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ABSTRACT

Introduction 24-hour movement behaviours (physical
activity, sedentary behaviour and sleep) during the early
years are associated with health and developmental
outcomes, prompting the WHO to develop Global guidelines
for physical activity, sedentary behaviour and sleep for
children under 5 years of age. Prevalence data on 24-hour
movement behaviours is lacking, particularly in low-
income and middle-income countries (LMICs). This paper
describes the development of the SUNRISE International
Study of Movement Behaviours in the Early Years protocol,
designed to address this gap.

Methods and analysis SUNRISE is the first international
cross-sectional study that aims to determine the
proportion of 3- and 4-year-old children who meet the
WHO Global guidelines. The study will assess if proportions
differ by gender, urban/rural location and/or socioeconomic
status. Executive function, motor skills and adiposity will
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Strengths and limitations of this study

» First known multi-country cross-sectional study
using new WHO guidelines on physical activity,
sedentary behaviour and sleep for children un-
der 5 years of age, informing global efforts to de-
velop culturally specific interventions to improve
movement behaviours and ensure young chil-
dren reach their health and developmental
potential.

» Objective, device-based measures of 24-hour
movement behaviours and direct measures
of executive function, motor skills and adi-
posity in a sample of urban and rural commu-
nities from predominantly low-income and
middle-income countries undergoing rapid
urbanisation.

» Almost exclusive sampling of children at-

For numbered affiliations see be assessed and potential correlates of 24-hour movement tending Early Childhood Education and
end of article. behaviours examined. Pilot research from 24 countries Care services may not be representa-
Correspondence to (14 LMICs) informed the study design and protocol. Data tive of the general population in some
Anthony D Okely: are collected locally by research staff from partnering countries.
tokely@uow.edu.au institutions who are trained throughout the research
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Strengths and limitations of this study

» A generic parent questionnaire may not be sensitive enough to iden-
tify the contextual nuances necessary to understand the patterns,
prevalence and correlates of movement behaviours.

» Reliance on data management platforms that require reliable inter-
net connectivity is a challenge in some regions.

process. Piloting of all measures to determine protocol acceptability and
feasibility was interrupted by COVID-19 but is nearing completion. At the
time of publication 41 countries are participating in the SUNRISE study.
Ethics and dissemination The SUNRISE protocol has received ethics
approved from the University of Wollongong, Australia, and in each country
by the applicable ethics committees. Approval is also sought from any
relevant government departments or organisations. The results will inform
global efforts to prevent childhood obesity and ensure young children
reach their health and developmental potential. Findings on the correlates
of movement behaviours can guide future interventions to improve the
movement behaviours in culturally specific ways. Study findings will

be disseminated via publications, conference presentations and may
contribute to the development of local guidelines and public health
interventions.

INTRODUCTION

The early years (defined as <5 years) are arguably the
most critical period in life for developing important
physical, motor, social and cognitive skills." As a sensitive
period of brain development, this period in life provides
a window of opportunity where developmental plasticity
can be exploited to positively influence the trajectory of a
child’s life in each of the above developmental areas, and
to reduce health inequities.” However, it is also a period
for which, despite advances in technology, many gaps still
exist in the evidence base.

Consider a young child’s physical and motor devel-
opment in the context of how they move throughout a
typical day. It is a combination of sleep, sitting, standing
and different intensities of physical activity, the latter
mostly in the form of play and other activities of daily
living. Little is known about how these behaviours—in-
dividually and in combination—influence one another
and how they relate to healthy growth and development.”
The dearth of information is even more pronounced
in low-income and middle-income countries (LMICs),*
many of which are in a period of rapid urbanisation that
may further impact the healthy development of these
behaviours among this age group.”®

The WHO has identified the prevention of obesity in
young children as one of its key priorities for the 21st
century’; movement behaviours play a key role in this
priority. A specific recommendation from the WHO
Report of the Commission on Ending Childhood Obesity
(rec 4.12)° was to develop international guidelines for
movement behaviours for the early years (<5 years). This
is especially important for LMICs, where awareness of the
importance of healthy levels of these behaviours in the
early yearsis low, and benchmarks to determine their prev-
alence are lacking. In response to this recommendation

and the growing evidence on the relationship between
physical activity,' sedentary behaviour® and sleep dura-
tion” individually, and in Combination,4 and health
indicators in the early years, the WHO released the first
guidelines for physical activity, sedentary behaviours and
sleep for children under 5 years of age, in April 2019.%
These guidelines are based on an integrated movement
behaviour paradigm’ and provide recommendations for
each of the three movement behaviours (physical activity,
sedentary behaviour and sleep) across a 24-hour period,
aligning with national recommendations from countries
such as Canada'” and Australia."'

Systematic reviews of studies investigating the relation-
ship between movement behaviours and health indica-
tors have reported that the overwhelming majority were
conducted in high-income countries (HICs), even multi-
country studies, with very few conducted in LMICs and
virtually none comparing HICs with LMICs.* ' It is not
known how urbanisation and economic development,
particularly in LMIGs, is associated with young children’s
movement behaviours."” Globally, it is estimated that 70%
of people will live in cities by 2050 and that most of these
people will be children or adolescents.® The majority of
this increase in urbanisation will occur in LMICs, and
there is concern over how this will be managed. Key chal-
lenges particularly in urban environments, such as traffic,
pollution, crime, social fears, employment demands, ineq-
uitable access to adequate and healthy foods and urban
sprawl, may all negatively affect movement behaviours,
making it easier for young children to adopt unhealthy
levels of these behaviours. In LMICs, there is less likely to
be the infrastructure, health and social services, educa-
tion, economic or policy support to ensure that these
core challenges are addressed.’

Rapid urbanisation and high population densities
reduce green spaces and public playgrounds, worsen
air and noise pollution, increase motorised transporta-
tion and reduce walkability, which make outdoor phys-
ical activity less safe for children.”®' Sleep duration and
quality might also be affected in settings with high popu-
lation densities, because children often share bedrooms
and beds and are more exposed to electronic media in
these spaces.'” Many families transitioning to cities also
desire for their children to have technology-centric life-
styles often seen in HICs, resulting in children engaging
in long periods of sedentary screen time that probably
replaces active play and increases exposure to marketing
of unhealthy foods.'® Not only does this place children at
possible risk of overweight and obesity but healthy child
development may be compromised due to lack of play
and sleep opportunities.

A systematic review” of studies examining adherence
to 24-Hour Movement Guidelines among preschoolers
(ages 3 and 4 years), reported that of the nine studies,
all from HICs, between 5%—-24% met all three of the
daily movement guidelines for this age group: (1)
at least 180 min of physical activity, of which at least
60 min is energetic play, (2) no more than 1 hour of
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sedentary screen time and (3) 10-13 hours of good
quality sleep. Prior to the conception of the SUNRISE
study there were only two known studies'” '® from
LMICs that had examined compliance with the 2019
WHO guidelines. A Brazilian study reported that phys-
ical activity compliance was the highest at 43%, with
35% and 15% meeting sleep and sedentary screen
time recommendations respectively, while only 3%
of preschoolers met all three recommendations.'”
A study among Chinese kindergarteners found the
proportion of children who met the physical activity,
sedentary screen time and sleep guidelines were 65%,
88% and 29%, respectively, with only 15% meeting
all three guidelines and 2.7% not meeting any of the
guidelines.'®

For these reasons, the SUNRISE International Study of
Movement Behaviours in the Larly Years (https://sunrise-
study.com) was designed to collect data on the move-
ment behaviours of preschool-aged children, the factors
that are related to these behaviours and how the move-
ment behaviours are associated with obesity and other
health and developmental outcomes in a large-scale
international sample of urban and rural communities.
The primary aim of the SUNRISE study is to determine
the proportion of 3- and 4-year-old children sampled in
participating countries who meet the WHO Global guide-
lines for physical activity, sedentary and sleep behaviour.®
Further, the study aims to determine if these proportions
differ by gender, parental education level, urban/rural
location and among countries of differing human and
economic development.

