity interventions in primary

schools.

Design Modified-Delphi.

Setting UK and international.

Participants 104 participants from four stakeholder groups (educators, public health
professionals, health researchers, parents); 16 children (aged 8-9 years) from one London
primary school.

Interventions Physical activity interventions.

Methods A four-stage process: (1) outcomes extracted from relevant studies identified from
an umbrella review, and a focus group; (2) list of outcomes produced and domains
established; (3) stakeholders completed a 2-round Delphi survey by rating (Round 1) and re-
rating (Round 2) each outcome on a 9-point Likert scale from ‘not important’ to ‘critical’; a
>70% participant threshold identified the outcomes rated ‘critical’ to measure, and outcomes
important to children were identified through a workshop; (4) a stakeholder meeting to
achieve consensus of the outcomes to include in the core outcome set.

Results A list of 50 outcomes was produced and three domains established: ‘physical activity
and health’ (16 outcomes), ‘social and emotional health’ (22 outcomes), and ‘educational
performance’ (12 outcomes). 104 participants completed survey Round 1; 65 participants
(80% UK based) completed both rounds. Thirteen outcomes met the threshold; children
identified 8 outcomes. Fourteen outcomes achieved consensus to produce the core outcome
set; five outcomes for physical activity and health (diet [varied and balanced], energy,

fitness, intensity of physical activity, sleep [number of hours]); seven for social and emotional

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

46

47

48

49

50

51

52

53

54

55
56

57

BMJ Open

health (anxiety, depression, enjoyment, happiness, self-esteem, stress, wellbeing); and two
outcomes for educational performance (concentration, focus).

Conclusions We have developed the first core outcome set for physical activity interventions
in primary schools in consultation with those interested in the development and application of
an agreed standardised sets of outcomes. Future studies including these outcomes will
reduce heterogeneity across studies.

Registration Core Outcome Measures in Effectiveness Trials (COMET) Initiative: 1322.

Keywords Core outcome set, physical activity, interventions, primary schools, modified-

Delphi

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 4 of 49


http://bmjopen.bmj.com/

Page 5 of 49

oNOYTULT D WN =

58

59

60

61

62

63

64

65

66

BMJ Open

ARTICLE SUMMARY

Strengths and limitations of this study

o First core outcome set developed for physical activity interventions in primary schools

¢ Developed in consultation with participants from key stakeholder groups

o Uses robust methodology as recommended by the Core Outcome Measures in
Effectiveness in Trials (COMET) Initiative

¢ Unbalanced number of participants in each stakeholder group

¢ Low representation of international participants may limit the use to UK schools only
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INTRODUCTION

Increasing children’s physical activity is a global health goal given the vast evidence showing
benefits on physical, social, mental, and cognitive health outcomes.[1] Health behaviours
may become embedded in childhood; providing opportunities for children to engage in
physical activities during the primary school years, may lead to physically active lifestyles
and improved health during adolescence and adulthood.[2] Many governments support the
need for increased physical activity promotion in schools.[3] The World Health Organisation
(WHO) recommends that schools should organise and promote opportunities for children to
regularly participate in physical activities.[4]

Furthermore, school settings have the potential to reach all children across society[5, 6]
including those living in poverty, potentially contributing towards reducing the gap in physical

activity among children.[7, 8]

With the recommendation of physical activity promotion in schools, many physical activity
interventions are implemented in schools and are adopted globally. These interventions vary
in design; some integrate additional physical education classes alongside compulsory
physical education lessons,[9] some incorporate 10 minutes of physical activity into every
school day,[10] others implement classroom movement breaks[11] or active mile

interventions.[12, 13]

There is considerable evidence showing the benefits of physical activity interventions in
schools successfully increasing children’s fitness,[14-17] and reducing sedentary time[18,
19] There is also increasing evidence of improvements to children’s social, emotional, and

cognitive outcomes.[20-23] However, due to the heterogeneity of the outcomes assessed
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across studies, definitive conclusions are challenging.[20, 22] For example, to assess
children’s emotional health, one study may measure children’s ‘happiness’, whilst another
may measure ‘depression’. Both these outcomes are conceptually different and difficult to
compare. In 2013, a Cochrane review of 44 randomised control trials of physical activity
interventions in schools for children aged 6 to 18 years found considerable variations in the
outcomes measured, and the results could not be synthesised to establish intervention
effects.[24] The review was updated in 2021; the authors concluded that due to the
variability of results, heterogeneity and risk of bias across studies, the impacts of physical
activity interventions in schools have shown small effects. These interventions may show
small improvements to children’s physical fithess but have little or no impact on other

outcomes such as Body Mass Index.[25]

Synthesising results from studies are likely to be of interest to a number of key groups
including public health professionals, teachers, parents, health care researchers, and policy
makers. However, many of the outcomes measured in existing studies, although important to
measure, may vary in relevance to specific groups. For example, body mass index (BMI) is a
frequently measured outcome from which important conclusions have been identified.[26,
27] BMI may be considered highly important to health care practitioners but may not be
considered as important to teachers who may instead place higher importance on cognitive
outcomes. Lack of consultation with key groups when deciding which outcomes to measure
in studies limits the relevance of findings to specific groups and may has possibly led to

differences of outcomes measured across studies, thus preventing comparisons.
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A Core Outcome Set (COS) is an agreed set of standardised outcomes in a specific
research area that are recommended to measure and report.[28] These sets should be
developed in consultation with those who are interested in the development and application
of an agreed set of outcomes.[29] The COS should be viewed as a minimum to measure
and does not restrict additional outcomes of interest to be assessed. COS’s were originally
developed for clinical trials but are increasingly being used in other study designs, e.g., in
observational studies by practitioners and researchers to conduct their own assessments of
interventions.[28] To our knowledge, there is not a COS for physical activity interventions in
primary schools. Therefore the development of a COS (the aim of this study), would
contribute to this field of research by identifying the key outcomes to be studied, allowing for
evidence synthesis to better understand the impact of physical activity interventions in

schools on children’s health.

METHODS
Design

The protocol for this work has been published (Supplemental File 1);[30] it was developed in
accordance with the Core Outcome Measures in Effectiveness Trials (COMET) criteria.[29]
Our study was prospectively registered with COMET (registration number 1322).[31] We
used a modified-Delphi method consisting of four-stages to develop the COS (Figure 1).
First, we extracted outcomes from relevant studies identified through an umbrella review and
through a focus group with our Steering Committee (our Steering Committee includes health
professionals, health researchers, academics, and sports representatives from organisations
such as Sport England and The Daily Mile Foundation). Second, after de-duplication and
combining similar outcomes we created a long list and established domains determined by

the outcomes. Third, we recruited participants from four key stakeholder groups (educators,
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health researchers, public health professionals, and parents of children aged from 5 to 11
years) to complete a two-round Delphi survey. We also obtained children’s views of what is
important to them through a workshop. Fourth, we held a stakeholder meeting to achieve
consensus on the outcomes to be included in the COS. We report the study following the
Core Outcome Set—-STAndards for Reporting: The COS-STAR checklist (Supplemental File

2).[32]

Stage 1: Extraction of oufcomes

For the umbrella review, we searched six databases (MEDLINE, EMBASE, PsycINFO,
CINAHL, CENTRAL and the Cochrane Database of Systematic Reviews). Keywords used
for the search were ‘school’, ‘physical activity’, ‘exercise’, ‘physical education’, fithess’,
‘energy expenditure’ and adapted to use database specific filters, i.e., subject headings or
medical subject headings (MeSH). Reviews were limited to systematic reviews, meta-
analyses or meta-syntheses, and those published between 1990 and 2019. Single relevant
studies from these reviews were identified from which the outcomes extracted. We also held
a focus group with our Steering Committee and used a nominal group technique to
brainstorm outcomes and rate importance of them to extract further outcomes that may not
have been captured in our literature review.

Stage 2: List of outcomes and establishing domains

We removed duplicate outcomes and merged those that were closely related, for example,
outcomes of ‘light physical activity’, ‘moderate physical activity’, and ‘vigorous physical
activity’ were combined into ‘intensity of physical activity’, to create a long list of outcomes.
Definitions were generated for each outcome based on those provided by authors of the

relevant studies and discussions with our Steering Committee. Guided by the outcomes and
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definitions, we established relevant domains by grouping similar outcomes that captured a
broader concept.

Stage 3: Stakeholder recruitment, Delphi surveys and children’s workshop

The purpose of the Delphi surveys was to identify which outcomes, from the long list we
produced, were considered the most important to measure across key stakeholder groups.
Stakeholder recruitment

Through emails to our public health research and practitioner networks, and through
snowballing and social media, we recruited participants from four key stakeholder groups
(educators [teachers, head teachers, school governors], health researchers, public health
professionals, and parents of primary school-aged children). These key stakeholder groups
were agreed among our Steering Group of those that would be the most interested in the
development and implementation of an agreed set of outcomes to enhance this field of
research. An information leaflet was made available to participants which included an
electronic link to the Round 1 Delphi survey and study contact details. Through the Round 1
survey link, we obtained consent for participation, followed by participants registering their
details (name and email address) and indicating which of the four stakeholder groups they
identified with.

Delphi surveys

Using DelphiManager software,[33] we listed the outcomes with definitions by each domain
in a Delphi survey conducted over two rounds (Round 1 took place during June 2020, and
Round 2 in August 2020). Using the pre-defined Delphi Survey guidelines[33] we asked
participants to rate the importance of each outcome using a 9-point Likert scale ranging from
‘not important to measure’ to ‘critical to measure’ in Round 1. A rating of 10 could be

indicated if participants felt they were unable to score an outcome. Ratings were grouped
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into three categories: ‘not important to measure’ (ratings of 1, 2, or 3); ‘important but not
critical to measure’ (ratings of 4, 5,or 6); and ‘critical to measure’ (ratings of 7, 8 or 9). In
addition, participants were asked to suggest any other outcomes that they felt were not
captured. In line with our protocol, if more than two individual participants suggested the
same additional outcome, this would be included in Round 2 for all participants to rate. For
ratings in Round 2, participants were provided with feedback of Round 1 ratings categorised
by stakeholder group, and an option to re-rate their initial ratings based on this feedback.
Participants were sent three email reminders to complete Round 1; those who rated all
outcomes in Round 1 were invited to complete Round 2. The criteria for outcomes
considered most important to measure for each domain after Round 2 were defined a priori,
>70% of all participants rating an outcome ‘critical’ and 15% or less rating it ‘not
important’.[30] None of the outcomes were removed between rounds.

Children’s workshop

We recruited primary school children to take part in a workshop in December 2020 with
consent obtained from parents via the school. Due to Covid-19, our access to schools was
restricted. We partnered with one primary school in Greater London, UK. Guided by the list
of outcomes, we engaged the children in a series of activities and discussions on physical
activity and elicited the children’s views on what they thought was important to measure.
Stage 4: Stakeholder meeting

Participants who completed both survey rounds were invited to attend the stakeholder
meeting in December 2020. Due to Covid-19 restrictions, the meeting was held virtually
using the Zoom platform and we adapted the voting method (70%/15% threshold) as
described in our protocol. Instead, to achieve consensus on the outcomes to be included in

the COS, we led discussions around the ratings of outcomes in the Delphi surveys and

10
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children’s views. We used the Zoom chat function for participants to indicate the most

important outcomes and further discussion to agree the outcomes to be included in the COS.

PATIENT AND PUBLIC INVOLVEMENT

We have consulted with professional and public representatives within our Steering
Committee and as part of The Daily Mile Research Advisory Group. Both groups include
public health professionals, health researchers, academic researchers, and representatives
from The Daily Mile Foundation, Sport England, London Marathon, and London Sport. Our
COS has been developed in consultation with educators, health researchers, public health
professionals, parents and children through focus groups and workshops. We will widely
advertise our COS through those involved in the development, and also to child public health

policy makers through our research networks.

RESULTS

Stage 1: Extraction of outcomes

Our umbrella review identified 53 relevant papers (Supplemental File 3). Seventy-three
individual studies were extracted from which 82 outcomes were identified. The Steering
Committee focus group identified 34 outcomes.

Stage 2: List of outcomes and establishing domains

The final list consisted of 50 outcomes (Table 1) representing three domains: (1) physical
activity and health (16 outcomes); (2) social and emotional health (22 outcomes); and (3)
educational performance (12 outcomes) . Two outcomes, ‘sleep’ and ‘diet’ were included in

two domains as authors agreed that these outcomes in particular could be both a ‘physical

11
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activity and health’ and a ‘social and emotional health’ outcome. For example, sleep defined
as number of hours slept as recommended for children was included in the physical activity
and health domain, whilst sleep times/ patterns/broken sleep was included in the social and
emotional health domain. Similarly for the outcome of diet, eating well-balanced meals was
included in the physical activity and health domain whilst appetite was included in the social

and emotional health domain (see Table 1 for definitions).
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Outcome

Definition

Domain 1: Physical activity and health

Active travel

Bioimpedance

Blood lipids

Blood pressure

Diet

Energy levels / expenditure
Fitness

Heart rate

Intensity of physical activity

Leisure time activity

Motor skills

Musculoskeletal
Peak oxygen intake
Sedentary time
Sleep

Step counts

To get to and from school, for example, walking, public transport i.e., train/tube/bus (& not include car, van, motorcycle),
cycling, scooter

Weight, height, body mass index (BMI) body fat, body mass, waist circumference

d "ze0z JgBuleldss 0g uo GEETI0-z20z-uadolw

Fatty substances found in the blood (i.e., cholesterol, triglycerides) which increase th% risk of heart attack

The force at which your heart pumps blood around your body and the resistance to t@ blood flow in the blood vessels
[

4 p

Varied and balanced diet including fruit and vegetables

alol

The amount of energy needed to carry out physical functions such as breathing, exergising or digesting food

Being fit and healthy for optimal health and overall wellbeing

/:dny

Number of beats per minutes (BPM) to establish normal resting heart rate, high or Ioghear’[ rate

Includes light activity (i.e., taking a stroll); moderate activity (i.e., cycling / swimming a? regular pace, sweeping, washing
windows); and vigorous activity (i.e., aerobics, running, fast cycling or swimming, cling)ing stairs)

Time spent in activity for leisure during the day (i.e., walking in the park, playing spor'g with friends/family)

Skills that require using large muscles of the arms/legs/torso, i.e., standing, walking, @oing up and down stairs, running,
swimming, jumping, skipping, swimming, leaping, kicking

