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Abstract 

There are currently no global estimates of levels of movement behaviours (physical 

activity, sedentary behaviour, and sleep) in the early years (0-4 years of age). The 

purpose of this project was to assess the feasibility of the SUNRISE International 

Surveillance Study of Movement Behaviours in the Early Years by piloting the study 

in a sample of 4 year-old children in Ottawa. Secondarily, this project aimed to 

determine the proportion of these participants meeting movement guidelines, compare 

the proportion of participants meeting screen time recommendations from SUNRISE 

pilot studies in 8 countries, and contrast movement behaviour data measured by 

Actical and activPAL accelerometers. Feasibility of recruitment was assessed by the 

ability to recruit 100 participants attending childcare centres and schools. 

Additionally, participants completed study testing measures to assess the feasibility of 

the SUNRISE study protocols and measurement instruments. Adherence to physical 

activity recommendations was assessed by accelerometry, and sedentary 

behaviour/screen time and sleep adherence were assessed with questionnaire data. 

The overall target sample size was met (n=106), however the recruitment rate was 

low at only 16.1%. Issues were also identified with study accelerometers, 

questionnaires, and cognitive/motor skills tests. Only 19.8% of participants met the 

overall movement guidelines. Approximately half of participants from SUNRISE 

pilot studies were adhering to screen time recommendations and adherence differed 

by human development index category. Low reliability was found between Actical 

and activPAL measures of step counts and sedentary/sitting time with no systematic 
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biases. The results from this study will contribute to informing the main SUNRISE 

study.
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Introduction 

The early years of life, which many consider to be less than 5 years of age, are 

a sensitive period of brain and physical development, and arguably, the most critical 

period for healthy physical, social, motor, and cognitive development.1 A child’s 

development in the context of how they move throughout a typical day involves a 

combination of sleeping, sitting, standing, and different intensities of physical 

activity. Currently, there is a lack of knowledge about how these 24-hour movement 

behaviours influence one another, and how they relate to healthy development in 

young children, especially in low- and middle-income countries.  

The World Health Organization (WHO) recently developed movement 

guidelines for the early years,2 based on Canada’s3 and Australia’s4 integrated 24-

Hour Movement Guidelines for the Early Years, to increase awareness of the 

importance of healthy levels of movement behaviours in young children, and to 

provide internationally standardized benchmarks. These guidelines will be used by 

researchers to estimate the prevalence of healthy 24-hour movement behaviours 

across different countries and will enable cross-cultural comparisons to further inform 

local policy and practice. To date, no such studies have been undertaken using these 

new WHO Guidelines and there is a lack of global estimates of levels of movement 

behaviours in the early years.2  

This thesis addresses some of these research gaps, and constitutes the 

Canadian pilot for the main international surveillance study, the SUNRISE 

International Surveillance Study of Movement Behaviours in the Early Years 

(hereafter called SUNRISE). The main SUNRISE study intends to utilize the new 
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global movement guidelines to assess the state of healthy movement behaviours 

among young children across the world and to reveal possible associations with 

healthy development. This main study will involve the participation of numerous 

countries with diverse Human Development Index (HDI) backgrounds. HDI is a 

composite measure of a citizen’s capability to live a long and healthy life, to acquire 

knowledge, and to earn income for a basic standard of living in a given country.5 Pilot 

data aimed at informing the main study were collected from 4 year-old children 

attending childcare centres in eight countries representing a range of HDI 

backgrounds (Brazil, Canada, China, Papua New Guinea, South Africa, Sweden, 

United States, and Zimbabwe). This MSc project was focused on data collection and 

analysis for the Canadian (very high HDI) arm of the pilot, as well as a comparative 

analysis of the global screen time pilot data stratified by country HDI. In the 

Canadian arm of the pilot, data were collected from urban and rural 4 year-old-

children attending childcare centres and schools in and around the City of Ottawa to 

assess the feasibility of the SUNRISE study protocol in a Canadian context. 