As a secondary aim, associations between 24-hour
movement behaviours and health and development
outcomes will be examined. These outcomes include
overweight and obesity, gross and fine motor skills
and executive function. These secondary aims have
been chosen because significant associations have
also been found between the composition of 24-hour
movement behaviours and indicators of adiposity and
bone and skeletal health among preschoolers.* There
is also emerging evidence from a number of coun-
tries that the prevalence of developmental delay in
important domains such as motor and physical devel-
opment are high, around 15% for gross motor skills
and up to 32% for fine motor skills."** In addition
the study seeks to determine potential correlates of
24-hour movement behaviours using a social ecolog-
ical model, to examine inter-relationships between
individuals and the social (eg, family, safety, noise,
Early Childhood Education and Care (ECEC)), phys-
ical (eg, urban/rural, air quality, outdoor play space)
and policy (ECEC policies on food, play, screen time)
environment.” An overarching goal of SUNRISE is the
co-creation of new knowledge and building an inter-
national network of researchers interested in 24-hour
movement behaviour of young children. This paper
aims to describe the protocol of the SUNRISE study,

detailing how the different iterations of the pilot study
phases have contributed to finalising the methods and
measures to be used in the SUNRISE main study.

METHODS AND ANALYSIS

Project leadership and management

SUNRISE is guided by an international Leadership Group
(see online supplemental table 1) comprising a member
from each UN Sustainable Development Goal region
(sub-Saharan Africa, Northern Africa and Western Asia,
Europe and Northern America, Central and Southern
Asia, Eastern and South-Eastern Asia, Oceania, Australia
and New Zealand, Latin America and the Caribbean).
The group is gender balanced and includes early/mid-
career and late-career researchers from low, middle and
high-income countries, along with a project statistician
and quality assurance expert, WHO representative and
an external advisor. The Leadership Group is responsible
for developing the protocols for the study, including but
not limited to ethical considerations, sampling units and
recruitment, governance, budget, data management,
training of staff, quality assurance, communications
and publications. Video conference meetings are held
bimonthly, with the Leadership Executive, made up of
three members of the Leadership Group meeting during
the alternate months. The SUNRISE Coordinating
Centre based at the University of Wollongong (UOW),
Australia, is responsible for the overall administration
and of the study. This centre comprises a data manager,
project, research and equipment officers, a programmer
and postdoctoral fellows.

Sample selection
SUNRISE is an international cross-sectional study that
aims to recruit approximately 1000 healthy, gender
balanced children aged 3 and 4 years from each partic-
ipating country, with equal numbers (500 each) from
urban and rural communities representing low-income,
middle-income and high-income countries from each
major geographical region of the world (see table 1).
Countries have been recruited from each of the four
levels of the World Bank income classifications (low,
middle, high and very high). There has been an effort
to spread countries geographically and by income status.
Asia and Africa are highly-represented in the sample as
90% of the anticipated increase in the global urban popu-
lation will occur in these regions over the next 30 years.”*
Recruitment of countries into the SUNRISE study has
occurred on a continuous basis. Initially countries were
recruited by members of the SUNRISE Leadership Group
through existing collaborations. The Leadership Group
metin Hong Kongin August 2017 to develop the firstitera-
tion of the study protocol. A SUNRISE workshop was held
at the 2018 International Society of Behavioral Nutrition
and Physical Activity meeting in Hong Kong to introduce
the study to the international research community and
further recruitment occurred at subsequent conferences,
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through word of mouth and professional and research
student networks. Participating countries have therefore
either been actively invited or have expressed interest in
participating. In each country a partnering institution
and local chief investigator (CI) are identified who take
responsibility for all aspects of conducting the study at the
local level.

Given the vastly differing contexts in which SUNRISE
is being conducted, the local CI and research team in
each country determine the most appropriate approach
to recruiting children of consenting parents/caregivers
into the study. This occurs using a convenience cluster
sampling approach either through ECEC services, or
from the community at a village level. This has occurred
in some LMIC rural locations where ECEC services are
limited. The sampling frame for each country comprises
a geographical area within reasonable travel distance
from the Cls institution. If recruitment is conducted
through ECEC services, then the primary sampling unit
is the ECEC service. In countries where children will be
exclusively recruited from both public and private ECEC
centres, a maximum of 20 children per centre will be
recruited to ensure there is variability within the sample.”
This will result in a minimum of 50 public and/or private
centres participating in the main study. Services will not
be randomly selected but countries do need to ensure
that the sample is broadly representative of the country
in terms of sex, socioeconomic backgrounds of parents®
and urban/rural residence.?® All children in the selected
ECECGs or villages who are within the age range and who
can wear an accelerometer are eligible to participate.
There are no other exclusion criteria.

Pilot study

To be eligible for participation in the SUNRISE main study
each country is required to conduct a pilot study to assess
the feasibility and acceptability of the study protocol,
particularly recruitment and data collection methods.
For the pilot study, 100 children aged 3 and 4 years are
recruited equally from urban and rural settings (50
children from each). Each country is advised to use the
national definition of the country to determine what is an
urban and rural area. These are typically official defini-
tions. This sample size has been deemed sufficient to test
the feasibility of the protocol in each setting. In addition
to completing all measures proposed for the main study,
the pilot study protocol also includes a survey providing
information about the settings in which children spend
time and the research team’s ability to recruit the required
sample in an urban and rural area. Several focus groups
are conducted in each country with key stakeholders such
as parents and ECEC service staff to discuss the accept-
ability of the measures and the study protocol. Findings
from the focus groups (see table 2) have been used to
modify the protocol and refine the measures. Results
from the pilot studies are also being used for subsequent
funding applications for the SUNRISE main study at a
country level as well as collectively.

Patient and public involvement

Since the aim of the pilot work is in part to test and refine
the study protocol based on local contexts, data collected
have been analysed and used to refine the methods and
measures over time. Consequently, there have been three
distinct pilot phases for this study. A total of 8 countries
participated in Phase I from March 2018 to July 2019, 12
countries participated in Phase II from August 2019 to
September 2020 and 21 countries are currently involved
in Phase III of the pilot study (see figure 1 for map of
participating countries). Table 3 highlights the main
changes that have been made to the protocol across the
three phases. Changes were made based on feedback that
was obtained through the focus groups with parents and
ECEC service staff as well as feedback from local research
teams.

The COVID-19 pandemic has resulted in delays for
several countries conducting the pilot study. Conse-
quently, there will be some countries still trialling the
protocol, while others will commence with the main
study. Any additional countries wishing to participate in
SUNRISE will use the Phase III protocol for their pilot
study and this will also be used in the main study. Addi-
tional questions have been added to the protocol to
capture the influence of COVID-19 on the movement
behaviours in the ECEC setting (see online supplemental
table 2).