Bone strength, bone mineral density

The maximal rate at which oxygen can be used by the body during maximal work
Time spent sitting at desk, reading, sitting or lying down to watch television
Between approximately 10 to 12 hours per night

Number of steps taken in a day

Domain 2: Social and emoftional health

Anxiety
Appetite

Persistent feeling of worry, fear or nervousness

Eating well and regularly

13
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Body awareness

Body image
Depression
Empowerment
Enjoyment
Happiness

Table 1. continued

Mood

Peer support
Resilience
Satisfaction
Self-confidence
Self-efficacy

Self-esteem

Self-expression
Self-perception
Sickness

Sleep patterns
Social interaction
Stress

Wellbeing

BMJ Open

€190-220z-uadofw

The ability to recognize one's body moves helping to understand how to relate to objétts and people at home, at school and
o

outdoors

The perception one has of their physical self

Feeling persistently sad for more than a few days

Feeling a sense of becoming stronger and more confident
Taking pleasure in doing something

Feeling a sense of joy and contentment

A state of mind or a feeling such as happy, sad, cheerful or angry
Using one's own experiences to help others

The ability to recover quickly from difficulties

A sense of fulfilling a need, desire or appetite

A feeling of trust in one's abilities, qualities, and judgment

A person's belief of their capacity to perform behaviours necessary to produce specif'g: performance attainments

uadolwq//:dny wouy papeojumoq "zzog lequaidas gg u

A factor that influences people's choices and decisions which results in them either taking or not taking care of themselves

and explore their full potential

The communication of one's personality, feelings, or opinions

Attitudes towards own preferences and behaviour

Feeling unwell, nauseous, dizzy

Sleep patterns /achieving less than recommended (10-12 hours) / broken sleep
An exchange between two or more people

Feeling under pressure or threatened

Feeling well, happy, healthy and ability to manage stress

Domain 3: Educational performance

Academic performance

Measurement of a child's achievement over a range of academic subjects
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Attention

Classroom behaviour
Cognitive development /
function

Concentration

Engagement
Executive functioning
Focus

Maths

Reading

Working memory / inhibition

Writing

BMJ Open Page 16 of 49

Taking notice of someone or something

U0 GEET90-2202-uadofuw

How children are acting in the classroom in response to what is going on or present ground them
o

How children think, explore and figure things out

Jaquwardas

Ability to focus on task
N
The degree of attention, curiosity, interest, optimism, and passion that children show @hen they are learning or being taught

A set of mental skills including working memory, flexible thinking, and self-control to ag)ply to everyday learning, work, and
s

daily life 3
Ability to concentrate and not easily distracted %
The study of numbers, shapes and patterns %
A cognitive process that involves decoding symbols to arrive at meaning, the primaryg;urpose of which is to understand the
text g
A cognitive system with a limited capacity that can hold information temporarily and isgfimportant for reasoning, decision-
making and behaviour E
o

A form of communication to express language using symbols; being able to understaiid grammar, punctuation, spelling, and

vocabulary

15
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Stage 3: Stakeholder recruitment, Delphi surveys and children’s workshop

Stakeholder recruitment

A total of 104 participants consented and registered their details. Ninety (87%) completed
Round 1 in full of whom 65 (72%) also completed Round 2 in full. The 65 participants
included 16 (25%) educators, 24 (37%) researchers, 13 (20%) public health professionals,
and 12 (18%) parents, and represented 9 countries: UK (80%), Brazil (6%), Korea (5%),
Australia, France, Netherlands, Romania, Spain, and Taiwan (all 2%).

Delphi surveys

Thirteen outcomes met the >70% participant critical threshold: sleep (number of hours), and
diet (varied and balanced) in ‘physical activity and health’; happiness, wellbeing, anxiety,
self-esteem, depression, self-confidence, enjoyment, and stress in ‘social and emotional
health’; and concentration, attention, and focus in ‘educational performance’ (Table 2). In
Round 1, a further 29 outcomes were suggested, but after internal discussions, it was
agreed that 16 of the suggestions overlapped with the outcomes that were listed in the
survey, and the remaining 13 were proposed by only one participant and therefore not
carried forward to Round 2. Mean Round 1 ratings between participants completing Round 2
were similar to those who did not complete Round 2 (6.33, SD 2.08 vs 6.48, SD 1.95
respectively) suggesting those who did not complete Round 2 would have scored similarly to

those who did.

Table 2. Percentage of all participants’ critical ratings after Delphi survey Round 2

Domain Outcome % of participants rating

outcomes critical

Physical Active travel 51%
activity and Bioimpedance 26%
health Blood lipids 14%
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Blood pressure 14%
Diet (varied and balanced)* 71%*
Energy 26%
Fitness 60%
Heart rate 17%
Intensity of physical activity 63%
Leisure time activity 62%
Motor skills 46%
Musculoskeletal 20%
Oxygen peak intake 9%
Sedentary time 63%
Sleep (number of hours)* 85%*
Step counts 23%
Table 2. Continued

Anxiety 78%*
Appetite 42%
Body awareness 46%
Body image 66%
Depression 74%
Empowerment 42%
Enjoyment 74%*
Happiness 85%*
Mood 51%
Peer support 46%

Social and -
emotional Resilience 55%
health Satisfaction 46%
Self-confidence 74%*
Self-efficacy 68%
Self-esteem 75%*
Self-expression 34%
Self-perception 51%
Sickness 40%
Sleep patterns 69%
Social interaction 65%
Stress 72%*
Wellbeing 85%*
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Academic performance 57%
Attention 74%*
Classroom behaviour 68%
Cognition 54%
Concentration 75%*
Educational Engagement 69%
performance Executive functioning 46%
Focus 72%*
Maths 55%
Memory 48%
Reading 51%
Writing 48%

*Outcomes that meet the threshold (>70% participant agreement of ‘critical’ ratings)

Children’s workshop

Sixteen children aged 8 to 9 years took part in the workshop; 50% girls; 13% Caucasian,
56% Asian, and 31% Black; 6% had Special Educational Needs and 75% had English as a
second language. The children identified eight outcomes important to measure: five in
‘physical activity and health’ (energy, fitness, heart rate, muscle strength, and weight), and
three in ‘social and emotional health’ (happiness, mood, and stress). Interestingly, children
did not associate physical activity with any educational performance related outcomes.
Stage 4: Stakeholder meeting

Thirteen participants attended (2 educators, 2 parents and 9 researchers). Participants
expressed that they had expected more outcomes under the domain of physical activity and
health to be rated critical, i.e., intensity of physical activity which had been rated critical by
63% (Table 2). Through discussion, agreement was reached that this outcome is important
to measure be able to assess sustainability of physical activity interventions in schools. After
review of the outcomes identified critical in the survey and the outcomes considered

important to children, six outcomes were dropped and the additional outcome of intensity of
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physical activity was included (Supplemental File 4). Therefore, a total of 14 outcomes
reached consensus for the COS: diet (varied and balanced), fitness, intensity of physical
activity, and sleep (number of hours) in the physical activity and health domain; anxiety,
depression, enjoyment, happiness, self-esteem, stress, and wellbeing in social and
emotional health domain; and concentration, and focus in the domain of educational
performance (Table 3). We sent the agreed set of outcomes for review to the stakeholders

unable to attend the meeting. The wider group approved the COS.

Table 3. Core outcome set for physical activity interventions in primary schools

Domain Outcome

Diet (varied and balanced)

Energy
Physical activity and

health

Fitness
Intensity of physical activity

Sleep (number of hours)

Anxiety
Depression

Enjoyment
Social and emotional

Happiness
health PP

Self-esteem
Stress

Wellbeing

) Concentration
Educational performance
Focus

Discussion

We have developed the first COS for physical activity interventions in primary schools. By
using robust consensus methods and multi-disciplinary stakeholder groups, we have

achieved consensus on the outcomes considered important to measure. Implementation of
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this COS in future studies will reduce heterogeneity between studies allowing for evidence

synthesis and will also be relevant to wider audiences.

During the consensus meeting, it was noted that the survey identified only two outcomes
(sleep and diet) in the domain of physical activity and health as critical to measure whilst the
outcomes ‘physical activity intensity’ and ‘fitness’ did not meet the threshold. Outcomes that
may fit under these concepts include heart rate, blood lipids, blood pressure and peak
oxygen intake which are more commonly studied but these did not meet the critical threshold
in our survey. This potentially reflects the heterogeneity across studies of the outcomes that

should be measured under broader concepts.

In the studies identified from our umbrella review, we found that from a total of 82 unique
outcomes, 9 outcomes related to mental health, 23 outcomes related to educational
performance/cognition and 50 outcomes related to physical health. However, all our
stakeholders placed more importance on assessing children’s social and emotional health
outcomes. Our Delphi surveys and consensus methods bought to the forefront the
importance of considering potential effects of physical activity interventions on children’s
social and emotional health, and 50% of all outcomes in our COS were in this domain. This
indicates a shift in focus from measuring physiological outcomes and towards measuring
mental health when assessing physical activity interventions in primary schools. This further
supports the need for a COS in this field as our study has provided a better understanding
that to achieve better overall health and wellbeing in children, both physical and mental

health are equally important to measure.
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Functional precursors of performance-related outcomes (concentration, attention, and focus)
met the critical threshold than actual educational attainment outcomes of reading, writing,
and maths which are more commonly assessed in previous studies and by schools. A
possible explanation for this is that to improve educational attainment, physical activity
interventions need to help to improve cognition (i.e., concentration, focus). These
interventions may therefore have an indirect effect on improving reading, writing and maths

by improving cognition.

Although we are not aware of another COS that specifically evaluates interventions aimed at
increasing children’s physical activity in primary schools or other settings such as in the
community, there are several existing frameworks for assessing these interventions. A
systematic review by Cassar et al. (2019) identified 14 frameworks applied across 27
papers[34] which included RE-AIM,[35] Ecological framework for understanding effective
implementation,[36] Multilevel implementation quality framework,[37] and A Conceptual
Framework for Implementation.[38] The review found that the frameworks were
predominantly used for interpreting results and analyses rather than being used as a
planning tool for outcomes to be measured or for understanding results.[34] Another review
by Damschroder et al. (2009) also found little evidence that frameworks for school-based
physical activity interventions were used to guide the data collection.[39] Findings from these
reviews imply that the frameworks to assess these interventions provide little emphasis on
the planning of what should be measured and perhaps explains the heterogeneity of
outcomes measured to date. COS’s should be used to inform the choice of outcomes[40]
and our COS contributes to an important gap in these frameworks and can add to them by

providing a guide on the minimum set of outcomes to measure in future studies of physical
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activity interventions in primary schools. It is important to note however that the existing
research from physical activity intervention studies has enabled important findings of
outcomes that are more commonly measured such as BMI [41] and physical activity[42] and
have allowed for a better understanding of the impacts of these interventions on these
outcomes. But any COS’s currently being developed are mainly centred around childhood
obesity [43-45] which is complex; tackling childhood obesity requires comprehensive,
multicomponent strategies. Our COS, focussed on physical activity in primary schools,
should be considered as part of a set of tools for wider improvement of health in primary

schools.

Our study’s strengths include we have developed the first COS for physical activity
interventions in primary schools, to our knowledge, and used robust methodology as
recommended by the COMET to capture a wide range of outcomes to reach consensus. Our
inclusion of participants from four key stakeholder groups representing nine countries, as
well as incorporating views of children, ensures the relevance of outcomes to measure for
the target population. We also ensured that the domains were not pre-determined. We
instead established the domains led by the list of outcomes and their definitions thus
avoiding any researcher bias. However, there are limitations to our study. As we recruited
participants through several methods including advertising on our research network websites
and through snowballing, we are not aware of how many potential participants were targeted
for our research and did not participate. Although our participants represented nine
countries, most were UK based. The educators and health researcher stakeholder groups
included participants from five countries whilst participants from two countries represented

the public health professional and parent groups. All stakeholder groups had a UK
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participant representation between 71% and 95%. The outcomes identified from our
umbrella review were not limited to UK based studies, but the lower proportion of
participants representing other countries and in each stakeholder group, may have
prevented the identification of other outcomes that may be more relevant. Other countries
and cultures may differ in the importance placed on physical activity in schools and may
focus on other aspects such as educational attainment. This may bias our COS towards
outcomes relevant to UK audiences. Some of the definitions of the outcomes overlapped or
may have been interpreted with wider meanings which was not explored in our stakeholder
meeting. Covid-19 restrictions limited our reach to primary schools and year groups to target
for our workshops; children from different year groups may have considered additional or
fewer outcomes important. The development of our COS during the Covid-19 pandemic may
have influenced our findings. It has been widely reported that school closures and
restrictions have reduced opportunities for children to be physically active and has increased
poorer mental health.[46, 47] This may perhaps explain the higher number of outcomes in
the domain of social and emotional health that met the threshold in our surveys. Finally, it
may be challenging for future studies to include all 14 outcomes identfied in our COS.
However, as our outcomes have been grouped into three main domains, researchers may

choose to include the outcomes within the domain of interest.

The development of our COS is timely; several interventions that have been implemented in
schools in recent year may have stopped due to Covid-19. These interventions are likely to

resume and may be more important to assess now due the negative impacts the pandemic

has had on children’s physical activity and mental health. Our COS would be relevant to

future studies assessing the impact of physical activity interventions in primary schools such
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as The Daily Mile, a popular active mile intervention reaching 1 in 5 state-funded primary
schools in England,[48] and recommended by England’s National Obesity Plan.[49] Despite

its reach, the evidence of its impact remains limited or inconsistent.[50-53]

Our COS would benefit from identifying the best assessment tools to measure the outcomes
that are readily available to those implementing physical activity interventions in schools.
COMET suggests that a COS use should first aim to establish which outcomes are important
to measure, and then aim to identify which assessment tools would be the most accessible
for end users.[54] There is a low uptake of COS’s in randomised control trials due to lack of
recommendations of valid measures, lack of involvement of key stakeholders, and those
implementing or assessing interventions not being aware of a COS in their field of
research.[54] Our next step is to identify assessment tools that are readily available to
measure the outcomes in our COS. Recommendations of assessment tools would further

enhance the quality and consistency of results in studies using our COS.