The following section comprises a literature review of the early years, 

physical activity, sedentary behaviours, sleep behaviours, 24-hour movement 

behaviours, and assessing the feasibility of studies. The literature review includes 

research from across the life course (early childhood to adulthood), with emphasis 

placed on the early years and preschoolers (3-4 years old), and data coming from 

Canada.  
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Literature Review 

The Early Years 

The early years (0-5 years) are a critical period of growth and development 

that effectively sets the stage for the future acquisition of skills and learning during 

middle childhood and adolescence and into adulthood.1 As a young child develops, 

they progress through incremental milestones involving the progression of perceptual, 

motor, cognitive, language, socio-emotional, and self-regulation skills.6 Furthermore, 

as the importance of developmental plasticity during early life is being increasingly 

recognized, it is clear that the early years are an unparalleled period during which an 

individual’s developmental and health trajectories can be positively or negatively 

influenced.7 Developmental plasticity is defined as the potential for change in 

intrinsic characteristics during early life in response to external stimuli,8 and the first 

1000 days post-fertilization are a critical stage when it is possible to exploit this 

malleability.9 Lastly, as will be outlined in the following sections, the early years are 

a critical period for the promotion of physical activity and reduction of sedentary 

behaviours.8  

The Developmental Origins of Health and Disease 

 In the mid-1980s, David Barker developed the “Barker Hypothesis”, which 

posited that there was a link between early life environmental factors and diseases 

developed later in life.10 Barker, along with other researchers, noticed that although 

rising national prosperity was associated with an increased incidence of 

cardiovascular disease, the poorest groups within developed countries had the highest 

rates of cardiovascular disease.11–14 It was surmised that adverse environmental 
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influences in utero and during infancy put individuals at a greater risk of 

cardiometabolic diseases during adulthood.10 The “Barker Hypothesis” was 

subsequently renamed the Fetal Origin of Adult Disease, and is now known as the 

Developmental Origins of Health and Disease (DOHaD).15 The DOHaD hypothesis 

states that events during the first 1000 days post-fertilization can positively or 

negatively influence an offspring’s risk of future health issues.9 Heindel and 

Vandenberg compiled a list of common characteristics that environmental influences 

share. These common characteristics include specific sensitive periods, no apparent 

defects or malformations at birth, increased risk of disease or dysfunction after a 

period of latency, increased incidence or earlier onset or increased severity of disease, 

an effect modulated by genetic background, and potential transmission through the 

germ-line for intergenerational/transgenerational effects.15 In theory, these adverse 

environmental factors stimulate phenotypic changes in the fetus that allow it to 

survive, but that also result in long-term health consequences.8 

 By influencing cell differentiation and epigenetic DNA modifications, 

environmental factors are able to exploit developmental plasticity in utero and 

throughout the first years of life to influence future health.15 Various prenatal 

maternal factors can influence fetal growth and risk for various non-communicable 

diseases among their offspring.16 These factors include environmental toxin exposure 

(including air pollution), diet, stress, exercise, age, and longevity.16 Moreover, 

paternal factors can also exert an effect on offspring health during this period. As 

tissues are formed and stabilize, they become less susceptible to environmental 
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influences, and although some tissues are fully developed at birth, others continue to 

develop well into early childhood (e.g., brain, immune system, metabolic system).15  

For example, in the early years, research has shown that differing trajectories 

of body mass index (BMI) growth from birth to 5 years were associated with indices 

of body composition and markers of cardiometabolic health at 5 years.17 Analyses 

done on the same sample found that weight gain and weight after 48 months were 

more strongly correlated with adiposity and glucose metabolism at 5 years than the 

same measures at birth.18 Lastly, a longitudinal study following children from birth to 

9 years found that children who progressively increased their physical activity levels 

and maintained low screen time had better health-related quality of life and socio-

emotional outcomes compared to their peers who maintained low levels of physical 

activity and maintained low screen time or maintained low physical activity and 

increased screen time.19 

The Capacity-Load Model 

 The capacity-load model was developed by Jonathan Wells and integrates the 

life-course etiology to predict future non-communicable disease risk.20 The capacity-

load model introduces the concepts of metabolic capacity and metabolic load. 

Metabolic capacity refers to physiological traits that are shaped during the first 1000 

days by nutrition and growth and, facilitate long-term capacity for metabolic and 

cardiovascular homeostasis.20 Metabolic load refers to nutritional status and lifestyle 

factors across the life course that challenge homeostasis.20 The composite of an 

increased metabolic load and decreased metabolic capacity acts to increase an 

individual’s risk of non-communicable disease.20 In other words, this model provides 
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an integration of events occurring in early life and subsequent lifestyle factors in later 

life to explain susceptibility to non-communicable diseases.20 The capacity-load 

model has been used to explain diabetes prevalence in relation to obesity across 

cultures.21  

Life-Course Theory 

The life-course theory also proposes that cross-sectional factors and exposures 

throughout periods of life accumulate longitudinally in later life.22 Consistent with 

previous theories, the life-course theory emphasizes the importance of exposures in 

early life and through to adulthood, which influence adult health and mortality risk.8 