Training and capacity building

Face-to-face training sessions organised for all country Cls
and key local staff are conducted by the SUNRISE Coor-
dinating Centre in advance of data collection in each
country. All staff working on the study receive 2 days of
training in all steps of the data collection process with
particular emphasis on the administration of all assess-
ments in this age group. Data collectors are certified
by trained experts as competent to make the required
measurements. This involves the watching of online
training videos, observation by trainers of data collec-
tors practicing the assessments on children, viewing
protocol videos and successfully completing a test on the
assessment protocol as part of the face-to-face training
by experts. The Cls from each country are mentored
throughout the entire research and surveillance process
(see below).

Since August 2020, due to ongoing COVID-19-related
travel restrictions, the training sessions have been adapted
for online delivery. Training sessions for staff in have
been held for the SUNRISE teams in Singapore, Russia
and Nigeria. To facilitate this, videos have been devel-
oped to demonstrate the assessment protocols and prac-
tice assessments are conducted over Zoom or recorded
and sent to the coordinating centre for feedback. These
are publicly available on the SUNRISE YouTube channel
(https:/ /www.youtube.com/channel/UCUgmfAGHO1q
W7HV73vDVSLw).
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Table 2 Focus group and interview findings

Key themes

Main points

Implications for study protocol

Facilitators for childcare centre
staff

Barriers for ECEC service staff

Parent feedback on
questionnaire

Children’s overall feedback on
participation

Feedback on accelerometers

Feedback on motor skills tasks

Feedback on executive
function tasks

Study involvement novel and enjoyable.

Multiple data collection sessions per
participant; keeping track of accelerometers
challenging due to large sample; lack of
familiarity with wearable technology; limited
space within centres and distraction from
non-participating children.

Questions were understood and the support
of data collectors and translation into

local language assisted comprehension;
challenges around estimating time spent in
PA during time when kids are at the centre;
estimation difficult due to seasonality of PA.

Parents and ECEC staff both reported that
children enjoyed participating in the study.

Responses to the accelerometers varied.
Most found the monitors interesting and
children were excited and proud to wear
them. Challenges included placement of
activPAL monitor on thigh, discomfort,
irritation, difficulties dressing, bathing and
sleeping, several reports of rashes and wear
time compliance.

Motor skills were seen as age-appropriate
and informative for educators about
children’s strengths and weaknesses.
Children enjoyed the tasks.

The iPad games were generally perceived
as fun and age appropriate. Variability
among children sustaining interest due to
considerable differences in exposure to
devices between countries.

Confirms the acceptability and appropriateness
of the measures and data collection
procedures.

During the SUNRISE training, data collectors
are advised to administer the assessments
tasks to suit each centre programme/schedule,
data collector’s schedule as required; data
collectors trained on device safety and
participation ethics.

Translation of questions into local language
as feasible; provide time ranges as response
options; adding seasons/time of year

to questionnaire; providing link to video
instructions on accelerometer use for parents.

Confirms the acceptability and appropriateness
of the measures and data collection
procedures.

Use of the activPAL (placed on thigh) was
stopped for Phase Il and ActiGraph (belt
around waist) was used exclusively. For Phase
Il all children will wear the ActiGraph on the
hip.

Confirms the acceptability and appropriateness
of the measures and data collection
procedures.

Choice of iPad tasks to be appropriate for
most children regardless of previous device
exposure. Data collectors trained to support
children to feel comfortable in using unfamiliar
tools.

ECEC, Early Childhood Education and Care; PA, physical activity.

Measures
The measures described below are those used in Phase I11
of the protocol development.

Primary outcome

Twenty-four-hour movement behaviours (physical activity,
sedentary time and sleep) are assessed using accelerom-
etry27 (see table 3 for the types of accelerometers trialled).
For the main study, the ActiGraph (GT3X, GT3X+) accel-
erometer will be used. This waist worn device is the most
widely used and extensively validated accelerometer for
physical activity, sedentary behaviour® and sleep assess-
ment.® A pool of accelerometers is made available for use
across countries. Children are asked to wear the device
continuously (including sleeping and while engaging in
water-based activities such as bathing and swimming) for
a minimum of 5 days to get three full days (3x24-hour
period) of data. This will provide data on total physical

activity, moderate-intensity to vigorous-intensity physical
activity, total sitting time and total lying time.

In addition, some components of the 24-hour move-
ment behaviours are reported by the primary caregiver
on behalf of the participating child. These questions were
originally developed based on the recommendations for
each behaviour guideline."’ The brief survey, which takes
about 15-20 min to complete, asks the caregiver about
the child’s physical activity (only asked in Phase I), bed,
wake and nap times (from which sleep-time is calculated),
use of electronic media and restrained sitting (to calcu-
late sedentary time) (see online supplemental table 3).

Secondary outcomes

A range of health and development outcomes will be
obtained to assess associations with 24-hour movement
behaviours:
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Figure 1 Map of participating countries.

Anthropometry—height and weight are measured to
the nearest millimetre and kilogram using a portable
stadiometer and an electronic, calibrated scale following
standardised procedures as per WHO protocols.so

Gross and fine motor skills will be measured via vali-
dated activities from the National Institute of Health
(NIH) Toolbox.* All measures are scored as outlined by
the NIH Toolbox protocol. Five tests are included.

Gross motor skills

» Children perform a standing long jump to determine
lower body explosive strength and mobility. A line is
marked on the floor and the child stands with their
toes just behind the line. The child then jumps with
two feet together as far as they can and lands on two
feet. The child is given one practice and two test trials.
A measurement is taken from the front of the line
and the heel of the foot that is closest to the line. The
distance is recorded to the nearest centimetre. The
average of the distance values recorded is used.

> A supine-timed up and go (STuG) test is used to assess
mobility and posture. A line is marked 3 m from a wall
(using tape or chalk). A large target (circle or X) is
marked on the wall at the child’s eye level. The child
lies supine (on their back) with their feet (heels) on
the line. On ‘go’ the child is required to get up as
quickly as possible, run and touch the target and run
back across the 3 m line. The child has one practice
and is then given two trials. Timing is started when the
assessor says ‘Go’ and stopped as soon as the child’s
torso crosses the line. The average time taken to
complete the task is used.

» A onelegged standing balance lest is used to measure
posture and balance. The child stands on one leg,
with the arms held freely at the side of the body for up
to 30 s. The child must keep the standing leg fixed but
may keep the free leg in any position as long as it is off
the floor. Hooking the free leg around the standing
leg is not permitted. Swaying is allowed, and the arms

may move from the sides but may not hold the free leg.
Timing is started when the free leg leaves the floor.
Timing is stopped if the child moves the standing leg
or hooks the free leg around the other leg, or touches
the free leg with their hands. If the child maintains
balance for 30 s the assessment is stopped. The test
is then repeated on the other leg. The length of time
that the child is balancing on each leg is recorded.
The average time spent balancing is used.

» A handgrip dynamometer (TKK5825, Grip-A, Takei,
Tokyo) is used to assess upper extremity strength.
The test measures the capacity of the hand and arm
muscles to produce the tension and power neces-
sary for maintaining posture, initiating movement or
controlling movement during conditions of loading
the musculoskeletal system. The child is required to
squeeze the grip dynamometer continuously with
full force with their right hand for at least 3 s without
letting his/her arms touch their body. The test is then
repeated with the left hand. The maximum measure
attained is recorded.