Prevention and public health approaches in early life to reduce health inequalities and
improve health of the whole population may be a better investment than treating disease in
the population that generally arises later in life.[55, 56] The robust processes that we have
applied in this study could be repeated to inform an adolescent (young people aged 12 to 17
years) focussed COS. Physical activity is low among the secondary school population[57]
and poorer mental health is also increasing among this age group.[58] We recommend that
our COS is included as part of a wider set of tools and frameworks that should be developed

to standardise the outcomes to measure other areas of children and young people’s health
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such as weight and nutrition.[59] This would allow for improved health to continue during

adolescence and adulthood.

Conclusion

Our COS identifies the outcomes that are most important to measure for studies of physical
activity interventions in primary schools. Next, we aim to identify the assessment tools to
measure these outcomes. Wide use of our COS in future studies will reduce heterogeneity
allowing for evidence synthesis to better understand intervention effects on children’s health

and cognition during the primary school years.
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Figure 1. Process for developing a core outcome set for physical activity interventions in primary

schools
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ABSTRACT

Introduction Primary school-based physical activity
interventions, such as The Daily Mile initiative, have the
potential to increase children’s physical activity levels over
time, which is associated with a variety of health benefits.
Comparing interventions or combining results of several
studies of a single intervention is challenging because
previous studies have examined different outcomes or
used different measures that are not feasible or relevant
for researchers in school settings. The development and
implementation of a core outcome set (COS) for primary
school-based physical activity interventions would ensure
outcomes important to those involved in implementing and
evaluating interventions are standardised.

Methods and analysis Our aim is to develop a COS for
studies of school-based physical activity interventions. We
will achieve this by undertaking a four-stage process:(1)
identify a list of outcomes assessed in studies through a
systematic review of international literature; (2) establish
domains from these outcomes to produce questionnaire
items; (3) prioritise outcomes through a two-stage Delphi
survey with four key stakeholder groups (researchers,
public health professionals, educators and parents), where
stakeholders rate the importance of each outcome on a
9-point Likert scale (consensus that the outcomes should
be included in the COS will be determined as 70% or
more of all stakeholders scoring the outcome 7%—-9%

and 15% or less scoring 1 to 3); (4) achieve consensus

on a final COS in face-to-face meetings with a sample of
stakeholders and primary school children.

Ethics and dissemination We have received ethical
approval from Imperial College London (ref: 191C5428). The
results of this study will be disseminated via conference
presentations/public health meetings, peer-reviewed
publications and through appropriate media channels.
Trial registration number Core Outcome Measures in
Effectiveness Trials Initiative (COMET) number: 1322.

INTRODUCTION

Regular physical activity in children and
young people is associated with physical and
mental health benefits including musculo-
skeletal fitness and lower risk of depression,
obesity and diabetes.! > A growing evidence
base also suggests physical activity improves
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Strengths and limitations of this study

» To our knowledge, this will be the first core outcome
set developed to evaluate school-based physical
activity interventions in primary schools, which will
improve evidence synthesis in this field.

» The study will use a robust four-stage process in-
cluding a modified Delphi technique, to incorporate
multidisciplinary stakeholder perspectives, including
researchers, public health professionals, educators
(ie, head teachers, teachers and school governors),
parents and primary school children.

» The stakeholders are drawn from an international
pool and a systematic literature review of interna-
tional literature.

» A limitation of this study is that primary school
children are considered too young to participate
in the Delphi survey rounds. To ensure we capture
children’s perspectives, we will conduct a separate
face-to-face meeting and their views will be consid-
ered at the final stage.

sleep duration, cognition’ and academic
performance.* ° Hence, current guidelines
from the WHO recommend 60minutes of
moderate-to-vigorous physical activity every
day for children.” However, in high-income
countries, only one in five children and
young people are meeting these physical
activity targets.7 Several school-based phys-
ical activity (SBPA) interventions have been
developed and implemented to increase
children’s activity levels. A Cochrane review
of 44 randomised controlled trials of SBPA
interventions for children aged 6-18 years
found nine different outcome domains and
concluded that additional research on the
long-term impact of these interventions is
needed.®

Active mile initiatives, such as The Daily
Mile, which involves 15minutes of self-paced
physical activity,” are encouraged by govern-
ments of several European countries. Policy
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makers in the United Kingdom (UK) are now promoting
and incentivising their implementation in primary schools
(children aged 4-11 years)."” However, the evidence base
of their effectiveness is limited. Previous studies, although
promising, have been small scale, and examine different
outcomes using different measuring tools that are not
practical for follow-up over long periods (eg, physical
activity measured by accelerometers which only capture
a specific period of physical activity pattern).'" ' Tt is
also unclear which outcomes are most relevant for those
involved in implementing and evaluating interventions.

A core outcome set (COSs) is an agreed standardised
set of outcomes indicating what should be reported."
The outcomes must be measurable and relevant for
researchers and other key stakeholders. Core outcome
sets were originally developed for clinical trials, but
increasingly been developed and used in other areas.'*
A COS specifies a minimum set of outcomes assessed in
all studies, but is flexible to allow the inclusion of addi-
tional outcomes into any particular study."” To our knowl-
edge, there is not a COS that exists for the evaluation
of primary school-based physical activity interventions.
Therefore, there is a need to develop a COS to ensure
that the same outcomes are being measured to allow for
the direct comparison of school-based physical activity
interventions across studies.

AIMS AND OBJECTIVES

The aim of this study is to identify a COS for primary

school-based physical activity interventions over time.

This study will focus on what should be measured, and we

will assess ‘how’ to measure each core outcome.

Study objectives include:

1. To develop a list of potential outcomes relevant to eval-
uating primary school-based physical activity interven-
tions over time.

2. To prioritise outcomes of whole-school physical activity
important to relevant stakeholders including profes-
sionals and researchers.

3. To achieve consensus on a minimum set of relevant
outcomes for primary school-based physical activity in-
terventions (ie, COS).

METHODS

Steering group

We have formed asteering group for this project, including
healthcare professionals and researchers to guide the
development of this COS. We have recruited members
representing different disciples and expertise including
health professionals and researchers with methodolog-
ical expertise in epidemiology, statistics and consensus
methods. We have also identified a study management
group within the steering committee to conduct day-
to-day management of the study. We consulted with this
committee to identify core principles that we should apply
when identifying our set of core outcomes. This group
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determined that outcomes should be feasible for use in
large-scale studies and should be both valid and reliable.

Modified Delphi

The study design uses a modified Delphi technique (the

RAND/UCLA appropriateness method) to identify a set

of core outcomes."” This technique has previously been

used in the development of a COS across a variety of
clinical and research contexts.'®'” The modified Delphi
process involves four stages:

1. Identifying a list of outcomes from systematic litera-
ture reviews.

2. Reduction of the list into domains for questionnaire
items.

3. Prioritisation through a Delphi survey involving two
rounds of questionnaires and incorporation of addi-
tional outcomes nominated by stakeholders

4. Face-to-face consensus meetings to agree a final core
set with stakeholders.

Stage 1: systematic literature review

We will conduct a comprehensive umbrella review of
systematic reviews and meta-analyses to identify a list
of outcomes relevant to school-based physical activity
interventions. The process of this systematic review has
been registered with PROSPERO (CRD42019146621).'®
To identify reviews, we will search MEDLINE, EMBASE,
CINAHL, CENTRAL, PsycINFO and the Cochrane
Database of Systematic Reviews, restricting our search
to include English language only and articles published
since 1990. A detailed search strategy for each database
is included in online supplementary appendix A. We will
also aim to include relevant papers from the grey litera-
ture and in particular, we will review the Standard Evalu-
ation Framework for Physical Activity Interventions'’ and
the DAPA (diet, anthropometry, and physical activity)
measurement toolkit.*’

We will compile studies in EndNote software and remove
duplicates. Two authors will independently conduct title/
abstract screening to identify eligible systematic reviews or
meta-analyses. Disagreements will be resolved by discussion,
or as needed, by discussion with a third author. Title and
abstract screening will be followed by full-text screening.
For inclusion, eligible reviews will describe physical activity
interventions or processes targeted at primary school chil-
dren (aged 4-11 years). All types of study designs will be
included. We will exclude any studies that are notin English,
focus primarily on adolescents or young adults or those that
are aimed at a particular subpopulation of children as these
studies would not be generalisable to the whole school
population. We will use the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
to document the number of articles included and excluded
during the searches.”'

Once the systematic reviews are identified, we will
conduct a quality assessment of the reviews using the Crit-
ical Appraisal Skills Programme (CASP)* tool; low-quality
reviews will be excluded. We will search the included studies

68, 45i:10.1136/bmjopen-2019-031868
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from each review. As we are interested in studying physical
activity interventions delivered in a ‘real-world’ setting, we
will apply additional eligibility criteria to the studies selected
from within each review. Eligible studies must include a
longitudinal study design (as they may include more rele-
vant outcomes of interest) but we will not limit the dura-
tion of the intervention, and outcomes must be applicable
to primary school children (approximately 4-11 years). In
addition, we will limit studies to those conducted in the last
three decades. To ensure we capture all relevant papers,
we will identify additional relevant studies by screening the
reference list for each eligible study included. Again, this
search will be performed by two study authors with disagree-
ments resolved by discussion or through consultation with
a third author.

Outcomes will be identified from the methods and
results section of each paper. For each outcome, the
following data will be extracted: study characteristics (eg,
author(s), year, country and sample size), study popu-
lation (eg, number of participants, target age, ethnic
groups), how the outcomes were defined, the time
points for measurement and intervention duration, the
measurement tool used and whether it was validated, any
reliability information (eg, test-retest reliability), and any
methods used to enhance quality of outcome measure-
ment (eg, measured twice). If the tool was validated, we
will record details of the population used for validation
(eg, age and country of children). All data extraction will
be completed by one study author but 10% of the papers
will be done by a second author to check consistency.
Disagreements will be resolved by discussion or by consul-
tation with a third author, as required.

Stage 2: establishing domains for questionnaire items

The domains for questionnaire items will be established
by grouping similar outcomes that capture a broader
concept.” *! Domains will be identified independently
by two researchers and a small number of stakeholders
in discussion with a third senior researcher if there are
discrepancies. The shortlisted domains will form candi-
date outcomes as questionnaire items in plain English
for all stakeholder groups. The questionnaire will be
designed and piloted with input from lay representatives
to ensure its understanding and acceptability.

Stage 3: prioritisation of outcomes through a Delphi survey

Delphi Survey: round 1

The first round of the modified Delphi process will
involve surveying stakeholders to prioritise each of the
outcomes identified from the literature search through
an anonymous Delphi survey. The advantages of this
method include the low costs and avoidance of influ-
ence from strong voices in group-based decision-making.
Following guidance in the literature,” we aim to recruit
approximately 60 participants; around 15 members
each representing four key stakeholder groups: (1)
researchers, (2) health professionals, (3) educators, that
is, school teachers, head teachers, school governors,
and (4) parents. By ensuring heterogeneity in overall

Foley KA, et al. BMJ Open 2019;9:6031 858 o1

group composition it may help to identify outcomes
that would be otherwise overlooked." *#” Through our
research networks, colleagues and through public health
social media platforms, we will create a sampling frame
of potential stakeholders to invite. In addition, we will
ensure that teachers, head teachers, and school gover-
nors represent schools that are and are not taking part
in SBPA interventions. We will use snowballing methods
to identify further panel members and we aim to include
adult panel members with a range of expertise and from
different countries who are able to write and understand
English. Due to the complexity of the survey rounds, we
felt it would be inappropriate to include primary school
children at this stage of the COS development. Instead
we will include children aged 7-11 years in a face-to-
face meeting (stage 4) to learn about what is important
to them, and ensure their views are represented in this
study. This age range reflects the age of children in
primary school where children have an understanding of
the improtance of physical activity.

We will invite each potential panel member by email to
participate in this study. We will obtain informed consent
from all participants who agree to take part, and provide
them with information about the entire Delphi process
and the importance of participating in all rounds of the
study.?” Recruitment of panel members will continue
until we have a minimum of 12 and a maximum of 20
from each stakeholder group.”

We will send each participant a survey by email which
they will be asked to complete within 3weeks of receipt.
Participants will be required to rate the importance of
each outcome using a 9-point Likert scale ranging from
0 ‘not that important’ to 9 ‘critical’. They will also be
asked to suggest any additional outcomes not included in
survey. All surveys will be completed online. We will send
two reminder emails to encourage responses (one at the
end of week 2 and one at the end of week 3 allowing for
one more week to complete the survey).

All survey results will be reviewed to identify missing
data, possible outliers and the range of response options
used. For each outcome, the distribution of scores will be
generated and the median score calculated. We will calcu-
late these separately for each stakeholder group.

Additional outcomes suggested by at least two partic-
ipants will be reviewed by the study team. If there is
disagreement about whether a new suggested outcome
is unique that cannot be resolved by discussion, they
will consult with a third team member. New outcomes
will be added to the survey for round 2 of the Delphi.
All outcomes included in round 1 of the survey will be
retained for the second round of the Delphi survey.

Delphi survey: round 2

We will contact all participants who complete round 1
of the survey to complete round 2. The round 2 survey
will include feedback from round 1 showing their scores
compared with other participants in their own stake-
holder group and other groups. ** In the round 2 survey,
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we will ask participants to re-rate the importance of each
outcome and any new outcomes. After this round, we
will conduct analyses to determine consensus. Consensus
that the outcome should be included in the COS will be
determined as 70% or more of all panel members scoring
the outcome 7%-9% and 15% or less scoring 1%-3%.
Consensus that the outcome should NOT be included
in the COS will be 70% or more of all panel members
scoring the outcome 1%-3% and 15% or less scoring
7%-9%."* We will divide the outcomes list into three
groups: consensus that it should be included in the COS,
consensus that it should be excluded and no consensus
reached. Outcomes that reach consensus for inclu-
sion and those where no consensus was reached will be
retained for discussion during the face-to-face meeting.

Stage 4: consensus meeting to agree a final core outcome set
The fourth stage of this Delphi process will consist of two
face-to-face meetings to obtain consensus on the final core
set. We will conduct one meeting with adult stakeholders,
and a separate meeting with children. The meeting with
children will be first and informed by the results of the
Delphi survey. Through a day of activities and discussions
led by a trained facilitator, we will learn about which
outcomes are important to the children. Recruitment
of children for the face-to-face meeting will involve an
invitation letter sent to parents identified through the
educators and parents (in the UK) participating in the
questionnaire rounds. A child information leaflet will be
also be included. We aim to include approximately 10-15
children aged from 7 to 11 years per school, inviting a
minimum of two and a maximum of four schools. In
total, we aim to include 20-60 children. Written parental
consent and child assent will be obtained. As the meeting
with children will involve a number of activities, it will
not be possible to include children from other countries.
However, the children will be recruited from UK schools
representing those from urban and rural, and from
deprived and non-deprived areas.