Additionally, the life-course approach recognizes that life experiences are governed 

by the broader social, economic, and cultural context.8 Factors that have been noted to 

impact health and well-being throughout the life-course include behavioural factors 

(alcohol consumption, smoking, physical activity, diet and nutrition), environmental 

factors, and psychosocial factors.8 

Healthy Development  

 Infancy and early childhood are characterized by a number of physical, social, 

and emotional developmental milestones.8 These milestones include the formation of 

healthy patterns of eating and activity, developing self-regulation/language/cognitive 

domains, and developing important learning skills.8 Interactions with the environment 

during the early years shapes the brain, stress systems, capacity to learn, and future 

health of children.23  

Research on the state of children’s development in Canada suggests that one-

quarter of children begin school without the necessary physical, social, emotional, 
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and cognitive skills to succeed in that context.23 For example, approximately 27% of 

Canadian senior kindergarteners were found to have at least one measure of either 

physical, social, emotional, or cognitive development that was considerably below the 

levels of their Canadian peers.24 Of note, potentially two-thirds of these 

developmental vulnerabilities are preventable,25 which is critical because persistent 

vulnerabilities negatively impact academic performance, reduce well-being, and 

decrease odds of working in a satisfying job as an adult.26 Therefore, it is imperative 

that interventions target the early years to promote healthy development into later 

childhood and adulthood.  

Physical Activity 

Physical activity is defined as any body movement that is produced by the 

skeletal muscles, and that results in a substantial increase of energy expenditure over 

resting levels.27 Physical activity can come in various forms and in adults often 

includes walking, sports, active recreation, active work, and domestic tasks.28 In 

contrast, young children often get large amounts of physical activity through more 

unstructured means such as through play and inventing active ways of passing time.29 

As children get older they begin engaging in physical activity more through organized 

sports that can be formal (clubs and teams) or informal (parks and playgrounds).29 In 

addition, physical activity can range from elective activities to activities that are 

necessary or mandatory within an individual’s context.28 Physical activity is said to 

exist along a continuum and can range from light, to moderate, to vigorous, to high 

intensity.30 Physical inactivity is defined as insufficient physical activity levels to 

meet current physical activity recommendations.31 Physical inactivity is thought to be 
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responsible for 6-10% of all deaths from non-communicable diseases32, which in 

2007 represented an estimated 5.3-5.7 million deaths globally.33 

Physical Activity and Health 

The health benefits of sufficient physical activity have been noted from as 

early as 600 B.C. when the Indian physician Susrata prescribed physical activity to 

prevent and treat diseases and conditions such as obesity and diabetes.34 Although 

Susrata’s recommendations were not necessarily based on rigorous scientific 

evidence, his teachings paved the way for future research that would end up 

confirming his intuitions.  

Results from a systematic review on physical activity and health among adults 

and older adults provide overwhelming evidence that regular exercise reduces risk for 

premature all-cause mortality, cardiovascular disease, stroke, hypertension, colon 

cancer, breast cancer, type 2 diabetes mellitus, and osteoporosis.35 These findings 

suggest that not only is sufficient physical activity an important factor in the 

prevention of multiple chronic diseases, but due to the commonly observed linear 

dose-response relationships, increasing levels of physical activity provide increasing 

health benefits.35 In addition, a more recent systematic review of longitudinal studies 

of physical activity and health found that physical activity had a consistent long-term, 

positive influence on weight gain, obesity, coronary heart disease, type 2 diabetes 

mellitus, dementia, and Alzheimer’s disease.36 

Among school-aged children and youth (5-17 years-old), systematic reviews 

have identified similar health benefits associated with physical activity.37,38 There is 

strong evidence suggesting that in children and youth, total physical activity is 
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associated with favourable adiposity, cardiometabolic biomarkers, physical fitness, 

and bone health.38 Weaker evidence also suggests that total physical activity benefits 

quality of life, motor skill development, and psychological stress.38 While generally 

more and higher intensity physical activity was related to more robust and consistent 

associations than less and lower intensity physical activity, all patterns of physical 

activity appeared to provide a health benefit.  