Fine motor skills

The 9-hole pegboard test (PAT-A8515, Sammons Preston,
Illinois, USA) is used to assess dexterity or manipulation.
Dexterity is a central component of hand function and
relates to both the speed and accuracy of hand move-
ments. A child is timed picking up nine pegs one ata time
and inserting them into the pegboard (31.1 cm x 26.0 cm
x 4.3 cm). The test is then repeated with the left hand.
The timer begins as soon as the assessor says ‘Go” and is
stopped as soon as the final peg is placed back in the well
in the pegboard.

The 9-hole pegboard test and grip strength test are
based on the assessments in the NIH Toolbox Motor
Battery (ages 3-6).”' The one-legged standing balance
test and STuG were recommended as assessments for
static balance and mobility (general mobility and loco-
motion), respectively. This recommendation was made
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by the Motor Domain Group in their proposal for
assessment of motor function for mobility and posture
for the National Children’s Study (USA).*? For assess-
ment of mobility this Group recommended the vertical
jump for age 5 onwards. On consultation with the lead
author, it was recommended that a standing long jump
be used for children under the age of 5. The standing
long jump is widely used in motor development assess-
ment batteries for this age group.””**

Executive function

Inhibition and working memory, two key indicators of

cognitive function, will be measured using the validated

Early Years Toolbox (EYT).” Two brief, game-like assess-

ment from the toolbox will be administered via an iPad

and scored according to the EYT protocol.

» The Go/No-Gotaskisan assessment of ‘inhibition’—the
ability to control behavioural urges and impulses.
Children are presented with fish and sharks and are
instructed to tap the iPad screen whenever they see
a Fish (‘catch the fish’) and refrain from responding
when a Shark appears (‘avoid the sharks’).

» The Mr Ant task is an assessment of ‘visual-spatial
working memory’—the amount of visual information
that can be concurrently coordinated in the mind.
Children are presented with an image of a cartoon
character—Mr Ant—who has a number of coloured
dots placed in different spatial locations on his body.
After a predetermined amount of time, these dots
disappear, and the child is then asked to recall the
locations of the dots by tapping the corresponding
locations.

Parent questionnaire

In addition to the parent questionnaire on the child’s
24-hour movement behaviour, standardised validated
questions are asked of parents to assess potential
correlates of 24-hour movement behaviour using a social
ecological model, to examine inter-relationships between
individuals, social, physical and physical environment.”?
This includes questions on the child’s dietary diversity,”
eating behaviour and food insecurity” at the family level.
Further, sociodemographic information based on a modi-
fied version of the WHO STEPS survey™ is recorded (see
online supplemental table 3).

The questions assessing children’s movement
behaviours were based on the recommendations made
by the surveillance subcommittee of the Guideline
Development Group for the Australian 24-hour move-
ment behaviour guidelines for the early years in 2017.
The committee provided guidance on how to assess the
proportion of children meeting the recommendations
for each of the movement behaviours. The questionnaire
in its entirety has not yet been validated.

ECEC service questionnaire
In settings where recruitment occurs at the ECEC service
level, influences on 24-hour movement behaviour are

assessed via a staff questionnaire. Questions cover the
services’ policies around food provision, the physical
activity habits of the children and their sleep behaviour
while at the ECEC service, to assess centre-level policy
correlates of 24-hour movement behaviours (see online
supplemental table 2).

All instruments were assessed for their cultural rele-
vance and appropriateness, and in countries where
English is not a first language, the instruments were trans-
lated by a native speaker and back-translated to ensure
accuracy. Table 4 reports the initial results from the pilot
studies including response rates for the main measures.

Outdoor air quality

Pollution levels will be measured at each participating
ECEC service or at the village level during data collec-
tion using the Plume Labs application. The Plume
mobile application, provides real-time pollution level
data provided by environmental monitoring networks
run by local and national governments around the world.
Specifically, the application reports on particulate matter
2.5 (PM2.5), PM10 levels and give and overall air quality
index. The purpose of this is to determine whether air
quality is related to children’s outside physical activity
time and intensity during the day.

Data collection procedures

All data are collected by local data collectors in each
country. A detailed protocol manual sets out the data
collection instruments and procedures. To minimise
errors caused by entering data from hard copy to elec-
tronic format, and to ensure data transfer efficiency,
data are collected and managed using REDCap elec-
tronic data capture tools hosted at the UOW, Australia.
REDCap (Research Electronic Data Capture) is a secure,
web-based application designed to support data capture
for research studies, providing: (1) an intuitive inter-
face for validated data entry; (2) audit trails for tracking
data manipulation and export procedures; (3) auto-
mated export procedures for seamless data downloads
to common statistical packages; and (4) procedures for
importing data from external sources.” *” One exception
is the parent questionnaire, which is either completed by
parents on paper or where literacy poses challenges, via
interview, with the data entered directly into REDCap by
the data collector. The Coordinating Centre loans iPads
to participating countries with the REDCap projects and
Early Years Toolbox games preloaded onto them.

Initial contact with individual ECEC service or village
is made by a member of the local research team in each
country. Dates for each service/village visit are then
provided to all data collectors and local protocols for
entering and exiting each service/village are followed.

As there are several measures to be taken with the
children, the following order has been trialled and
is recommended to ensure a smooth data collection
process, giving children sufficient variability between
tasks to sustain their engagement: (1) Executive function
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task (Mr Ant), (2) attach ActiGraph accelerometer, (3)
measure height and weight, (4) assess gross motor skills,
(5) assess fine motor skills and (6) executive function task
2 (GoNoGo). All measures are conducted on 1 day and
take approximately 20 min to complete. It is not antici-
pated that participation in any measure will compromise
the results of any subsequent measures.

Datain REDCap can be collected offline. To commence,
the participant is allocated their unique study identifica-
tion number. The consent form must then be completed
which allows the remaining data to be collected and
entered as per the suggested order. The data are saved as
the data collector progresses through the various screens.
The accelerometer monitor identification number is also
entered to enable linking with the accelerometry data.
Once all data have been collected and the iPad is able to
be connected to the internet all data are sent to the proj-
ect’s REDCap server. From the server it is transferred to
the UOW Coordinating Centre’s databases for checking,
and analysis. Comprehensive data guidelines that set
out the principles, protocols, methods and procedure
governing the management, access, use and dissemina-
tion of the data have been developed for the study.

Data analysis plan

Data on participant attributes such as demographic
and anthropometric and movement behaviours will be
summarised separately for boys and girls, and across
urban and rural settings, as counts and percentages for
categorical variables and means and SD for continuous
variables. Given that the primary aim of the SUNRISE
study is to determine the proportion of 3- and 4-year-old
children sampled in participating countries who meet
the WHO Global guidelines for physical activity, seden-
tary and sleep behaviour, prevalence estimates analysis
will be conducted. We will also report the proportions
who meet any combinations of the guidelines, including
those who do not meet any recommendations. Linear
and generalised linear models will be used for association
analysis to assess whether associations exist (i) between
meeting all (or any of the) guidelines and factors, such
as sex (primary aims) and (ii) between health and devel-
opment outcomes and 24-hour movement behaviours
(secondary aims). The models will be covariate-adjusted,
and treat ECEC service/villages within site and children
within ECEC service/villages as well as ECEC service/
villages within countries as random effects for all anal-
yses. Statistical significance will be defined as p<0.05 with
appropriate adjustments for multi-testing.