For the adult stakeholder meeting, a representative
sample from each stakeholder group who have completed
both rounds of the survey will be invited to attend. We
aim to recruit at least one international member for each
stakeholder group to join the face-to-face meeting. The
meeting will be run by an independent facilitator who
has experience of participatory research and one of
the study researchers. We will present the results of the
Delphi survey to the adult stakeholders invited to attend
the face-to-face meeting (including at least one interna-
tional participant representing each stakeholder group).
We will present the ratings for each outcome from the
Delphi surveys for each stakeholder group and overall
alongside the outcomes deemed important to the chil-
dren. Each stakeholder group will be asked to discuss the
outcomes retained after survey round 2 and present their
views back to the whole group. After the discussions, each
participant will be issued with a unique keypad and asked
to vote each outcome as ‘include’, ‘exclude’ or ‘unsure’.
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All voting will be done simultaneously and individually
without conferring. All participants will view the results of
voting. Outcomes that are equivocal will be discussed as a
group and each panel member will have a second chance
to vote on these outcomes. The results will be compiled,
and consensus ratings determined using the 70/15
criteria described earlier. The final list will be presented
to the group for final discussion and comments. All
items prioritised by the stakeholders from stage 4 will
be included in the final COS for use in research in high-
income countries.

Patient and public involvement

We obtained public involvement input from The Daily
Mile Foundation and from participants of The Daily Mile
Stakeholder Group. We obtained feedback and input on
recruitment methods for research participants, incentives
for survey participation and written and verbal feedback
on recruitment materials. We will obtain further PPI input
on the development and piloting of the Delphi survey.

PARTICIPANT CONSENT AND DISSEMINATION

We will obtain written consent from all adult stakeholders,
and written parental consent and child assent for chil-
dren to take part in the face-to-face meeting. All survey
rounds will be conducted anonymously; participants will
not be told who the other respondents are or what their
specific responses were. Participants’ contact information
(names and emails) will be retained in accordance with
Imperial College London’s data collection, retention and
storage policies. During the face-to-face meeting, partic-
ipants will be aware of who the other panel members
are, but where possible, individual responses will remain
anonymous. To limit any adverse impact on school chil-
dren during the face-to-face meeting, we will aim to make
the materials and activities during the meeting interactive
and enjoyable. The results of this study will be shared in
conference presentations, public health meetings, and via
appropriate media channels. We will publish the process
of developing the COS in a peerreviewed journal, and
also publish the COS as a technical operating manual for
relevant audiences. This study has also been registered
with COMET and an update of the study results will be
published on their website.

Twitter Alex Bottle @DrAlexBottle and Sonia Saxena @SoniaKSaxena

Acknowledgements The authors are grateful to The Daily Mile Foundation,
especially Peter Williams, Emily Carson and Kerry Davis. The authors are also
grateful to the participants of The Daily Mile Stakeholder workshop who provided
valuable public and stakeholder input and feedback, lan Bannister, Shania Boom,
Josie Booth, Michael Brown, Anna Chalkley, Geraldine Constable, Andrew Darnton,
Annie Hargreaves, Jan Hickman, Kristy Howells, Alison Innerd, Sarah Kay, Ross
Mackenzie, Colin Moran, Lauren Sherar, Richard Slade and Hazel Whittle.

Contributors KAF, SS and TV conceived and designed this study with input from
BR, LJE, EvS, DSH, FG, MTAS, RMV and AB. KAF drafted the article with critical
revision provided by SS, BR, LJE, EvS, DSH, FG and MTAS. All authors approved the
final version.

Funding SS is funded by the National Institute for Health Research School for
Public Health Research (NIHR SPHR) and the NIHR Applied Research Collaboration

68, 45i:10.1136/bmjopen-2019-031868

"1ybuAdos Ag paroarold
*Areiqi uopuo 868)100 [eusdw 18 0Z0z ‘2T Arenuer uo jwod fwg uadolwg//:dny woiy papeojumoq “6TOZ J18quiadaq /T U0 898TE0-6T0Z-uadolwa/9eTT 0T se paysiignd 1siy :uadO NG


https://twitter.com/DrAlexBottle
https://twitter.com/SoniaKSaxena
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/

Page 41 of 49 BMJ Open

oNOYTULT D WN =

(ARC). KAF and BR are funded by ‘The Daily Mile Foundation’ supported by INEOS.
TV is funded by an NIHR SPHR PhD Studentship. The NIHR School for Public Health
Research is a partnership between the Universities of Sheffield; Bristol; Cambridge;
Imperial; and University College London; The London School for Hygiene and
Tropical Medicine (LSHTM); LiLaC — a collaboration between the Universities of
Liverpool and Lancaster; and Fuse - The Centre for Translational Research in Public
Health a collaboration between Newcastle, Durham, Northumbria, Sunderland and
Teesside Universities. EvS is supported by the Medical Research Council (MRC)
(Grant MC_UU_12015/7).

Competing interests SS, BR and KF have received funding from 'The Daily Mile
Foundation' supported by INEOS.

Patient consent for publication Not required.

Ethics approval This study has received ethics approval from the Imperial College
Research Ethics Committee (reference: 191C5428).

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Kimberley A Foley http://orcid.org/0000-0003-3664-8100
Tishya Venkatraman https://orcid.org/0000-0001-6171-2384
Bina Ram https://orcid.org/0000-0003-0023-1573

Louisa Ells https://orcid.org/0000-0003-0559-4832

Esther van Sluijs https://orcid.org/0000-0001-9141-9082
Dougal S Hargreaves https://orcid.org/0000-0003-0722-9847
Felix Greaves https://orcid.org/0000-0001-9393-3122
Mansour Taghavi Azar Sharabiani http://orcid.org/0000-0003-3808-277X
Russell M Viner http://orcid.org/0000-0003-3047-2247

Alex Bottle https://orcid.org/0000-0001-9978-2011

Sonia Saxena http://orcid.org/0000-0003-3787-2083

REFERENCES

1 Biddle SJH, Asare M. Physical activity and mental health in
children and adolescents: a review of reviews. Br J Sports Med
2011;45:886-95.

2 Aune D, Norat T, Leitzmann M, et al. Physical activity and the risk of
type 2 diabetes: a systematic review and dose-response meta-
analysis. Eur J Epidemiol 2015;30:529-42.

3 Esteban-Cornejo |, Tejero-Gonzalez Carlos M?, Sallis JF, et al.
Physical activity and cognition in adolescents: a systematic review. J
Sci Med Sport 2015;18:534-9.

4 Strong WB, Malina RM, Blimkie CJR, et al. Evidence based physical
activity for school-age youth. J Pediatr 2005;146:732-7.

5 Watson A, Timperio A, Brown H, et al. Effect of classroom-based
physical activity interventions on academic and physical activity
outcomes: a systematic review and meta-analysis. Int J Behav Nutr
Phys Act 2017;14.

6 Organization WH. Global recommendations on physical activity for
health, 2010.

7 Ipsos MORI. Active lives: children and young people survey,
academic year 2017/18, 2018.

Foley KA, et al. BMJ Open 2019;9:

8 Dobbins M, Husson H, DeCorby K, et al. School-based physical
activity programs for promoting physical activity and fitness in
children and adolescents aged 6 to 18. Cochrane Database Syst Rev
2013;19.

9 The Daily Mile Foundation. The daily mile. Available: https://
thedailymile.co.uk/

10 Department of Health and Social Care. Childhood obesity: a plan for
action, chapter 2, 2018.

11 Chesham RA, Booth JN, Sweeney EL, et al. The daily mile makes
primary school children more active, less sedentary and improves
their fitness and body composition: a quasi-experimental pilot study.
BMC Med 2018;16:64.

12 Daly-Smith A, Morris JL, Hobbs M, et al. Commentary on a recent
article on the effects of the ‘Daily Mile’ on physical activity, fitness
and body composition: addressing key limitations. BMC Med
2019;17.

13 Williamson PR, Altman DG, Blazeby JM, et al. Developing core
outcome sets for clinical trials: issues to consider. Trials 2012;13:132.

14 Williamson PR, Altman DG, Bagley H, et al. The comet Handbook:
version 1.0. Trials 2017;18:280.

15 Fitch KBS, Aguilar MD. The RAND/UCLA appropriateness methods
user's manual. Santa Monica: RAND, 2001.

16 Gorst SL, Gargon E, Clarke M, et al. Choosing important health
outcomes for comparative effectiveness research: an updated review
and user survey. PLoS One 2016;11:e0146444.

17 Sibley KM, Howe T, Lamb SE, et al. Recommendations for a core
outcome set for measuring standing balance in adult populations: a
consensus-based approach. PLoS One 2015;10:e0120568.

18 Ram B, Venkatraman T, Saxena S. A systematic review of primary
school-based physical activity interventions to determine a core
outcomes set of child health outcomes and measurement tools.
Prospero: International prospective register of systematic reviews
CRD42019146621, 2019. Available: https://wwwcrdyorkacuk/
prospero/display_recordphp?ID=CRD42019146621

19 Cavill NRK, Rutter H. Standard evaluation framework for physical
activity interventions, 2012.

20 DAPA measurement toolkit. Available: https://dapa-toolkit.mrc.ac.uk

21 Mobher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. J
Clin Epidemiol 2009;62:1006-12.

22 Critical Appraisal Skills Programme. CASP systematic review
checklist, 2019. Available: https://casp-uk.net/casp-tools-checklists/

23 Harman NL, Bruce IA, Callery P, et al. Moment — management of
otitis media with effusion in cleft palate: protocol for a systematic
review of the literature and identification of a core outcome set using
a Delphi survey. Trials 2013;14:70.

24 Waters AMI, Tudur Smith C, Young B, et al. The CONSENSUS study:
protocol for a mixed methods study to establish which outcomes
should be included in a core outcome set for oropharyngeal cancer.
Trials 2014;15:168.

25 McKee CM, Black NA, Lamping DL, et al. Consensus development
methods, and their use in clinical Guideline development. Health
Technol Assess 1998;2.

26 Boulkedid R, Abdoul H, Loustau M, et al. Using and reporting
the Delphi method for selecting healthcare quality indicators: a
systematic review. PLoS One 2011;6:e20476.

27 Sinha IP, Smyth RL, Williamson PR. Using the Delphi technique
to determine which outcomes to measure in clinical trials:
recommendations for the future based on a systematic review of
existing studies. PLoS Med 2011;8:e1000393.

28 Brookes ST, Macefield RC, Williamson PR, et al. Three nested
randomized controlled trials of peer-only or multiple stakeholder
group feedback within Delphi surveys during core outcome and
information set development. Trials 2016;17:409.

"1ybuAdos Ag paroarold
*Areiqi uopuo 868)100 [eusdw 18 0Z0z ‘2T Arenuer uo jwod fwg uadolwg//:dny woiy papeojumoq “6TOZ J18quiadaq /T U0 898TE0-6T0Z-uadolwa/9eTT 0T se paysiignd 1siy :uadO NG


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3664-8100
https://orcid.org/0000-0001-6171-2384
https://orcid.org/0000-0003-0023-1573
https://orcid.org/0000-0003-0559-4832
https://orcid.org/0000-0001-9141-9082
https://orcid.org/0000-0003-0722-9847
https://orcid.org/0000-0001-9393-3122
http://orcid.org/0000-0003-3808-277X
http://orcid.org/0000-0003-3047-2247
https://orcid.org/0000-0001-9978-2011
http://orcid.org/0000-0003-3787-2083
http://dx.doi.org/10.1136/bjsports-2011-090185
http://dx.doi.org/10.1007/s10654-015-0056-z
http://dx.doi.org/10.1016/j.jsams.2014.07.007
http://dx.doi.org/10.1016/j.jsams.2014.07.007
http://dx.doi.org/10.1016/j.jpeds.2005.01.055
http://dx.doi.org/10.1186/s12966-017-0569-9
http://dx.doi.org/10.1186/s12966-017-0569-9
http://dx.doi.org/10.1002/14651858.CD007651.pub2
https://thedailymile.co.uk/
https://thedailymile.co.uk/
http://dx.doi.org/10.1186/s12916-018-1049-z
http://dx.doi.org/10.1186/s12916-019-1335-4
http://dx.doi.org/10.1186/1745-6215-13-132
http://dx.doi.org/10.1186/s13063-017-1978-4
http://dx.doi.org/10.1371/journal.pone.0146444
http://dx.doi.org/10.1371/journal.pone.0120568
https://wwwcrdyorkacuk/prospero/display_recordphp?ID=CRD42019146621
https://wwwcrdyorkacuk/prospero/display_recordphp?ID=CRD42019146621
https://dapa-toolkit.mrc.ac.uk
http://dx.doi.org/10.1016/j.jclinepi.2009.06.005
http://dx.doi.org/10.1016/j.jclinepi.2009.06.005
https://casp-uk.net/casp-tools-checklists/
http://dx.doi.org/10.1186/1745-6215-14-70
http://dx.doi.org/10.1186/1745-6215-15-168
http://dx.doi.org/10.3310/hta2030
http://dx.doi.org/10.3310/hta2030
http://dx.doi.org/10.1371/journal.pone.0020476
http://dx.doi.org/10.1371/journal.pmed.1000393
http://dx.doi.org/10.1186/s13063-016-1479-x
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Supplemental File 2. Core Outcome Set—STAndards for Reporting: The COS-STAR checklist

ITEM REPORTED ON

SECTION/TOPIC No. CHECKLIST ITEM PAGE NUMBER

TITLE/ABSTRACT

Title 1la Identify in the title that the paper reportsthe | 1
development of a COS

Abstract 1b Provide a structured summary 2

INTRODUCTION

Background and 2a Describe the background and explain the 4

Objectives rationale for developing the COS.

2b Describe the specific objectives with reference | 5
to developing a COS.

Scope 3a Describe the health condition(s) and 5
population(s) covered by the COS.

3b Describe the intervention(s) covered by the 4/5
COsS.