Although there has been considerable research evaluating the relationships 

between physical activity and health among children, youth, and adults, the same 

cannot be said for research involving the early years. This dearth in research is salient 

given the importance of the early years as a critical period of rapid physical, 

cognitive, social, and emotional development.39 Despite this, working with the 

existing minimal low-quality evidence, systematic reviews investigating the 

relationships between physical activity and health in the early years have still found 

physical activity to be consistently associated with improved motor development, 

cognitive development, psychosocial health, cardiometabolic health, fitness, as well 

as bone and skeletal health.40–44 Relationships related to fitness are especially relevant 

given that it (mainly cardiorespiratory fitness and muscular strength) is an important 

preventative health factor among children and adolescents.45 Additionally, in the 

review by Carson and colleagues,40 it was found that higher intensities of physical 

activity in preschool-aged children were consistently favourably associated with 

multiple health indicators (e.g., motor development, psychosocial health, 

cardiorespiratory fitness, and bone and cardiometabolic health) while lower 

intensities were not. Although favourable relationships were also observed between 
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total physical activity and health indicators, these findings suggest that 

developmentally appropriate higher intensity physical activity may be necessary for 

health benefits among young children.40 These findings have important potential 

implications when considering that previous research showed preschool-aged children 

accumulate most of their physical activity at a light intensity.46–48 Consequently, high 

intensity physical activity is recommended as a target of future research on children 

in the early years. Moreover, the authors of the systematic reviews heavily caution 

that the evidence available is of relatively low quality, and there is a need for 

additional high quality and robust studies.40,44 

Correlates and Determinants of Physical Activity 

The previously stated systematic reviews also provide evidence that physical 

activity levels in the early years is predictive of levels in later childhood44 and into 

adulthood.49 This tracking emphasizes the need to promote and help establish optimal 

levels of physical activity in the early years, in order to prevent physical inactivity 

later in life. In terms of correlates and determinants of physical activity in the early 

years, a review by Bingham and colleagues50 found that greater total physical activity 

in the early years was positively correlated with male sex, parental physical activity, 

parental support, and time spent outdoors. The authors also reported that the sex of 

the child and time spent playing with parents were determinants of total physical 

activity. Additionally, only sex (male) was found to be a positive correlate of higher 

intensity physical activity. These findings highlight the influence of various domains 

of the socio-ecological model and that sex-based disparities, that characterize 

physical activity in older ages,51 may need to be addressed in early childhood. 
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Measuring Physical Activity 

A variety of subjective and objective methods are employed to measure 

physical activity.52 Subjective measures (e.g., diaries, recall questionnaires) are 

indirect methods that are commonly used to assess physical activity due to their 

versatility, low-cost, and easy use.52 However, studies indicate that subjective 

measures may both over- and under-estimate actual physical activity levels,53,54 have 

poorer reliability and validity,55 recall and interpretation bias,52 and limitations when 

recording short, spontaneous bouts of LPA.52 Conversely, objective measures (e.g., 

accelerometers, pedometers, heart rate monitors, doubly labeled water) are used to 

directly assess specific domains of physical activity and are able to capture a wide 

range movement data (e.g., steps, mins of activity, intensity of activity, length of 

bouts of physical activity).55 Some research suggests that relative to subjective 

measures, objective measures are more precise,56 collect a broader range of data,54 

and provide a more continuous quantification of free-living physical activity.57  

Accelerometry is increasingly being used as a method of objectively 

measuring habitual physical activity. This is especially useful in pediatric populations 

in which subjective methods tend to overestimate physical activity and may not fully 

capture the sporadic and intermittent physical activity of a young child.58 

Accelerometers are able to measure the magnitude and total volume of an individual’s 

movement over a specified period of time, although they are limited to measuring the 

movement of only the body part that they are affixed to.58 Common locations for 

accelerometer placement include the wrist, ankle, thigh, lower back, hip, and 

umbilicus.58 Among preschoolers, accelerometers have been typically worn over the 
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right hip with an elastic belt,59–61 however there is a lack of studies adequately 

investigating the optimal placement of accelerometers in young children.58 Inside of 

the accelerometers, electrical charges generated by accelerations are filtered, 

converted to activity counts, and then summed over a period, known as an epoch.58 