Main study sample size calculation

Data obtained from SUNRISE pilot studies from 17 coun-
tries, showed that the proportions of children meeting
all components of the WHO Global guidelines varied
across countries from 2.3% to 42.7% with a mean country
proportion of 21.0%. These proportions also differed
within many countries when comparing rural with urban

areas. The mean absolute difference in the proportion
between rural and urban was 9.6%.

The power calculation is based on achieving 80%
power and a 5% significance level for each country and
assuming a rate of 21% of meeting all three guidelines
and detecting a difference of 9.6% in either direction
(two-sided) between urban and rural and based on an
equal allocation to both rural and urban settings. This
provides an effect size of 0.23 (small effect) M and results
in a sample size of n=558 per country.

When assuming a response rate of 76% (based on
average response rate in the 16 pilot studies), the
required sample size increases to n=734. The sampling
of the main study will be partly based on cluster sampling
(usually childcare centres). The intra-class correlation
(ICC) was estimated for each country, however, due to
low pilot sample sizes in each country; the country-
specific ICC estimates vary widely and are unreliable.
Instead, we combined countries and estimated the ICC
after controlling for country-specific effects. The resulting
ICC estimate was zero. However, a zero ICC might be too
optimistic (resulting in smaller sample size) for the main
study, possibly resulting in too low power, if the ICC is
indeed positive in the main study. To be conservative, we
used an ICC estimate of 0.022 from the PATH study.*
Taking this value and assuming data to be collected on
20 children (on average) per child care centre when 25
are recruited (on average), the sample size of n=735 is
further increased to approximately n=1000. This sample
size is also sufficiently large to have a margin of error of
at most 5% for a 95% CI for the proportion of meeting all
three guidelines for each country and for both rural and
urban populations when centred around 21%.

Ethics and dissemination

Ethics approval

The overarching protocols for the pilot study (2018,/044)
and the main study (2019/378) have been approved by
the UOW, Australia, Human Research Ethics Committee.
The protocol is also approved in each country by the
ethics committees at the participating institutions of each
CI, as applicable (see online supplemental table 4). In
addition, approval is sought from any government depart-
ments or organisations who oversee relevant settings in
the different countries. Participant information sheets,
consent forms and questionnaires are translated and back
translated, as necessary, into the local language of each
country following approved procedures of the local insti-
tutions. Parental consent is obtained for all participating
children.

Quality assurance of data collection, storage and management
This component of the project has been supported by the
Australian Health Services Research Institute at the UOW.
A comprehensive Research Data Management Plan that sets
out the principles and protocols governing the manage-
ment, access, use and dissemination of the data has been
developed. The data are securely stored in databases on
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password-protected servers at the UOW. All participating
countries retain ownership of their data. The terms of
collaboration are detailed in a Collaboration Agreement
that is entered into between the UOW and the partici-
pating institutions of each CI. This collaboration agree-
ment also details intellectual property issues, data use,
confidentiality, privacy, loaning of equipment and the
roles and responsibilities of each party. The agreement
is reviewed by each country’s legal representative and
executed by both the participating country’s authorised
representative and the UOW authorised representative,
prior to training in each country.

Global impact of SUNRISE

As the firstknown international study of movement
behaviours in the early years, SUNRISE will make a signif-
icant contribution to our understanding of the phys-
ical activity, sedentary behaviour and sleep patterns of
preschool aged children. Further, SUNRISE will investi-
gate if these behaviours differ by gender, parental educa-
tion level, urban/rural location and among countries of
differing human and economic development, and how
these compare to current global movement behaviour
guidelines. The study will also enable analysis of associ-
ations between movement behaviours and health and
developmental indicators and provide evidence on poten-
tial correlates of movement behaviours among young
children.

A considerable strength of the study is the breadth of
the resulting data set. SUNRISE data will be collected in
urban and rural settings in 39 countries, from every WHO
region, with up to 60% of participating countries being of
low-income or middle-income, resulting in a truly unique
data set. A further strength of the study is the extensive
pilot testing of the protocol (as described in this article)
which has resulted in a scientifically robust, culturally
appropriate, feasible, standardised protocol. The strong
data management and capacity building elements incor-
porated into the design of the study are a further strength.

In conclusion, the results to be obtained by SUNRISE,
particularly on the correlates of movement behaviours,
have the potential to inform the development of future
interventions to improve the movement behaviours in
culturally specific ways across a diverse range of settings.
The collaborative international network of researchers
and practitioners brought together by this study will be
instrumental in driving this important agenda further
and will no doubt make considerable contributions to
ensuring that young children reach their full develop-
mental potential.

Author affiliations

1Early Start, School of Health and Society, Faculty of the Arts, Social Sciences
and Humanities, University of Wollongong, Wollongong, New South Wales,
Australia

ZPhysical Activity for Health, University of Strathclyde, Glasgow, UK

SChildren’s Hospital of Eastern Ontario Research Institute, Ottawa, Ontario, Canada
“MRC-Wits DPHRU, University of the Witwatersrand, Johannesburg-Braamfontein,
South Africa

SUnité Mixte de Recherche Nutrition et Alimentation, Regional Designated Center of
Nutrition Associated with AFRA/IAEA, CNESTEN-Université Ibn Tofail URAC39, Rabat,
Morocco

®Universidade de Sao Paulo Escola de Artes Ciencias e Humanidades, Sao Paulo,
Brazil

"Faculty of Business and Law, Australian Health Services Research Institute,
University of Wollongong, Wollongong, New South Wales, Australia

8Department of Early Childhood Development, Beijing Municipal Key Laboratory of
Child Development and Nutriomics, Capital Institute of Pediatrics, Beijing, China
°Pennington Biomedical Research Center, Baton Rouge, Louisiana, USA

Oadu Rural Health Program, KEM Hospital Pune Research Centre, Pune, India
"Population Health and Demography Unit, PNG Institute of Medical Research,
Goroka, Papua New Guinea

"2National Institute for Applied Statistics Research Australia, School of Mathematics
and Applied Statistics, Faculty of Engineering and Information Sciences, University
of Wollongong, Wollongong, New South Wales, Australia

3Department for Prevention of Non-Communicable Diseases, WHO, Geneve,
Switzerland

YEarly Start, Faculty of the Arts, Social Sciences and Humanities, University of
Wollongong, Wollongong, New South Wales, Australia

"SHiwot Fana Specialized University Hospital, Harar, Ethiopia

'5Department of Physical Education, Sports and Recreation, Universidad de La
Frontera, Temuco, Chile

"Precision Health Consultants (PHC Global), Karachi, Pakistan

"®National Centre for Public Health, Mongolia Ministry of Health, Ulaanbaatar,
Mongolia

'SDepartment of Sports Science and Physical Education, Faculty of Education, The
Chinese University of Hong Kong, Hong Kong, Hong Kong

2pepartment of Paediatrics, Faculty of Medicine, University of Colombo, Colombo,
Sri Lanka

%National Institute of Education, Nanyang Technological University, Singapore
Health Education, School of Medical Sciences, Tarbiat Modares University, Tehran,
Iran