3c Describe the setting(s) in which the COS is to 5
be applied.

METHODS

Protocol/Registry 4 Indicate where the COS development protocol | 5

Entry can be accessed, if available, and/or the study
registration details.

Participants 5 Describe the rationale for stakeholder groups | 6
involved in the COS development process,
eligibility criteria for participants from each
group, and a description of how the
individuals involved were identified.

Information Sources | 6a Describe the information sources used to 6
identify an initial list of outcomes.

6b Describe how outcomes were 6
dropped/combined, with reasons (if
applicable).

Consensus Process 7 Describe how the consensus process was 7
undertaken.

Outcome Scoring 8 Describe how outcomes were scored and how | 7
scores were summarised.

Consensus Definition | 9a Describe the consensus definition. 7

9b Describe the procedure for determining how 7
outcomes were included or excluded from
consideration during the consensus process.

Ethics and Consent 10 Provide a statement regarding the ethics and 18
consent issues for the study.

RESULTS

Protocol Deviations 11 Describe any changes from the protocol (if 7
applicable), with reasons, and describe what
impact these changes have on the results.

Participants 12 Present data on the number and relevant 11

characteristics of the people involved at all
stages of COS development.
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13a

List all outcomes considered at the start of the
consensus process.

9/10

13b

Describe any new outcomes introduced and
any outcomes dropped, with reasons, during
the consensus process.

11

9 COS

14

List the outcomes in the final COS.

13

10 DISCUSSION

Limitations

15

Discuss any limitations in the COS
development process.

15/16

14 Conclusions

16

Provide an interpretation of the final COS in
the context of other evidence, and
implications for future research.

14/15

17 OTHER INFORMATION

18 Funding

17

Describe sources of funding/role of funders.

18/19

Conflicts of Interest

18

Describe any conflicts of interest within the
study team and how these were managed.

18
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Domain Outcome Included/dropped for final
core outcome set
Diet (varied and balanced)’ Kept
Energy? Kept
. Fitness? Kept
‘P‘hy5|ca| Heart rate? Dropped
ach:;:lr;ﬁ Weight? Dropped
Muscle strength? Dropped
Sleep (number of hours)’ Kept
Intensity of physical activity Included after discussion
Anxiety’ Kept
Depression’ Kept
Enjoyment’ Kept
Social and Happiness'? Kept
emotional Mood? Dropped
health Self-confidence’ Dropped
Self-esteem’ Kept
Stress'>2 Kept
Wellbeing' Kept
Attention’ Dropped

Educational . &
performance Concentration Kept
Focus' Kept

'Outcomes that met the threshold criteria in the Delphi survey

2Qutcomes identified important by children
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ABSTRACT

Objectives To develop a core outcome set for physical activity interventions in primary

schools.

Design Modified-Delphi.

Setting UK and international.

Participants 104 participants from four stakeholder groups (educators, public health
professionals, health researchers, parents); 16 children (aged 8-9 years) from one London
primary school.

Interventions Physical activity interventions.

Methods Four-stage process: (1) outcomes extracted from relevant studies identified from an
umbrella review, and a focus group; (2) list of outcomes produced and domains established;
(3) stakeholders completed a 2-round Delphi survey by rating (Round 1) and re-rating
(Round 2) each outcome on a 9-point Likert scale from ‘not important’ to ‘critical’; a >70%
participant threshold identified the outcomes rated ‘critical’ to measure, and outcomes
important to children were identified through a workshop; (4) a stakeholder meeting to
achieve consensus of the outcomes to include in the core outcome set.

Results Seventy-four studies were extracted from 53 reviews. A list of 50 outcomes was
produced and three domains established: ‘physical activity and health’ (16 outcomes), ‘social
and emotional health’ (22 outcomes), and ‘educational performance’ (12 outcomes). 104
participants completed survey Round 1; 65 participants completed both rounds. Thirteen
outcomes met the threshold; children identified 8 outcomes. Fourteen outcomes achieved
consensus to produce the core outcome set; five outcomes for physical activity and health
(diet [varied and balanced], energy, fitness, intensity of physical activity, sleep [number of

hours]); seven for social and emotional health (anxiety, depression, enjoyment, happiness,
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self-esteem, stress, wellbeing); and two outcomes for educational performance
(concentration, focus).

Conclusions We have developed the first core outcome set for physical activity interventions
in primary schools in consultation with those interested in the development and application of
an agreed standardised set of outcomes. Future studies including these outcomes will
reduce heterogeneity across studies.

Registration Core Outcome Measures in Effectiveness Trials (COMET) Initiative:1322.

Keywords Core outcome set, physical activity, interventions, primary schools, modified-

Delphi
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ARTICLE SUMMARY

Strengths and limitations of this study

o First core outcome set developed for physical activity interventions in primary schools

¢ Developed in consultation with participants from key stakeholder groups

o Uses robust methodology as recommended by the Core Outcome Measures in
Effectiveness in Trials (COMET) Initiative

¢ Unbalanced number of participants in each stakeholder group

¢ Low representation of international participants may limit the use to UK schools only
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INTRODUCTION

Increasing children’s physical activity is a global health goal given the vast evidence showing
benefits on physical, social, mental, and cognitive health outcomes.[1] Health behaviours
may become embedded in childhood; providing opportunities for children to engage in
physical activities during the primary school years, may lead to physically active lifestyles
and improved health during adolescence and adulthood.[2] Many governments support the
need for increased physical activity promotion in schools.[3] The World Health Organisation
(WHO) recommends that schools should organise and promote opportunities for children to
regularly participate in physical activities.[4]

School settings are ideal as they have the potential to reach the maijority of children across
society[5, 6] including those living in poverty. Socio-economic inequalities have been
associated with moderate, and vigorous physical activity and may contribute to widening
health inequalities.[7] Targeting schools therefore could help towards reducing the gap in
physical activity among children.[7, 8] As a result of governments and the WHO
recommendations of physical activity promotion and engagement in schools, there are many
physical activity interventions that are implemented. However, the interventions vary in
design. Some interventions integrate additional physical education classes alongside
compulsory physical education lessons,[9] whilst some may incorporate 10 minutes of
physical activity into every school day.[10] There are also others which implement classroom

movement breaks[11] or active mile interventions.[12, 13]

There is considerable evidence showing the benefits of physical activity interventions in

schools successfully increasing children’s fithess,[14-17] and reducing sedentary time[18,

19] There is also increasing evidence of improvements to children’s social, emotional, and
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cognitive outcomes.[20-23] However, due to the heterogeneity of the outcomes assessed
across studies, definitive conclusions are challenging.[20, 22] For example, to assess
children’s emotional health, one study may measure children’s ‘happiness’, whilst another
may measure ‘depression’. Both these outcomes are conceptually different and difficult to
compare. In 2013, a Cochrane review of 44 randomised control trials of physical activity
interventions in schools for children aged 6 to 18 years found considerable variations in the
outcomes measured, and the results could not be synthesised to establish intervention
effects.[24] The review was updated in 2021; the authors concluded that due to the
variability of results, heterogeneity and risk of bias across studies, the impacts of physical
activity interventions in schools have shown small effects. These interventions may show
small improvements to children’s physical fithess but have little or no impact on other

outcomes such as Body Mass Index (BMI).[25]

Synthesising results from studies are likely to be of interest to a number of key groups
including public health professionals, teachers, parents, health care researchers, and policy
makers. However, many of the outcomes measured in existing studies, although important to
measure, may vary in relevance to specific groups. For example, (BMI) is a frequently
measured outcome from which important conclusions have been identified.[26, 27] BMI may
be considered highly important to health care practitioners but may not be considered as
important to teachers who may instead place higher importance on cognitive outcomes. Lack
of consultation with key groups when deciding which outcomes to measure in studies limits
the relevance of findings to specific groups and may has possibly led to differences of

outcomes measured across studies, thus preventing comparisons.
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A Core Outcome Set (COS) is an agreed set of standardised outcomes in a specific
research area that are recommended to measure and report.[28] These sets should be
developed in consultation with those who are interested in the development and application
of an agreed set of outcomes.[29] The COS should be viewed as a minimum to measure
and does not restrict additional outcomes of interest to be assessed. COS’s were originally
developed for clinical trials but are increasingly being used in other study designs, e.g., in
observational studies by practitioners and researchers to conduct their own assessments of
interventions.[28] To our knowledge, there is not a COS for physical activity interventions in
primary schools. Therefore the development of a COS (the aim of this study), would
contribute to this field of research by identifying the key outcomes to be studied, allowing for
evidence synthesis to better understand the impact of physical activity interventions in

schools on children’s health.

METHODS
Design

The protocol for this work has been published (Supplemental File 1);[30] it was developed in
accordance with the Core Outcome Measures in Effectiveness Trials (COMET) criteria.[29]
Our study was prospectively registered with COMET (registration number 1322).[31] We
used a modified-Delphi method consisting of four-stages to develop the COS (Figure 1).
First, we extracted outcomes and how they had been defined/described by the authors of
relevant studies identified through an umbrella review and through a focus group with our
Steering Committee (our Steering Committee includes health professionals, health
researchers, academics, and sports representatives from organisations such as Sport
England and The Daily Mile Foundation). Second, after de-duplication and combining similar

outcomes we created a long list and established domains determined by the outcomes.
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Third, we recruited participants from four key stakeholder groups (educators, health
researchers, public health professionals, and parents of children aged from 5 to 11 years) to
complete a two-round Delphi survey. We also obtained children’s views of what is important
to them through a workshop. Fourth, we held a stakeholder meeting to achieve consensus
on the outcomes to be included in the COS. We report the study following the Core Outcome

Set—-STAndards for Reporting: The COS-STAR checklist (Supplemental File 2).[32]

Stage 1: Extraction of oufcomes

For the umbrella review, we searched six databases (MEDLINE, EMBASE, PsycINFO,
CINAHL, CENTRAL and the Cochrane Database of Systematic Reviews). Keywords used
for the search were ‘school’, ‘physical activity’, ‘exercise’, ‘physical education’, fithess’,
‘energy expenditure’ and adapted to use database specific filters, i.e., subject headings or
medical subject headings (MeSH). Reviews were limited to systematic reviews, meta-
analyses or meta-syntheses, and those published between 1990 and 2019. Single relevant
studies from these reviews were identified from which the outcomes extracted. We also held
a focus group with our Steering Committee and used a nominal group technique to
brainstorm outcomes and rate their importance to extract further outcomes that may not
have been captured in our literature review. Descriptions of each outcome were guided by
the published literature and discissions with our Steering Group.

Stage 2: List of outcomes and establishing domains

We removed duplicate outcomes and merged those that were closely related, for example,
outcomes of ‘light physical activity’, ‘moderate physical activity’, and ‘vigorous physical
activity’ were combined into ‘intensity of physical activity’, to create a long list of outcomes.

Descriptions were generated for each outcome based on those provided by authors of the
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relevant studies and discussions with our Steering Committee. Guided by the outcomes and
descriptions, we established relevant domains by grouping similar outcomes that captured a
broader concept.

Stage 3: Stakeholder recruitment, Delphi surveys and children’s workshop

The purpose of the Delphi surveys was to identify which outcomes, from the long list we
produced, were considered the most important to measure across key stakeholder groups.
Stakeholder recruitment

Through emails to our public health research and practitioner networks, and through
snowballing and social media, we recruited participants from four key stakeholder groups
(educators [teachers, head teachers, school governors], health researchers, public health
professionals, and parents of primary school-aged children). These key stakeholder groups
were agreed among our Steering Group of those that would be the most interested in the
development and implementation of an agreed set of outcomes to enhance this field of
research. An information leaflet was made available to participants which included an
electronic link to the Round 1 Delphi survey and study contact details. Through the Round 1
survey link, we obtained consent for participation, followed by participants registering their
details (name and email address) and indicating which of the four stakeholder groups they
identified with.

Delphi surveys

Using DelphiManager software,[33] we listed the outcomes with their descriptions by each
domain in a Delphi survey conducted over two rounds (Round 1 took place during June
2020, and Round 2 in August 2020). Using the pre-defined Delphi Survey guidelines[33] we
asked participants to rate the importance of each outcome using a 9-point Likert scale

ranging from ‘not important to measure’ to ‘critical to measure’ in Round 1. A rating of 10
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could be indicated if participants felt they were unable to score an outcome. Ratings were
grouped into three categories: ‘not important to measure’ (ratings of 1, 2, or 3); ‘important but
not critical to measure’ (ratings of 4, 5,or 6); and ‘critical to measure’ (ratings of 7, 8 or 9). In
addition, participants were asked to suggest any other outcomes that they felt were not
captured. In line with our protocol, if more than two individual participants suggested the
same additional outcome, this would be included in Round 2 for all participants to rate. For
ratings in Round 2, participants were provided with feedback of Round 1 ratings categorised
by stakeholder group, and an option to re-rate their initial ratings based on this feedback.
Participants were sent three email reminders to complete Round 1; those who rated all
outcomes in Round 1 were invited to complete Round 2. The criteria for outcomes
considered most important to measure for each domain after Round 2 were defined a priori,
>70% of all participants rating an outcome ‘critical’ and 15% or less rating it ‘not
important’.[30] None of the outcomes were removed between rounds.

Children’s workshop

We recruited primary school children to take part in a workshop in December 2020 with
consent obtained from parents via the school. Due to Covid-19, our access to schools was
restricted. We partnered with one primary school in Greater London, UK. Guided by the list
of outcomes, we engaged the children in a series of activities and discussions on physical
activity and elicited the children’s views on what they thought was important to measure.
Stage 4: Stakeholder meeting

Participants who completed both survey rounds were invited to attend the stakeholder
meeting in December 2020. Due to Covid-19 restrictions, the meeting was held virtually
using the Zoom platform and we adapted the voting method (70%/15% threshold) as

described in our protocol. Instead, to achieve consensus on the outcomes to be included in

10
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the COS, we led discussions around the ratings of outcomes in the Delphi surveys and
children’s views. We used the Zoom chat function for participants to indicate the most

important outcomes and further discussion to agree the outcomes to be included in the COS.

PATIENT AND PUBLIC INVOLVEMENT

We have consulted with professional and public representatives within our Steering
Committee and as part of The Daily Mile Research Advisory Group. Both groups include
public health professionals, health researchers, academic researchers, and representatives
from The Daily Mile Foundation, Sport England, London Marathon, and London Sport. Our
COS has been developed in consultation with educators, health researchers, public health
professionals, parents and children through focus groups and workshops. We will widely
advertise our COS through those involved in the development, and also to child public health

policy makers through our research networks.