The selected epoch length (e.g., 1 sec, 15 sec, 60 sec) is user defined and varies 

depending on the capability/memory size of the device, desired outcome, and age 

group of participants. Several studies recommend the use of shorter epochs (i.e., 15 

sec or less) for capturing the sporadic bursts of physical activity that are characteristic 

of preschoolers.62–64  

Physical Activity Guidelines 

In recognition of the importance of the relationship between physical activity 

and health, from 1998-2002, Health Canada and the Canadian Society for Exercise 

Physiology (CSEP) released physical activity guides for school-aged children, youth, 

adults, and older adults.65 In 2011, with leadership from CSEP, new Canadian 

physical activity guidelines were developed and released across the previously 

mentioned age groups.66 However, it was not until 2012 when guidelines for the early 

years were developed and released.67 These guidelines were developed by an expert 

panel and informed by a systematic review.44 These guidelines included 

recommendations for infants (aged <1 year), toddlers (aged 1-2 years), and 

preschoolers (3-4 years). Specifically, for preschoolers, these guidelines 

recommended accumulating at least 180 mins of physical activity at any intensity 

spread throughout the day and progressing toward 60 mins of energetic play by 5 

years of age. These guidelines set the stage for the future development of physical 
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activity guidelines in other jurisdictions, guidelines for sedentary behaviour, and 24-

hour movement guidelines. 

Physical Activity Trends and Prevalence 

The implications of the adverse relationships between physical inactivity and 

health are especially salient given that developed nations have transitioned into 

societies characterized by high levels of sedentarism, and developing nations are 

trending along a similar path of decreased physical activity.68 In what Katzmarzyk 

and Mason coin as the “physical activity transition”, societal changes leading to 

greater levels of sedentary behaviour conspire to attenuate the life expectancy benefits 

that countries undergoing economic transition stand to gain.68 

Recent global data published in 2019 suggests that 77.6% of boys and 84.7% 

of girls aged 11-17 years are insufficiently physically active.69 Furthermore, 

according to 2018 data it is estimated that 23.3% of adults are physically inactive.70 

Due to the high prevalence, global reach, and health consequences of physical 

inactivity, the term “pandemic of physical inactivity” has gained traction.33 

In terms of the early years, a study by Colley and colleagues estimated that 

14% of 5 year-old Canadian children are meeting the physical activity guideline of 60 

mins of daily moderate-to-vigorous physical activity (MVPA).46 In addition, a 

systematic review reported that young children 2-5 years-old spend 4%-33% of their 

time in light-intensity physical activity and 2%-41% in MVPA.48 Despite these 

varying estimates, there remains a significant lack of data on the early years and there 

are no current global estimates of physical inactivity prevalence among this age 

group. 
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Economic Impact of Physical Inactivity 

Physical inactivity poses a significant economic burden to healthcare systems. 

In Canada, the economic burden associated with physical inactivity was estimated at 

$6.8 billion in 2009, which represented 3.8% of healthcare spending.71 Globally, 

estimates from 2013 suggest that physical inactivity cost healthcare systems $53.8 

billion.72 In order to address the high prevalence and costs of global physical 

inactivity, in 2018 WHO member states endorsed a global action plan on physical 

activity and agreed on the target of a 15% relative reduction in physical inactivity 

among adolescents by 2030.69 

Sedentary Behaviour 

Sedentary behaviour is defined as any waking behaviour characterized by an 

energy expenditure of less than 1.5 metabolic equivalents of task (METs), while in a 

sitting, reclining, or lying posture.31 A MET is defined as the rate of energy spent, 

relative to mass, during an activity.73 Sedentary behaviour was once considered to be 

simply the extreme low end of the physical activity continuum. However, it is now 

being considered a distinct field of research separate from physical activity as shown 

by emerging evidence highlighting the negative independent health effects of 

prolonged sedentary behaviour.74 Sedentary behaviour, like physical activity, can 

come in many diverse forms, such as sitting, watching TV, reading, using 

computers/cellphones, and travelling in a motorized vehicle.75 Additionally, sedentary 

behaviour is important through its inherent association with physical activity, 

whereby time spent being sedentary is time lost potentially engaging in  physical 

activity.75 This trend is supported by evidence showing inverse associations between 
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sedentary behaviour and physical activity.76 Screen time is a common source of 

sedentary behaviour and has been the focus of much of the research surrounding 

sedentary behaviour. As such, screen time will be described separately in a following 

section. 