ZDepartment of Sports Science and Physical Education, The Chinese University of
Hong Kong, Hong Kong, Hong Kong

%Biomedical Research Foundation, Dhaka, Bangladesh

%School of Psychological Sciences and Health, University of Strathclyde, Glasgow,
UK

%Department of Physical Activity and Healthy Lifestyles, Center for Nutrition and
Health Research, National Institute of Public Health, Cuernavaca, Mexico

%'Thailand Physical Activity Knowledge Development Centre, Institute for Population
and Social Research, Mahidol University, Salaya, Thailand

%Korea Institute of Child Care and Education, Seoul, Republic of Korea
SDepartment of Epidemiology, Faculty of Public Health, Pham Ngoc Thach
University of Medicine, Ho Chi Minh City, Viet Nam

S0Centre of Community Education and Well-being, Faculty of Education, Universiti
Kebangsaan Malaysia, Bangi, Malaysia

$'National Medical Research Centre for Therapy and Preventive Medicine, Moscow,
Russia

%2Tanzania Food and Nutrition Centre, Dar es Salaam, Tanzania

%%Department of Health, Medicine och Caring Sciences, Linkdping University,
Linkoping, Sweden

%Department of Biosciences and Nutrition, Karolinska Institute, Stockholm, Sweden
5Rehabilitation Sciences Unit, Faculty of Medicine and Health Sciences, University
of Zimbabwe, Harare, Zimbabwe

%6Centre for Social Research, University of Malawi, Zomba, Malawi

"Human Kinetics and Health Education, University of Lagos, Akoka, Nigeria
*Department of Sport Science and Clinical Biomechanics, University of Southern
Denmark, Odense, Denmark

®Universidad de Sevilla, Sevilla, Spain

“Folkhalsen Research Centre, Helsinki, Finland

“'Department of Food and Environmental Sciences, University of Helsinki, Helsinki,
Finland

“Faculty of Business, University of Wollongong, Dubai, UAE

*3School of Public Health and Primary Care, CMNHS, Fiji National University, Nasinu,
Fiji

“Faculty of Sport and Health Education, Universitas Pendidikan Indonesia, Bandung,
Indonesia

*College of Health and Welfare, J F Oberlin University, Machida, Japan

Okely AD, et al. BMJ Open 2021;11:€049267. doi:10.1136/bmjopen-2021-049267

15

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq palosalold
*1sanb Aq G20z ‘S Jaqwiadag uo jw oo fwg uadolway/:dny woly papeojumoq "TZ0Z 180190 GZ UO /9Z610-T202-uadolwa/9eTT 0T se paysiignd 1si1) :uado NG


http://bmjopen.bmj.com/

“pham Ngoc Thach University of Medicine, Ho Chi Minh City, Viet Nam

47School of Economics, De la Salle University, Manila, Philippines

“*Department of Sport Science, Faculty of Education, University of Botswana,
Gaborone, Botswana

“Department of Public and Occupational Health, Amsterdam Public Health
Research Institute, Amsterdam University Medical Center, Vrije Universiteit
Amsterdam, Amsterdam, The Netherlands

SInstitute of Public and Preventive Health, Augusta University, Augusta, Georgia,
USA

5 Faculty of Medicine, University of Colombo, Colombo, Sri Lanka

Correction notice This article has been corrected since it first published. Author
name 'Anthony D Okely' has been updated.

Twitter Nicolas Aguilar-Farias @nicolasaguilar and Nyaradzai Munambah @
nyariemnambah

Acknowledgements We would like to thank the children, parents, educators and
research teams that contributed to the development of this protocol. Our thanks
also to PAL Technologies (Glasgow, Scotland) for support for the purchasing of
activPALs and the analysis of the data. Finally, we wish to thank the SUNRISE
Coordinating Centre staff at Early Start, University of Wollongong; MB, RC, KHC, PLC,
KEK, MN, LS and ET for their support.

Contributors Each listed chief investigator has, through their involvement in

the SUNRISE pilot study contributed to the formative work that underpins the
proposed final study protocol. The final study protocol was developed as an iterative
process with countries testing the measures, data collection procedures and data
management processes and providing feedback on what is feasible and culturally
acceptable. TO, JJR, MST, KEK, CD, AEIH, AF, JPG, HG, PTK, HL, BNP, TS and JW
contributed to the development of the protocol, drafting, review and approval of the
manuscript. ET, KHC, LS, MN, MB, PLC, RC, CA, NA-F, AB, JB, CHSC, PWPC, MC, FG,
ASH, MSH, XJ, AJ, PK, DHK, TVK, DK, AK, GHL, ML, NM, TM-V, JN, A0, JdP-C, BdP-C,
ER, AShi, PS, ASta, ASuh, CT, HKT, W-PT, MMT, DT, AT, SLCV, EKW, PW and DAW
reviewed and approved the final manuscript.

Funding American Council on Exercise, USA (N/A). Beijing Health System

High Level Talents Training Project, China (2015-3-88). Biomedical Research
Foundation, Dhaka, Bangladesh (BRF-19-01). Canadian Institutes of Health
Research Frederick Banting and Charles Best Canada Graduate Scholarship
(CGS-M). Canadian Institutes of Health Research Planning and Dissemination
Grant (155265). Civilian Research Development Foundation (CRDF) Global (OISE-
20-66864-1). Department of National Planning and Monitoring, PNG Government
(02704). Early Start, University of Wollongong, Australia (N/A). Faculty of Health
Sciences at the University of the Witwatersrand, Johannesburg, South Africa
(N/A). Fogarty International Center (FIC) of the National Institutes of Health (D43
TW010137) . Geran Universiti Penyelidikan (GUP), Universiti Kebangsaan Malaysia
(GUP-2018-142). Global Challenges Program, University of Wollongong, Australia
(888/006/497). Harry Crossley Foundation, South Africa (N/A). National Institute of
Education-Ministry of Education, Singapore (OER 04/19 TWP). Pham Ngoc Thach
University of Medicine, Vietnam (1319/QD-TDHYKPNT). Sasakawa Sports Research
Grant, Sasakawa Sports Foundation, Japan (190A2-004). Stella de Silva Research
grant from Sri Lanka College of Paediatricians, Sri Lanka (N/A). The DST-NRF
Centre for Excellence in Human Development at the University of Witwatersrand,
Johannesburg, South Africa (N/A). The International Society of Behavioral Nutrition
and Physical Activity, Pioneers Program (ISBNPA-2021). The University Research
Coordination Office of the De La Salle University, Philippines (29 IR S 3TAY19-
2021). Universidad de La Frontera Research Directorate, Chile (DI20-0093,
DFP19-0012, DI20-1002). WHO European Office for Prevention and Control of
Noncommunicable Diseases (N/A).

Map disclaimer The inclusion of any map (including the depiction of any
boundaries therein), or of any geographical or locational reference, does not imply
the expression of any opinion whatsoever on the part of BMJ concerning the legal
status of any country, territory, jurisdiction or area or of its authorities. Any such
expression remains solely that of the relevant source and is not endorsed by BMJ.
Maps are provided without any warranty of any kind, either express or implied.