RESULTS

Stage 1: Extraction of outcomes

Our umbirella review identified 53 relevant papers from which 74 individual studies were
extracted (Supplemental File 3); around 181 outcomes were identified from these studies.
However, we identified variations across studies of how the outcomes were defined or
described if at all. The Steering Committee focus group identified 34 outcomes. We created
the description for each outcome guided by the literature and from discussions with our

Steering Group.

Stage 2: List of outcomes and establishing domains

11
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The final list consisted of 50 outcomes (Table 1) representing three domains: (1) physical
activity and health (16 outcomes); (2) social and emotional health (22 outcomes); and (3)
educational performance (12 outcomes) . Two outcomes, ‘sleep’ and ‘diet’ were included in
two domains as authors agreed that these outcomes in particular could be both a ‘physical
activity and health’ and a ‘social and emotional health’ outcome. For example, sleep defined
as number of hours slept as recommended for children was included in the physical activity
and health domain, whilst sleep times/ patterns/broken sleep was included in the social and
emotional health domain. Similarly for the outcome of diet, eating well-balanced meals was
included in the physical activity and health domain whilst appetite was included in the social

and emotional health domain (see Table 1 for descriptions).

12
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247  Table 1. List of 50 outcomes and their descriptions by domain, and the number of studies from which the oug':omes were extracted
248 2
Domain  Outcomes measured Description’ 'g ::Udie
Active travel To get to and from school, for example, walking, public transport i.e., train/tube/biﬁ-s (do not include car, van, FG*
o
motorcycle), cycling, scooter N
Anthropometry? Weight, height, body mass index (BMI) body fat, body mass, waist circumferenc§ 34
Blood lipids Fatty substances found in the blood (i.e., cholesterol, triglycerides) which increa% the risk of heart attack 2
Blood pressure The force at which your heart pumps blood around your body and the resistanceio the blood flow in the blood 2
vessels §
% Diet Varied and balanced diet including fruit and vegetables _g FG*
2 Energy levels / expenditure The amount of energy needed to carry out physical functions such as breathing,%xeroising or digesting food 5
g Fitness Being fit and healthy for optimal health and overall wellbeing ;?D' 16
:‘g Heart rate Number of beats per minutes (BPM) to establish normal resting heart rate, high QD«F low heart rate 5
E Intensity of physical activity Includes light activity (i.e., taking a stroll); moderate activity (i.e., cycling / swimrrﬁ;hg at regular pace, sweeping, 42
_§ washing windows); and vigorous activity (i.e., aerobics, running, fast cycling, cIinﬁsing stairs)
5 Leisure time activity Time spent in activity for leisure during the day (i.e., walking in the park, playing éports with friends/family) FG*
- Motor skills Skills that require using large muscles of the arms/legs/torso, i.e., standing, walk]:ﬁg, going up and down stairs, 8
running, swimming, jumping, skipping, leaping, kicking g
Musculoskeletal Bone strength, bone mineral density, muscle® E 8
Peak oxygen intake The maximal rate at which oxygen can be used by the body during maximal wo@ 1
Sedentary time Time spent sitting at desk, reading, sitting or lying down to watch television ;‘B* 7
Sleep Between approximately 10 to 12 hours per night g FG*
Step counts Number of steps taken in a day % 13
N Anxiety Persistent feeling of worry, fear or nervousness N FG*
g
a 13
=3
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2 Appetite Eating well and regularly & FG
o
5 Body awareness The ability to recognize one's body moves helping to understand how to relate tcfopbjects and people at home, 1
? at school and outdoors o
e]
8 Body image The perception one has of their physical self g 1
(o
?O Depression Feeling persistently sad for more than a few days e FG*
N
11 Empowerment Feeling a sense of becoming stronger and more confident E FG*
E g o ' Enjoyment Taking pleasure in doing something Y 3
o \ s
14 n ! Happiness Feeling a sense of joy and contentment 2 FG*
[}
15 249  Table 1 continued )
16 Q
17 250 =
18 Mood A state of mind or a feeling such as happy, sad, cheerful or angry g FG*
19 S
20 Peer support Using one's own experiences to help others % 1
21 Resilience The ability to recover quickly from difficulties % FG*
22 ®
23 Satisfaction A sense of fulfilling a need, desire or appetite g FG*
o
24 Self-confidence A feeling of trust in one's abilities, qualities, and judgment % FG*
25 ) . . . . o
2% Self-efficacy A person's belief of their capacity to perform behaviours necessary to produce Sp&i:lflc performance 2
27 attainments i
;g Self-esteem A factor that influences people's choices and decisions which results in them eitheitaking or not taking care of 1
[N
30 themselves and explore their full potential g
;; Self-expression The communication of one's personality, feelings, or opinions § FG*
33 Self-perception Attitudes towards own preferences and behaviour E 1
c
gg Sickness Feeling unwell, nauseous, dizzy 3 FG*
36 Sleep patterns Sleep patterns /achieving less than recommended (10-12 hours) / broken sleep -0'9 FG*
;73 Social interaction An exchange between two or more people % FG*
39 Stress Feeling under pressure or threatened ; FG*
40 8
41 S
42 & 14
g
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&
Wellbeing Feeling well, happy, healthy and ability to manage stress % FG*
Academic performance Measurement of a child's achievement over a range of academic subjects % 20
Attention Taking notice of someone or something o 6
e]
Classroom behaviour How children are acting in the classroom in response to what is going on or preseft around them 15
(o
o) Cognitive development / How children think, explore and figure things out Q 6
e , S
g function N
fg Concentration Ability to focus on task S 16
s
g Engagement The degree of attention, curiosity, interest, optimism, and passion that children sh@w when they are learning or >
T D
5 being taught §
§ Executive functioning A set of mental skills including working memory, flexible thinking, and self-control §> apply to everyday learning, 4
i work, and daily life =
iy 5
@ Focus Ability to concentrate and not easily distracted = 16
3
Maths The study of numbers, shapes and patterns g‘ 16
]
Reading A cognitive process that involves decoding symbols to arrive at meaning, the primgry purpose of which is to 8
3
understand the text S
3
Table 1 continued S
g
Working memory / inhibition A cognitive system with a limited capacity that can hold information temporarily an@ is important for reasoning, 6
decision-making and behaviour §
N
Writing A form of communication to express language using symbols; being able to under&tand grammar, punctuation, 5
«Q
spelling, and vocabulary &
'Descriptions were guided by the published literature and our Steering Group. ;
2From the 74 studies identified from the 53 relevant reviews %
Q
*FG = outcome identified by our Focus Group (Steering Group) g
2Anthropometry was presented as ‘Bio-impedance’ to participants. Changed to ‘Anthropometry' based on reviewer suggestions. g
& 15
=
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>Muscle’ was not included in the original description presented to participants . This was added based on reviewer suggestions.
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Stage 3: Stakeholder recruitment, Delphi surveys and children’s workshop

Stakeholder recruitment

A total of 104 participants consented and registered their details. Ninety (87%) completed
Round 1 in full of whom 65 (72%) also completed Round 2 in full. The 65 participants
included 16 (25%) educators, 24 (37%) researchers, 13 (20%) public health professionals,
and 12 (18%) parents, and represented 9 countries: UK (80%), Brazil (6%), Korea (5%),
Australia, France, Netherlands, Romania, Spain, and Taiwan (all 2%).

Delphi surveys

Thirteen outcomes met the >70% participant critical threshold: sleep (number of hours), and
diet (varied and balanced) in ‘physical activity and health’; happiness, wellbeing, anxiety,
self-esteem, depression, self-confidence, enjoyment, and stress in ‘social and emotional
health’; and concentration, attention, and focus in ‘educational performance’ (Table 2). In
Round 1, a further 29 outcomes were suggested, but after internal discussions, it was
agreed that 16 of the suggestions overlapped with the outcomes that were listed in the
survey, and the remaining 13 were proposed by only one participant and therefore not
carried forward to Round 2. Mean Round 1 ratings between participants completing Round 2
were similar to those who did not complete Round 2 (6.33, SD 2.08 vs 6.48, SD 1.95
respectively) suggesting those who did not complete Round 2 would have scored similarly to

those who did.

Table 2. Outcomes rated ‘not important’ and ‘critical’ to measure after Delphi survey Round 2
(n=60)

Domai Outcome % of participants % of participants rating
n rating outcomes outcomes ‘critical’

'not important’
- Active travel 3% 51%

17
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Anthropometry’ 15% 26%

Blood lipids 32% 14%

Blood pressure 28% 14%

Diet (varied and balanced)* 3% 71%*

Energy 8% 26%

Fitness 0% 60%

Heart rate 20% 17%

Intensity of physical activity 3% 63%

Leisure time activity 3% 62%

Motor skills 8% 46%

Musculoskeletal 12% 20%

Oxygen peak intake 29% 9%

Sedentary time 3% 63%

< > Sleep (number of hours)* 3% 85%*

Step counts 12% 23%

278  Table 2. Continued

Anxiety* 0% 78%*
Appetite 8% 42%
Body awareness 2% 46%
Body image 2% 66%
Depression 3% 74%
Empowerment 2% 42%
Enjoyment* 0% 74%*
% Happiness* 0% 85%*
% Mood 0% 51%
_g Peer support 0% 46%
E Resilience 3% 55%
% Satisfaction 2% 46%
% Self-confidence* 0% 74%*
§ Self-efficacy 2% 68%
o Self-esteem* 0% 75%*
Self-expression 8% 34%
Self-perception 2% 51%
Sickness 12% 40%
Sleep patterns 3% 69%
Social interaction 0% 65%
Stress 0% 72%*
Wellbeing* 0% 85%*
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Academic performance 2% 57%
Attention* 0* 74%*
3 Classroom behaviour 2% 68%
S Cognition 2% 54%
L Concentration* 0% 75%*
% Engagement 0% 69%
é Executive functioning 2% 46%
§ Focus* 3% 72%*
i Maths 8% 55%
R Memory 2% 48%
Reading 8% 51%
Writing 8% 48%

*Ratings that met the threshold (<15% agreement of the outcome rated ‘not important’ and >70%

agreement of the outcome rated ‘critical’ to measure.

' Anthropometry was presented as 'Bio-impedance' to the participants. This was changed based on

reviewer comments.

Children’s workshop

Sixteen children aged 8 to 9 years took part in the workshop; 50% girls; 13% Caucasian,
56% Asian, and 31% Black; 6% had Special Educational Needs and 75% had English as a
second language. The children identified eight outcomes important to measure: five in
‘physical activity and health’ (energy, fitness, heart rate, muscle strength, and weight), and
three in ‘social and emotional health’ (happiness, mood, and stress). Interestingly, children
did not associate physical activity with any educational performance related outcomes.
Stage 4: Stakeholder meeting

Thirteen participants attended (2 educators, 2 parents and 9 researchers). Participants
expressed that they had expected more outcomes under the domain of physical activity and
health to be rated critical, i.e., intensity of physical activity which had been rated critical by
63% (Table 2). Through discussion, agreement was reached that this outcome is important

to measure be able to assess sustainability of physical activity interventions in schools. After
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review of the outcomes identified critical in the survey and the outcomes considered

important to children, six outcomes were dropped and the additional outcome of intensity of

physical activity was included (Supplemental File 4). Therefore, a total of 14 outcomes
reached consensus for the COS: diet (varied and balanced), fitness, intensity of physical
activity, and sleep (number of hours) in the physical activity and health domain; anxiety,
depression, enjoyment, happiness, self-esteem, stress, and wellbeing in social and
emotional health domain; and concentration, and focus in the domain of educational
performance (Table 3). We sent the agreed set of outcomes for review to the stakeholders

unable to attend the meeting. The wider group approved the COS.

Table 3. Core outcome set for physical activity interventions in primary schools

Domain Outcome

Diet (varied and balanced)

Energy
Physical activity and

health

Fitness
Intensity of physical activity

Sleep (number of hours)

Anxiety
Depression

Enjoyment
Social and emotional

Happiness
health PP

Self-esteem
Stress
Wellbeing

] Concentration
Educational performance
Focus

DISCUSSION
We have developed the first COS for physical activity interventions in primary schools. By

using robust consensus methods and multi-disciplinary stakeholder groups, we have
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achieved consensus on the outcomes considered important to measure. Implementation of
this COS in future studies will reduce heterogeneity between studies allowing for evidence

synthesis and will also be relevant to wider audiences.

During the consensus meeting, it was noted that the survey identified only two outcomes
(sleep and diet) in the domain of physical activity and health as critical to measure whilst the
outcomes ‘physical activity intensity’ and ‘fithess’ did not meet the threshold. Outcomes that
may fit under this domain include moderate physical activity, vigorous physical activity,
moderate to vigorous physical activity and heart rate, which are more commonly studied but
these did not meet the critical threshold in our survey. This potentially reflects the
heterogeneity across studies of the outcomes that should be measured under broader
concepts. As discussed in our consensus meeting, the underrepresentation of outcomes
rated critically important in the physical activity domain may have been due to the specificity
of outcomes listed. For example researchers agree that physical activity should be
measured but do not agree on which specific outcome to measure. This would explain the
wide variation of physical activity outcomes that were identified from the published literature.
Physical activity can have many benefits beyond measuring its impact on particular health or
clinical outcomes. Therefore our participants agreed that measuring physical activity is

important and should be included.

In the published literature, we found only 10 studies which measured outcomes that related
to mental health, yet all our stakeholders placed critical importance on many of the outcomes
under the domain of social and emotional health. These findings may be explained by the

growing awareness of poor mental health in children and the growing evidence base of
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associations between increased physical and better mental health. The importance placed
on mental health perhaps indicates a shift in focus from measuring physiological outcomes
and towards measuring mental health when assessing physical activity interventions in
primary schools. This may allow health professionals/researchers/teachers/parents to be
able tackle better mental health in childhood which may lead to better mental health in
adolescence and adulthood. These findings further support the need for a COS in this field.
Our study has provided a better understanding that to achieve better overall health and
wellbeing in children, both physical and mental health are important to measure.