Health Effects of Sedentary Behaviour 

Systematic reviews indicate that high sedentary behaviour in adults is 

associated with depressive symptoms, poorer quality of life, type 2 diabetes, all-cause 

mortality, and cardiovascular disease mortality.74,77,78 A separate systematic review of 

longitudinal studies found consistent unfavourable relationships between self-

reported sedentary behaviour and mortality as well as weight gain from childhood to 

adulthood.79  

Among children and adolescents, systematic reviews show that sedentary 

behaviour adversely impacts obesity, blood pressure, total cholesterol, self-esteem, 

social behaviour problems, and physical fitness.80 In contrast, higher durations of 

reading and doing homework are positively associated with improved academic 

achievement.81 Another systematic review concluded that there was limited evidence 

supporting a relationship between volume and patterns of sedentary behaviour and 

health after accounting for MVPA.82 In light of these mixed results, it is important to 

consider the context of sedentary behaviour as a determinant of associated health 

outcomes. 

With respect to young children, a systematic review found that associations 

between reading or storytelling and cognitive development were either favourable or 

null, and that associations between time spent seated/supine and adiposity and motor 
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development were primarily unfavorable or null.83 The authors of this review 

speculated that, although the findings suggest that the volume of sedentary time may 

have a negligible impact on health, the context and mode of sedentary time are 

important influencers of health effects. Indeed, not all sedentary behaviours are bad 

and it is therefore important to categorize sedentary behaviours into meaningful 

categories. Sedentary behaviour in the early years is also concerning because 

evidence suggests that these behaviours track at moderate levels throughout 

childhood and into adulthood.84,85  

Correlates of Sedentary Behaviour 

Research has identified a number of correlates of sedentary behaviour. Among 

children and adolescents 7-18 years-old, sedentary behaviour has been correlated with 

age, physical maturity, gender, ethnicity, socioeconomic status, location, 

week/weekend day, neighborhood satisfaction, access, emotional and physical health 

status, risk behaviours, family and social influences, physical activity, and nutrition.86 

In contrast, a systematic review of sedentary behaviour correlates among preschool-

aged children was unable to identify consistent correlates of sedentary behaviour.87 

Recent data from 3-4 year-olds participating in studies included in the International 

Children’s Accelerometry Database (ICAD) suggests that sedentary time is positively 

correlated with sex (girls), winter, higher parental education, greater daylight hours, 

and weekdays.88  

Prevalence and Economic Impact of Sedentary Behaviour 

As a relatively new field, there is somewhat a lack of surveillance data on the 

prevalence of sedentary behaviour. As previously described, there are numerous 
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studies examining the economic costs of physical inactivity; however, there is a 

dearth of literature on the economic costs of sedentary behaviour due to its conflation 

with physical inactivity. 

Data from the National Health and Nutrition Examination Survey (NHANES) 

(2001-2016) suggests that between 2007-2016 total sitting time (hrs per day) 

increased among American adolescents (7.0 hrs to 8.2 hrs) and adults (5.5 hrs to 6.4 

hrs).89 Based on 2003-2007 data from the Global School-based Student Health 

Survey, it is estimated that the global prevalence of sedentary behaviour (3 or more 

hrs per day in sitting activities) was 32.7% for boys and 34.5% for girls 13-15 years-

old.90 In a systematic review evaluating sedentary time during after-school hours 

among children and adolescents aged 5-18 years, it was estimated that children spent 

41-51% of their time being sedentary while adolescents spent 57%.91  

In the early years, based on the results from a systematic review, it is 

estimated that young children spend 51.4% of their waking time in sedentary 

behaviours with girls being more sedentary than boys.92 Data from the Canadian 

Health Measures Survey (CHMS) suggests that 3-4 year-old children spend 50% (5.8 

hrs) of their waking time per day engaged in sedentary behaviour and 5 year-olds 

spend 53% (6.4 hrs) of their waking time being sedentary.46 Relative to physical 

activity, far less research has focused on sedentary time in the early years. 

 To date, there have not been any studies evaluating the economic cost of 

sedentary behaviour as an exposure independent of physical inactivity.  As previously 

outlined, evidence suggests that the health effects of sedentary behaviour are 

independent from those of physical inactivity, therefore it is essential to also treat the 
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economic consequences of sedentary behaviour independently. Further research is 

needed to quantify the costs associated with sedentary behaviour, which are likely to 

be high given the known prevalence and health effects of the exposure. However, this 

novel economic analysis is outside of the scope of this thesis. 