Competing interests None declared.
Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

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
Katharina E Kariippanon http://orcid.org/0000-0003-4269-682X
Anna Kontsevaya http://orcid.org/0000-0003-2062-1536

REFERENCES

1 CarsonV, Lee EY, Hewitt L. Systematic review of the relationships
between physical activity and health indicators in the early years (0-4
years). BMC Public Health 2017;17:33-63.

2 Lea AJ, Tung J, Archie EA, et al. Bridging research in evolution and
human health. Evol Med Public Heal 2017;2017:162-75.

3 Poitras VJ, Gray CE, Janssen X, et al. Systematic review of the
relationships between sedentary behaviour and health indicators in
the early years (0-4 years). BMC Public Health 2017;17.

4 Rollo S, Antsygina O, Tremblay MS. The whole day matters:
understanding 24-hour movement guideline adherence and
relationships with health indicators across the lifespan. J Sport
Health Sci 2020;9:493-510.

5 UNICEF. The State of the World’s children 2019. Children, food and
nutrition: growing well in a changing World 2019.

6 Voce A. Cities alive: designing for urban Childhoods. Child Youth
Environ 2018;28:78.

7 Chaput J-P, Gray CE, Poitras VJ, et al. Systematic review of the
relationships between sleep duration and health indicators in the
early years (0-4 years). BMC Public Health 2017;17.

8 World Health Organization [WHO]. WHO guidelines on physical
activity, sedentary behaviour for children under 5 years of age, 2019.
Available: http://www.who.int/iris/handle/10665/311664

9 Tremblay MS. Introducing 24-hour movement guidelines for the
early years: a new paradigm gaining momentum. J Phys Act Health
2020;17:92-5.

10 Tremblay MS, Carson V, Chaput J-P, et al. Canadian 24-hour
movement guidelines for children and youth: an integration of
physical activity, sedentary behaviour, and sleep. App! Physiol Nutr
Metab 2016;41:S311-27.

11 Okely AD, Ghersi D, Hesketh KD, et al. A collaborative approach to
adopting/adapting guidelines - The Australian 24-Hour Movement
Guidelines for the early years (Birth to 5 years): an integration of
physical activity, sedentary behavior, and sleep. BMC Public Health
2017;17:869.

12 Monasta L, Batty GD, Cattaneo A, et al. Early-Life determinants of
overweight and obesity: a review of systematic reviews. Obes Rev
2010;11:695-708.

13 NCD Risk Factor Collaboration (NCD-RisC). Height and body-mass
index trajectories of school-aged children and adolescents from
1985 to 2019 in 200 countries and territories: a pooled analysis of
2181 population-based studies with 65 million participants. Lancet
2020;396:1511-24.

14 UNICEF. The State of the World’s Children 2017. Children in a Digital
World 2017.

15 Brockmann PE, Diaz B, Damiani F, et al. Impact of television on the
quality of sleep in preschool children. Sleep Med 2016;20:140-4.

16 Clark H, Coll-Seck AM, Banerjee A, et al. A future for the world’s
children? A WHO-UNICEF-Lancet Commission. The Lancet
2020;395:605-58.

17 de Lucena Martins CM, Lemos LFGBP, de Souza Filho AN, et al.
Adherence to 24-hour movement guidelines in low-income Brazilian
preschoolers and associations with demographic correlates. Am J
Hum Biol 2021;33:1-12.

18 Guan H, Zhang Z, Wang B, et al. Proportion of kindergarten children
meeting the who guidelines on physical activity, sedentary behaviour
and sleep and associations with adiposity in urban Beijing. BMC
Pediatr 2020;20:1-9.

16

Okely AD, et al. BMJ Open 2021;11:€049267. doi:10.1136/bmjopen-2021-049267

‘saifojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdod Aq palosalold
*1sanb Aq G20z ‘S Jaqwiadag uo jw oo fwg uadolway/:dny woly papeojumoq "TZ0Z 180190 GZ UO /9Z610-T202-uadolwa/9eTT 0T se paysiignd 1si1) :uado NG


https://twitter.com/nicolasaguilar
https://twitter.com/nyariemnambah
https://twitter.com/nyariemnambah
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4269-682X
http://orcid.org/0000-0003-2062-1536
http://dx.doi.org/10.1186/s12889-017-4849-8
http://dx.doi.org/10.1016/j.jshs.2020.07.004
http://dx.doi.org/10.1016/j.jshs.2020.07.004
http://dx.doi.org/10.7721/chilyoutenvi.28.2.0078
http://dx.doi.org/10.7721/chilyoutenvi.28.2.0078
http://dx.doi.org/10.1186/s12889-017-4850-2
http://www.who.int/iris/handle/10665/311664
http://dx.doi.org/10.1123/jpah.2019-0401
http://dx.doi.org/10.1139/apnm-2016-0151
http://dx.doi.org/10.1139/apnm-2016-0151
http://dx.doi.org/10.1186/s12889-017-4867-6
http://dx.doi.org/10.1111/j.1467-789X.2010.00735.x
http://dx.doi.org/10.1016/S0140-6736(20)31859-6
http://dx.doi.org/10.1016/j.sleep.2015.06.005
http://dx.doi.org/10.1016/S0140-6736(19)32540-1
http://dx.doi.org/10.1002/ajhb.23519
http://dx.doi.org/10.1002/ajhb.23519
http://dx.doi.org/10.1186/s12887-020-1969-6
http://dx.doi.org/10.1186/s12887-020-1969-6
http://bmjopen.bmj.com/

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Okely AD, Veldman SL, de Rosnay M. Relationships between
motor skill delay and executive functions in vulnerable children
aged 3-5 years. North Am Soc Study Psychol Sport Phys Act
2017;39:S34.

Wei QW, Zhang JX, Scherpbier RW, et al. High prevalence of
developmental delay among children under three years of age in
poverty-stricken areas of China. Public Health 2015;129:1610-7.
Veldman SL, Jones RA, Okely A. Prevalence and risk factors of
gross motor delay in Pre-schoolers from low-income communities. J
Pedlatr 2020;56:571-6.

Bello Al, Quartey JNA, Appiah LA. Screening for developmental delay
among children attending a rural community welfare clinic in Ghana.
BMC Pediatr 2013;13:119.

Bronfenbrenner U. Readings on the development of children. In:
ecological models of human development. New York: Freeman,
1993: 37-43.

United Nations - Department of Economic and Social Affairs
Population Division. World urbanization prospects 2014.
Katzmarzyk PT, Barreira TV, Broyles ST, et al. The International study
of childhood obesity, lifestyle and the environment (ISCOLE): design
and methods. BMC Public Health 2013;13:900.

Teo K, Chow CK, Vaz M, et al. The prospective urban rural
epidemiology (pure) study: examining the impact of societal
influences on chronic noncommunicable diseases in low-, middle-,
and high-income countries. Am Heart J 2009;158:1-7.

Taylor RW, Haszard JJ, Meredith-Jones KA, et al. 24-H movement
behaviors from infancy to preschool: cross-sectional and longitudinal
relationships with body composition and bone health. Int J Behav
Nutr Phys Act 2018;15:1-14.

Janssen X, Cliff DR, Reilly JJ, et al. Predictive validity and
classification accuracy of ActiGraph energy expenditure equations
and cut-points in young children. PLoS One 2013;8:e79124.

Smith C, Galland B, Taylor R, et al. ActiGraph GT3X+ and Actical
wrist and hip worn Accelerometers for sleep and wake indices

in young children using an automated algorithm: validation with
polysomnography. Front Psychiatry 2019;10:1-12.