Functional precursors of performance-related outcomes (concentration, attention, and focus)
met the critical threshold than actual educational attainment outcomes of reading, writing,
and maths which are more commonly assessed in previous studies and by schools. A
possible explanation for this is that to improve educational attainment, physical activity
interventions need to help to improve cognition (i.e., concentration, focus). These
interventions may therefore have an indirect effect on improving reading, writing and maths
by improving cognition. Schools provide children with learning a range of subjects. However,
if increased physical activity in schools enhance children’s learning by improving their
physical and mental health, this will likely increase the acceptability of physical activity
interventions in schools. This may therefore generate a greater interest from schools to

implement these interventions.

Although we are not aware of another COS that specifically evaluates interventions aimed at
increasing children’s physical activity in primary schools or other settings such as in the
community, there are several existing frameworks for assessing these interventions. A

systematic review by Cassar et al. (2019) identified 14 frameworks applied across 27
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papers[34] which included RE-AIM (Reach, Effectiveness, Adoption, Implementation,
Maintenance),[35] Ecological framework for understanding effective implementation,[36]
Multilevel implementation quality framework,[37] and A Conceptual Framework for
Implementation.[38] The review found that the frameworks were primarily used for
interpreting results and analyses rather than being used as a planning tool for outcomes to
be measured or for understanding results.[34] Another review by Damschroder et al. (2009)
also found little evidence that frameworks for school-based physical activity interventions
were used to guide the data collection.[39] Findings from these reviews imply that the
frameworks to assess these interventions provide little emphasis on the planning of what
should be measured and perhaps explains the heterogeneity of outcomes measured to date.
A study by McKay and colleagues (2019), prioritised a list of frameworks to improve the
quality and consistency of implementing interventions to ensure that interventions are
effectively delivered to achieve population level benefits.[40] COS’s should be used to inform
the choice of outcomes[41] and our COS contributes to an important gap in these
frameworks and can add to them by providing a guide on the minimum set of outcomes to
measure in future studies of physical activity interventions in primary schools. It is important
to note however that the existing research from physical activity intervention studies has
enabled important findings of outcomes that are more commonly measured such as BMI [42]
and physical activity[43] and have allowed for a better understanding of the impacts of these
interventions on these outcomes. But any COS'’s currently being developed are mainly
centred around childhood obesity [44-46] which is complex; tackling childhood obesity
requires comprehensive, multicomponent strategies. Developing COS's require the need to
consider the aims and scale of the intervention, the population groups being targeted, and

the needs of the stakeholders. Our COS, focussed on physical activity interventions in
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primary schools, developed in consultation with those who would benefit the most to better
understand intervention effects, should be considered as part of a set of tools for wider

improvement of health in primary schools.

Our study’s strengths include we have developed the first COS for physical activity
interventions in primary schools, to our knowledge, and used robust methodology as
recommended by the COMET to capture a wide range of outcomes to reach consensus. Our
inclusion of participants from four key stakeholder groups representing nine countries, as
well as incorporating views of children, ensures the relevance of outcomes to measure for
the target population. We also ensured that the domains were not pre-determined. We
instead established the domains led by the list of outcomes and their descriptions thus
avoiding any researcher bias. However, there are limitations to our study. The descriptions
of each outcome were guided by the published literature. We had found variations in how the
outcomes were described across studies. This resulted in our descriptions for each outcome
either being a definition, suggestion, implying a positively directed relationship, or a
combination of these. Further research is needed to identify neutral descriptions of
outcomes. The low attendance of participants in our consensus meeting which did not
include a representation for the educators stakeholder group, may have possibly limited
further discussions of the outcomes that should be included in the COS. However, the final
list of outcomes was circulated to all the participants who completed both rounds of the
Delphi survey and an opportunity to comment further was provided before the final outcome
set was agreed. As we recruited participants through several methods including advertising
on our research network websites and through snowballing, we are not aware of how many

potential participants were targeted for our research and did not participate. Although our
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participants represented nine countries, most were UK based. The educators and health
researcher stakeholder groups included participants from five countries whilst participants
from two countries represented the public health professional and parent groups. All
stakeholder groups had a UK participant representation between 71% and 95%. The
outcomes identified from our umbrella review were not limited to UK based studies, but the
lower proportion of participants representing other countries and in each stakeholder group,
may have prevented the identification of other outcomes that may be more relevant. Other
countries and cultures may differ in the importance placed on physical activity in schools and
may focus on other aspects such as educational attainment. This may bias our COS towards
outcomes relevant to UK audiences. Covid-19 restrictions limited our reach to primary
schools and year groups to target for our workshops; children from different year groups may
have considered additional or fewer outcomes important. In addition, our representation of
children with English as a second language was much higher (75%) than the average
number of children with English as a second language in London primary schools (48%).[47]
The development of our COS during the Covid-19 pandemic may have influenced our
findings. It has been widely reported that school closures and restrictions have reduced
opportunities for children to be physically active and has increased poorer mental health.[48,
49] This may perhaps explain the higher number of outcomes in the domain of social and
emotional health that met the threshold in our surveys. Finally, it may be challenging for
future studies to include all 14 outcomes identified in our COS. However, as our outcomes
have been grouped into three main domains, researchers may choose to include the

outcomes within the domain of interest.
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The development of our COS is timely; several interventions that have been implemented in
schools in recent year may have stopped due to Covid-19. These interventions are likely to
resume and may be more important to assess now due the negative impacts the pandemic
has had on children’s physical activity and mental health. Our COS would be relevant to
future studies assessing the impact of physical activity interventions in primary schools such
as The Daily Mile, a popular active mile intervention reaching 1 in 5 state-funded primary
schools in England,[50] and recommended by England’s National Obesity Plan.[51] Despite

its reach, the evidence of its impact remains limited or inconsistent.[52-55]

Our COS would benefit from identifying the best assessment tools to measure the outcomes
that are readily available to those implementing physical activity interventions in schools.
COMET suggests that a COS use should first aim to establish which outcomes are important
to measure, and then aim to identify which assessment tools would be the most accessible
for end users.[56] There is a low uptake of COS’s in randomised control trials due to lack of
recommendations of valid measures, lack of involvement of key stakeholders, and those
implementing or assessing interventions not being aware of a COS in their field of
research.[56] Our next step is to identify assessment tools that are readily available to
measure the outcomes in our COS. Recommendations of assessment tools would further

enhance the quality and consistency of results in studies using our COS.

Prevention and public health approaches in early life to reduce health inequalities and
improve health of the whole population may be a better investment than treating disease in
the population that generally arises later in life.[57, 58] The robust processes that we have

applied in this study could be repeated to inform an adolescent (young people aged 12 to 17
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years) focussed COS. Physical activity is low among the secondary school population[59]
and poorer mental health is also increasing among this age group.[60] We recommend that
our COS is included as part of a wider set of tools and frameworks that should be developed
to standardise the outcomes to measure other areas of children and young people’s health
such as weight and nutrition.[61] This would allow for improved health to continue during

adolescence and adulthood.

CONCLUSION

Our COS identifies the outcomes that are most important to measure for studies of physical
activity interventions in primary schools. Next, we aim to identify the assessment tools to
measure these outcomes. Wide use of our COS in future studies will reduce heterogeneity
allowing for evidence synthesis to better understand intervention effects on children’s health

and cognition during the primary school years.
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Figure 1. Process for developing a core outcome set for physical activity interventions in primary

schools
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ABSTRACT

Introduction Primary school-based physical activity
interventions, such as The Daily Mile initiative, have the
potential to increase children’s physical activity levels over
time, which is associated with a variety of health benefits.
Comparing interventions or combining results of several
studies of a single intervention is challenging because
previous studies have examined different outcomes or
used different measures that are not feasible or relevant
for researchers in school settings. The development and
implementation of a core outcome set (COS) for primary
school-based physical activity interventions would ensure
outcomes important to those involved in implementing and
evaluating interventions are standardised.

Methods and analysis Our aim is to develop a COS for
studies of school-based physical activity interventions. We
will achieve this by undertaking a four-stage process:(1)
identify a list of outcomes assessed in studies through a
systematic review of international literature; (2) establish
domains from these outcomes to produce questionnaire
items; (3) prioritise outcomes through a two-stage Delphi
survey with four key stakeholder groups (researchers,
public health professionals, educators and parents), where
stakeholders rate the importance of each outcome on a
9-point Likert scale (consensus that the outcomes should
be included in the COS will be determined as 70% or
more of all stakeholders scoring the outcome 7%—-9%

and 15% or less scoring 1 to 3); (4) achieve consensus

on a final COS in face-to-face meetings with a sample of
stakeholders and primary school children.

Ethics and dissemination We have received ethical
approval from Imperial College London (ref: 191C5428). The
results of this study will be disseminated via conference
presentations/public health meetings, peer-reviewed
publications and through appropriate media channels.
Trial registration number Core Outcome Measures in
Effectiveness Trials Initiative (COMET) number: 1322.

INTRODUCTION

Regular physical activity in children and
young people is associated with physical and
mental health benefits including musculo-
skeletal fitness and lower risk of depression,
obesity and diabetes.! > A growing evidence
base also suggests physical activity improves

! Tishya Venkatraman
. Dougal S Hargreaves
," Russell M Viner

! Louisa Ells @ ?

1,4

. Bina Ram
! Felix Greaves @
° Alex Bottle @ '

*Areaqi uopuo 868)100 [euadwy 18 0Z0z ‘2T Arenuer uo jwod fwg uadolwag//:dny wouy papeojumoq "6T0OZ J18quiadaq LT U0 898TE0-6T0Z-uadolwa/9eTT 0T se paysiignd 1siy :uado NG

Strengths and limitations of this study

» To our knowledge, this will be the first core outcome
set developed to evaluate school-based physical
activity interventions in primary schools, which will
improve evidence synthesis in this field.

» The study will use a robust four-stage process in-
cluding a modified Delphi technique, to incorporate
multidisciplinary stakeholder perspectives, including
researchers, public health professionals, educators
(ie, head teachers, teachers and school governors),
parents and primary school children.

» The stakeholders are drawn from an international
pool and a systematic literature review of interna-
tional literature.

» A limitation of this study is that primary school
children are considered too young to participate
in the Delphi survey rounds. To ensure we capture
children’s perspectives, we will conduct a separate
face-to-face meeting and their views will be consid-
ered at the final stage.

sleep duration, cognition’ and academic
performance.* ° Hence, current guidelines
from the WHO recommend 60minutes of
moderate-to-vigorous physical activity every
day for children.” However, in high-income
countries, only one in five children and
young people are meeting these physical
activity targets.7 Several school-based phys-
ical activity (SBPA) interventions have been
developed and implemented to increase
children’s activity levels. A Cochrane review
of 44 randomised controlled trials of SBPA
interventions for children aged 6-18 years
found nine different outcome domains and
concluded that additional research on the
long-term impact of these interventions is
needed.®

Active mile initiatives, such as The Daily
Mile, which involves 15minutes of self-paced
physical activity,” are encouraged by govern-
ments of several European countries. Policy

"1ybuAdos Ag paroalold


http://bmjopen.bmj.com/
http://orcid.org/0000-0003-3664-8100
https://orcid.org/0000-0001-6171-2384
https://orcid.org/0000-0003-0023-1573
https://orcid.org/0000-0003-0559-4832
https://orcid.org/0000-0001-9141-9082
https://orcid.org/0000-0003-0722-9847
https://orcid.org/0000-0001-9393-3122
http://orcid.org/0000-0003-3808-277X
http://orcid.org/0000-0003-3047-2247
https://orcid.org/0000-0001-9978-2011
http://orcid.org/0000-0003-3787-2083
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2019-031868&domain=pdf&date_stamp=2019-11-17
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

makers in the United Kingdom (UK) are now promoting
and incentivising their implementation in primary schools
(children aged 4-11 years)."” However, the evidence base
of their effectiveness is limited. Previous studies, although
promising, have been small scale, and examine different
outcomes using different measuring tools that are not
practical for follow-up over long periods (eg, physical
activity measured by accelerometers which only capture
a specific period of physical activity pattern).'" ' Tt is
also unclear which outcomes are most relevant for those
involved in implementing and evaluating interventions.

A core outcome set (COSs) is an agreed standardised
set of outcomes indicating what should be reported."
The outcomes must be measurable and relevant for
researchers and other key stakeholders. Core outcome
sets were originally developed for clinical trials, but
increasingly been developed and used in other areas.'*
A COS specifies a minimum set of outcomes assessed in
all studies, but is flexible to allow the inclusion of addi-
tional outcomes into any particular study."” To our knowl-
edge, there is not a COS that exists for the evaluation
of primary school-based physical activity interventions.
Therefore, there is a need to develop a COS to ensure
that the same outcomes are being measured to allow for
the direct comparison of school-based physical activity
interventions across studies.

AIMS AND OBJECTIVES

The aim of this study is to identify a COS for primary

school-based physical activity interventions over time.

This study will focus on what should be measured, and we

will assess ‘how’ to measure each core outcome.

Study objectives include:

1. To develop a list of potential outcomes relevant to eval-
uating primary school-based physical activity interven-
tions over time.

2. To prioritise outcomes of whole-school physical activity
important to relevant stakeholders including profes-
sionals and researchers.

3. To achieve consensus on a minimum set of relevant
outcomes for primary school-based physical activity in-
terventions (ie, COS).

METHODS

Steering group

We have formed asteering group for this project, including
healthcare professionals and researchers to guide the
development of this COS. We have recruited members
representing different disciples and expertise including
health professionals and researchers with methodolog-
ical expertise in epidemiology, statistics and consensus
methods. We have also identified a study management
group within the steering committee to conduct day-
to-day management of the study. We consulted with this
committee to identify core principles that we should apply
when identifying our set of core outcomes. This group
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determined that outcomes should be feasible for use in
large-scale studies and should be both valid and reliable.