World Health Organization [WHQ]. Training course on child growth
assessment 2008.

Reuben DB, Magasi S, McCreath HE, et al. Motor assessment using
the NIH Toolbox. Neurology 2013;80:S65-75. 11.

Clark JE, Damiano DL, Newell KM. Justification for and proposed
assessment of motor function. For the National Children’s study.
Unpubl Work Prod Doc 2014.

33

34

35

36

37

38

39

40

41

42

43

44

Ulrich D. Test of gross motor development 2: examiner’s manual. 2nd
ed. Austin, TX: PRO-ED, 2000.

Ulrich D. The test of gross motor development —Third Edition
(TGMD-3). 3rd ed. Austin, TX: PRO-ED, 2019.

Howard SJ, Melhuish E. An early years toolbox for assessing

early executive function, language, self-regulation, and social
development: validity, reliability, and preliminary norms. J
Psychoeduc Assess 2017;35:255-75.

UNICEF & WHO. Indicators for assessing infant and young child
feeding practices. World Heal Organ; WHA55 A55/:19, 2008.
Available: http://apps.who.int/iris/bitstream/handle/10665/44306/
9789241599290_eng.pdf?sequence=1%0Ahttp://whglibdoc.who.int/
publications/2008/9789241596664_eng.pdf%5Cnhttp://www.unicef.
org/programme/breastfeeding/innocenti.htm%5Cnhttp://innocenti15.
net/declaration

Coates J, Swindale A, Bilinsky P. HFIAS for measurement of food
access indicator guide. J Chem Inf Model 2013;53:1689-99.

World Health Organisation. The who stepwise approach to non-
communicable disease risk factor surveillance (steps), 2011.
Available: http://www.searo.who.int/entity/noncommunicable_
diseases/data/mmr_2009_steps_survey_report.pdf

Harris PA, Taylor R, Minor BL, et al. The REDCap Consortium:
building an international community of software platform partners. J
Biomed Inform 2019;95:103208.

Harris PA, Taylor R, Thielke R, et al. Research electronic data capture
(REDCap)--a metadata-driven methodology and workflow process
for providing translational research informatics support. J Biomed
Inform 2009;42:377-81.

Cohen J. Statistical power analysis for the behavioral sciences. 2nd
Ed. New York: Lawrence Erlbaum, 1988.

Cliff DP, McNeill J, Vella SA, et al. Adherence to 24-hour movement
guidelines for the early years and associations with social-cognitive
development among Australian preschool children. BMC Public
Health 2017;17:857.

Brakenridge CL, Fjeldsoe BS, Young DC, et al. Evaluating

the effectiveness of organisational-level strategies with or
without an activity tracker to reduce office workers' sitting
time: a cluster-randomised trial. Int J Behav Nutr Phys Act
2016;13:115.

Headley S, Hutchinson J, Wooley S, et al. Subjective and objective
assessment of sedentary behavior among College employees. BMC
Public Health 2018;18:768.

Okely AD, et al. BMJ Open 2021;11:€049267. doi:10.1136/bmjopen-2021-049267

17

saibojouyoal rejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybiAdos Aq paloaloid
"1s8nb Ag Gz0z ‘S Jaqwiadag uo jwodfwg uadolway/:dny woly pspeojumod "TZ0zZ 18403190 SZ U0 £9Z610-TZ0Z-uadolwa/9eTT 0T se paysiignd 1siy :uado CING


http://dx.doi.org/10.1016/j.puhe.2015.07.036
http://dx.doi.org/10.1111/jpc.14684
http://dx.doi.org/10.1111/jpc.14684
http://dx.doi.org/10.1186/1471-2431-13-119
http://dx.doi.org/10.1186/1471-2458-13-900
http://dx.doi.org/10.1016/j.ahj.2009.04.019
http://dx.doi.org/10.1186/s12966-018-0753-6
http://dx.doi.org/10.1186/s12966-018-0753-6
http://dx.doi.org/10.1371/journal.pone.0079124
http://dx.doi.org/10.3389/fpsyt.2019.00958
http://dx.doi.org/10.1212/WNL.0b013e3182872e01
http://dx.doi.org/10.1177/0734282916633009
http://dx.doi.org/10.1177/0734282916633009
http://apps.who.int/iris/bitstream/handle/10665/44306/9789241599290_eng.pdf?sequence=1%0Ahttp://whqlibdoc.who.int/publications/2008/9789241596664_eng.pdf%5Cnhttp://www.unicef.org/programme/breastfeeding/innocenti.htm%5Cnhttp://innocenti15.net/declaration
http://apps.who.int/iris/bitstream/handle/10665/44306/9789241599290_eng.pdf?sequence=1%0Ahttp://whqlibdoc.who.int/publications/2008/9789241596664_eng.pdf%5Cnhttp://www.unicef.org/programme/breastfeeding/innocenti.htm%5Cnhttp://innocenti15.net/declaration
http://apps.who.int/iris/bitstream/handle/10665/44306/9789241599290_eng.pdf?sequence=1%0Ahttp://whqlibdoc.who.int/publications/2008/9789241596664_eng.pdf%5Cnhttp://www.unicef.org/programme/breastfeeding/innocenti.htm%5Cnhttp://innocenti15.net/declaration
http://apps.who.int/iris/bitstream/handle/10665/44306/9789241599290_eng.pdf?sequence=1%0Ahttp://whqlibdoc.who.int/publications/2008/9789241596664_eng.pdf%5Cnhttp://www.unicef.org/programme/breastfeeding/innocenti.htm%5Cnhttp://innocenti15.net/declaration
http://apps.who.int/iris/bitstream/handle/10665/44306/9789241599290_eng.pdf?sequence=1%0Ahttp://whqlibdoc.who.int/publications/2008/9789241596664_eng.pdf%5Cnhttp://www.unicef.org/programme/breastfeeding/innocenti.htm%5Cnhttp://innocenti15.net/declaration
http://www.searo.who.int/entity/noncommunicable_diseases/data/mmr_2009_steps_survey_report.pdf
http://www.searo.who.int/entity/noncommunicable_diseases/data/mmr_2009_steps_survey_report.pdf
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1186/s12889-017-4858-7
http://dx.doi.org/10.1186/s12889-017-4858-7
http://dx.doi.org/10.1186/s12966-016-0441-3
http://dx.doi.org/10.1186/s12889-018-5630-3
http://dx.doi.org/10.1186/s12889-018-5630-3
http://bmjopen.bmj.com/

	Cross-­sectional examination of 24-­hour movement behaviours among 3- and 4-­year-­old children in urban and rural settings in low-­income, middle-­income and high-­income countries: the SUNRISE study protocol
	Abstract
	Introduction﻿﻿
	Methods and analysis
	Project leadership and management
	Sample selection
	Pilot study
	Patient and public involvement
	Training and capacity building
	Measures
	Primary outcome
	Secondary outcomes

	Gross motor skills
	Fine motor skills
	Executive function
	Parent questionnaire
	ECEC service questionnaire

	Outdoor air quality
	Data collection procedures
	Data analysis plan
	Main study sample size calculation
	Ethics and dissemination
	Ethics approval

	Quality assurance of data collection, storage and management
	Global impact of SUNRISE

	References