Modified Delphi

The study design uses a modified Delphi technique (the

RAND/UCLA appropriateness method) to identify a set

of core outcomes."” This technique has previously been

used in the development of a COS across a variety of
clinical and research contexts.'®'” The modified Delphi
process involves four stages:

1. Identifying a list of outcomes from systematic litera-
ture reviews.

2. Reduction of the list into domains for questionnaire
items.

3. Prioritisation through a Delphi survey involving two
rounds of questionnaires and incorporation of addi-
tional outcomes nominated by stakeholders

4. Face-to-face consensus meetings to agree a final core
set with stakeholders.

Stage 1: systematic literature review

We will conduct a comprehensive umbrella review of
systematic reviews and meta-analyses to identify a list
of outcomes relevant to school-based physical activity
interventions. The process of this systematic review has
been registered with PROSPERO (CRD42019146621).'®
To identify reviews, we will search MEDLINE, EMBASE,
CINAHL, CENTRAL, PsycINFO and the Cochrane
Database of Systematic Reviews, restricting our search
to include English language only and articles published
since 1990. A detailed search strategy for each database
is included in online supplementary appendix A. We will
also aim to include relevant papers from the grey litera-
ture and in particular, we will review the Standard Evalu-
ation Framework for Physical Activity Interventions'’ and
the DAPA (diet, anthropometry, and physical activity)
measurement toolkit.*’

We will compile studies in EndNote software and remove
duplicates. Two authors will independently conduct title/
abstract screening to identify eligible systematic reviews or
meta-analyses. Disagreements will be resolved by discussion,
or as needed, by discussion with a third author. Title and
abstract screening will be followed by full-text screening.
For inclusion, eligible reviews will describe physical activity
interventions or processes targeted at primary school chil-
dren (aged 4-11 years). All types of study designs will be
included. We will exclude any studies that are notin English,
focus primarily on adolescents or young adults or those that
are aimed at a particular subpopulation of children as these
studies would not be generalisable to the whole school
population. We will use the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
to document the number of articles included and excluded
during the searches.”'

Once the systematic reviews are identified, we will
conduct a quality assessment of the reviews using the Crit-
ical Appraisal Skills Programme (CASP)* tool; low-quality
reviews will be excluded. We will search the included studies
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from each review. As we are interested in studying physical
activity interventions delivered in a ‘real-world’ setting, we
will apply additional eligibility criteria to the studies selected
from within each review. Eligible studies must include a
longitudinal study design (as they may include more rele-
vant outcomes of interest) but we will not limit the dura-
tion of the intervention, and outcomes must be applicable
to primary school children (approximately 4-11 years). In
addition, we will limit studies to those conducted in the last
three decades. To ensure we capture all relevant papers,
we will identify additional relevant studies by screening the
reference list for each eligible study included. Again, this
search will be performed by two study authors with disagree-
ments resolved by discussion or through consultation with
a third author.

Outcomes will be identified from the methods and
results section of each paper. For each outcome, the
following data will be extracted: study characteristics (eg,
author(s), year, country and sample size), study popu-
lation (eg, number of participants, target age, ethnic
groups), how the outcomes were defined, the time
points for measurement and intervention duration, the
measurement tool used and whether it was validated, any
reliability information (eg, test-retest reliability), and any
methods used to enhance quality of outcome measure-
ment (eg, measured twice). If the tool was validated, we
will record details of the population used for validation
(eg, age and country of children). All data extraction will
be completed by one study author but 10% of the papers
will be done by a second author to check consistency.
Disagreements will be resolved by discussion or by consul-
tation with a third author, as required.

Stage 2: establishing domains for questionnaire items

The domains for questionnaire items will be established
by grouping similar outcomes that capture a broader
concept.” *! Domains will be identified independently
by two researchers and a small number of stakeholders
in discussion with a third senior researcher if there are
discrepancies. The shortlisted domains will form candi-
date outcomes as questionnaire items in plain English
for all stakeholder groups. The questionnaire will be
designed and piloted with input from lay representatives
to ensure its understanding and acceptability.

Stage 3: prioritisation of outcomes through a Delphi survey

Delphi Survey: round 1

The first round of the modified Delphi process will
involve surveying stakeholders to prioritise each of the
outcomes identified from the literature search through
an anonymous Delphi survey. The advantages of this
method include the low costs and avoidance of influ-
ence from strong voices in group-based decision-making.
Following guidance in the literature,” we aim to recruit
approximately 60 participants; around 15 members
each representing four key stakeholder groups: (1)
researchers, (2) health professionals, (3) educators, that
is, school teachers, head teachers, school governors,
and (4) parents. By ensuring heterogeneity in overall
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group composition it may help to identify outcomes
that would be otherwise overlooked." *#” Through our
research networks, colleagues and through public health
social media platforms, we will create a sampling frame
of potential stakeholders to invite. In addition, we will
ensure that teachers, head teachers, and school gover-
nors represent schools that are and are not taking part
in SBPA interventions. We will use snowballing methods
to identify further panel members and we aim to include
adult panel members with a range of expertise and from
different countries who are able to write and understand
English. Due to the complexity of the survey rounds, we
felt it would be inappropriate to include primary school
children at this stage of the COS development. Instead
we will include children aged 7-11 years in a face-to-
face meeting (stage 4) to learn about what is important
to them, and ensure their views are represented in this
study. This age range reflects the age of children in
primary school where children have an understanding of
the improtance of physical activity.

We will invite each potential panel member by email to
participate in this study. We will obtain informed consent
from all participants who agree to take part, and provide
them with information about the entire Delphi process
and the importance of participating in all rounds of the
study.?” Recruitment of panel members will continue
until we have a minimum of 12 and a maximum of 20
from each stakeholder group.”

We will send each participant a survey by email which
they will be asked to complete within 3weeks of receipt.
Participants will be required to rate the importance of
each outcome using a 9-point Likert scale ranging from
0 ‘not that important’ to 9 ‘critical’. They will also be
asked to suggest any additional outcomes not included in
survey. All surveys will be completed online. We will send
two reminder emails to encourage responses (one at the
end of week 2 and one at the end of week 3 allowing for
one more week to complete the survey).

All survey results will be reviewed to identify missing
data, possible outliers and the range of response options
used. For each outcome, the distribution of scores will be
generated and the median score calculated. We will calcu-
late these separately for each stakeholder group.

Additional outcomes suggested by at least two partic-
ipants will be reviewed by the study team. If there is
disagreement about whether a new suggested outcome
is unique that cannot be resolved by discussion, they
will consult with a third team member. New outcomes
will be added to the survey for round 2 of the Delphi.
All outcomes included in round 1 of the survey will be
retained for the second round of the Delphi survey.

Delphi survey: round 2

We will contact all participants who complete round 1
of the survey to complete round 2. The round 2 survey
will include feedback from round 1 showing their scores
compared with other participants in their own stake-
holder group and other groups. ** In the round 2 survey,
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we will ask participants to re-rate the importance of each
outcome and any new outcomes. After this round, we
will conduct analyses to determine consensus. Consensus
that the outcome should be included in the COS will be
determined as 70% or more of all panel members scoring
the outcome 7%-9% and 15% or less scoring 1%-3%.
Consensus that the outcome should NOT be included
in the COS will be 70% or more of all panel members
scoring the outcome 1%-3% and 15% or less scoring
7%-9%."* We will divide the outcomes list into three
groups: consensus that it should be included in the COS,
consensus that it should be excluded and no consensus
reached. Outcomes that reach consensus for inclu-
sion and those where no consensus was reached will be
retained for discussion during the face-to-face meeting.

Stage 4: consensus meeting to agree a final core outcome set
The fourth stage of this Delphi process will consist of two
face-to-face meetings to obtain consensus on the final core
set. We will conduct one meeting with adult stakeholders,
and a separate meeting with children. The meeting with
children will be first and informed by the results of the
Delphi survey. Through a day of activities and discussions
led by a trained facilitator, we will learn about which
outcomes are important to the children. Recruitment
of children for the face-to-face meeting will involve an
invitation letter sent to parents identified through the
educators and parents (in the UK) participating in the
questionnaire rounds. A child information leaflet will be
also be included. We aim to include approximately 10-15
children aged from 7 to 11 years per school, inviting a
minimum of two and a maximum of four schools. In
total, we aim to include 20-60 children. Written parental
consent and child assent will be obtained. As the meeting
with children will involve a number of activities, it will
not be possible to include children from other countries.
However, the children will be recruited from UK schools
representing those from urban and rural, and from
deprived and non-deprived areas.

For the adult stakeholder meeting, a representative
sample from each stakeholder group who have completed
both rounds of the survey will be invited to attend. We
aim to recruit at least one international member for each
stakeholder group to join the face-to-face meeting. The
meeting will be run by an independent facilitator who
has experience of participatory research and one of
the study researchers. We will present the results of the
Delphi survey to the adult stakeholders invited to attend
the face-to-face meeting (including at least one interna-
tional participant representing each stakeholder group).
We will present the ratings for each outcome from the
Delphi surveys for each stakeholder group and overall
alongside the outcomes deemed important to the chil-
dren. Each stakeholder group will be asked to discuss the
outcomes retained after survey round 2 and present their
views back to the whole group. After the discussions, each
participant will be issued with a unique keypad and asked
to vote each outcome as ‘include’, ‘exclude’ or ‘unsure’.
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All voting will be done simultaneously and individually
without conferring. All participants will view the results of
voting. Outcomes that are equivocal will be discussed as a
group and each panel member will have a second chance
to vote on these outcomes. The results will be compiled,
and consensus ratings determined using the 70/15
criteria described earlier. The final list will be presented
to the group for final discussion and comments. All
items prioritised by the stakeholders from stage 4 will
be included in the final COS for use in research in high-
income countries.

Patient and public involvement

We obtained public involvement input from The Daily
Mile Foundation and from participants of The Daily Mile
Stakeholder Group. We obtained feedback and input on
recruitment methods for research participants, incentives
for survey participation and written and verbal feedback
on recruitment materials. We will obtain further PPI input
on the development and piloting of the Delphi survey.

PARTICIPANT CONSENT AND DISSEMINATION

We will obtain written consent from all adult stakeholders,
and written parental consent and child assent for chil-
dren to take part in the face-to-face meeting. All survey
rounds will be conducted anonymously; participants will
not be told who the other respondents are or what their
specific responses were. Participants’ contact information
(names and emails) will be retained in accordance with
Imperial College London’s data collection, retention and
storage policies. During the face-to-face meeting, partic-
ipants will be aware of who the other panel members
are, but where possible, individual responses will remain
anonymous. To limit any adverse impact on school chil-
dren during the face-to-face meeting, we will aim to make
the materials and activities during the meeting interactive
and enjoyable. The results of this study will be shared in
conference presentations, public health meetings, and via
appropriate media channels. We will publish the process
of developing the COS in a peerreviewed journal, and
also publish the COS as a technical operating manual for
relevant audiences. This study has also been registered
with COMET and an update of the study results will be
published on their website.
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Supplemental File 2. Core Outcome Set—STAndards for Reporting: The COS-STAR checklist

ITEM REPORTED ON
SECTION/TOPIC No. CHECKLIST ITEM PAGE NUMBER
TITLE/ABSTRACT
Title 1la Identify in the title that the paper reportsthe | 1
development of a COS
Abstract 1b Provide a structured summary 2
INTRODUCTION
Background and 2a Describe the background and explain the 4/5
Objectives rationale for developing the COS.
2b Describe the specific objectives with reference | 5
to developing a COS.
Scope 3a Describe the health condition(s) and 5
population(s) covered by the COS.
3b Describe the intervention(s) covered by the 4
COsS.
3c Describe the setting(s) in which the COS is to 4/5
be applied.
METHODS
Protocol/Registry 4 Indicate where the COS development protocol | 5
Entry can be accessed, if available, and/or the study
registration details.
Participants 5 Describe the rationale for stakeholder groups | 6
involved in the COS development process,
eligibility criteria for participants from each
group, and a description of how the
individuals involved were identified.
Information Sources | 6a Describe the information sources used to 6
identify an initial list of outcomes.
6b Describe how outcomes were 6
dropped/combined, with reasons (if
applicable).
Consensus Process 7 Describe how the consensus process was 7
undertaken.
Outcome Scoring 8 Describe how outcomes were scored and how | 7
scores were summarised.
Consensus Definition | 9a Describe the consensus definition. 7
9b Describe the procedure for determining how 6/7
outcomes were included or excluded from
consideration during the consensus process.
Ethics and Consent 10 Provide a statement regarding the ethics and 20
consent issues for the study.
RESULTS
Protocol Deviations 11 Describe any changes from the protocol (if 7
applicable), with reasons, and describe what
impact these changes have on the results.
Participants 12 Present data on the number and relevant 11

characteristics of the people involved at all
stages of COS development.
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13a

List all outcomes considered at the start of the
consensus process.

9/10/11

13b

Describe any new outcomes introduced and
any outcomes dropped, with reasons, during
the consensus process.

12

9 COS

14

List the outcomes in the final COS.

14

10 DISCUSSION

Limitations

15

Discuss any limitations in the COS
development process.

17/18

14 Conclusions

16

Provide an interpretation of the final COS in
the context of other evidence, and
implications for future research.

16

17 OTHER INFORMATION

18 Funding

17

Describe sources of funding/role of funders.

20

Conflicts of Interest

18

Describe any conflicts of interest within the
study team and how these were managed.

20

From: Kirkham JJ, Gorst S, Altman DG, Blazeby JM, Clarke M, Devane D, et al. (2016) Core Outcome Set—
STAndards for Reporting: The COS-STAR Statement. PLoS Med 13(10): e1002148.
https://doi.org/10.1371/journal.pmed.1002148
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Author(s) Year Title Journal
1  Ahamed Y., MacDonald H., Reed K., Naylor 2007 School-based physical activity does not compromise children's Psychology and Behavioural
PJ,. Liu-Ambrose T., and McKay H. academic performance Strategies (39(2):371-6)
2 Bryant ES., Duncan MJ., Birch SL., and 2016 Can fundamental movement skill mastery be increased via a six- ) Sports (16(4))
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Supplemental File 4. Stakeholder meeting: outcomes included and dropped after review of the Delphi
survey results and children’s views

Domain Outcome Included/dropped for final
core outcome set

oNOYTULT D WN =

Diet (varied and balanced)’ Kept
10 Energy? Kept
11 Physical Fitness? Kept
o Heart rate? Dropped
activity and Weight? Dropped
health

14 Muscle strength? Dropped
Sleep (number of hours)’ Kept
Intensity of physical activity Included after discussion
Anxiety’ Kept

19 Depression’ Kept
20 Enjoyment’ Kept
21 Social and Happiness'? Kept
22 emotional Mood? Dropped
23 health Self-confidence’ Dropped
Self-esteem’ Kept

Stress'>2 Kept
Wellbeing' Kept
Attention’ Dropped
28 Educational . & PP
Concentration Kept

performance

30 Focus' Kept

'Outcomes that met the threshold criteria in the Delphi survey

2Qutcomes identified important by children
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