Sedentary Behaviour Guidelines 

In recognition of the importance of sedentary behaviour, independent of its 

relation to physical activity, the Healthy Active Living and Obesity (HALO) 

Research Group at the Children’s Hospital of Eastern Ontario Research Institute and 

the CSEP developed Canadian Sedentary Behaviour Guidelines for Children and 

Youth.93 These guidelines recommend that children and youth (5-17 years-old) 

should limit recreational screen time to less than 2 hrs per day, with less screen time 

being better, and to limit sedentary transport, extended sitting time, and time spent 

indoors throughout the day.93 Later, with mounting evidence regarding the 

importance of sedentary behaviour in the early years, the CSEP released Canadian 

Sedentary Behaviour Guidelines for the Early Years.94 These guidelines stratified 

recommendations by age groups and recommended that infants (<1 year-old), 

toddlers (1-2 years-old), and preschoolers (3-4 years-old) should minimize their 

sedentary time during the day and not be seated or restrained for more than an hour at 

a time. These guidelines also recommend that children under 2 years-old should have 

no screen time and those 2-4 years-old should get no more than 1 hr of screen time 

per day. 
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Screen Time 

 Screen time is defined as time spent on screen-based behaviours, which can be 

performed while being sedentary or physically active31 and includes TV viewing, 

playing video games, and using computers/tablets and smartphones.95 Screens have 

now become ubiquitous within our societies,95 and in recognition of the significance 

of screens as direct contributors to sedentary behaviours, screen time is often singled 

out as the specific sedentary exposure of interest in studies.  

Screen Time and Health 

A number of studies and systematic reviews have examined the relationships 

between screen time and health. In a study of Scottish adults, TV and screen-based 

entertainment were found to be negatively associated with mental health scores.96 A 

longitudinal cohort study found that increased TV viewing in childhood and 

adolescence was associated with a number of negative health outcomes such as 

obesity, poor fitness, and raised cholesterol as adults.97 With respect to school-aged 

children, results from a systematic review suggest that higher durations and/or 

frequencies of screen time/TV viewing/video game use are associated with 

unfavourable body composition, higher clustered cardiometabolic risk scores, lower 

fitness, lower self-esteem, and unfavourable behavioural conduct and pro-social 

behaviour.81 Additionally, there was evidence of a dose-response relationship, 

whereby incrementally less screen time was associated with better health outcomes.81 

However, findings from these studies were often mixed and included low-quality 

evidence. 
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In the early years, based on the findings of a systematic review examining 

associations between sedentary behaviour and health indicators, screen-based 

sedentary behaviours were largely null or adversely associated with adiposity, motor 

or cognitive development, and psychosocial health.83 In addition, a study in 2019 

found that screen time in early childhood was associated with poorer social skills.98 

Despite this evidence suggesting adverse associations between screen time 

and health, some researchers have concluded that there is weak evidence to support 

the need for specific screen time limits.99,100  These researchers claim that the 

equivocal evidence for associations between screen time and health among young 

people calls for an individualized approach where screen time is addressed on a case-

by-case basis without overarching recommendations.100 They largely attribute the 

adverse associations of screen time on health among young people to the 

displacement of time that could be dedicated to other beneficial activities (physical 

activity, socializing, sleep).100 However, the debate surrounding public health 

approaches to addressing screen time are beyond the scope of this thesis, and 

discussions regarding screen time will follow Canadian recommendations and 

guidelines, which endorse a more precautionary and conservative approach to screen 

time. 

Correlates of Screen Time 

A systematic review found non-Caucasian ethnicity to be positively associated 

with time spent watching TV from preschool to adolescence.101 Studies have also 

shown that sleep and physical activity were inversely related to screen time, whereas 

energy intake and computer use were positively associated with TV viewing, and age 
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was positively associated with TV viewing among preschoolers.87,101 Parental rules 

on screen use in preschoolers were also found to be inversely related with screen time 

in a small number of studies.87 Another systematic review of children under 3 years of 

age found that child BMI, maternal distress/depression, television viewing time of the 

mother, and cognitive stimulation in the home were positively associated with screen 

time.102  

Prevalence of Screen Time 

Results from the International Study of Childhood Obesity, Lifestyle and the 

Environment (ISCOLE) indicated that 54.2% of children in the 12 country study were 

not meeting screen time guidelines (no more than 2 hrs recreational screen time per 

day).103 Recently, another study revealed that 79% of 2 year-olds and 95% of 3 year-

olds were not meeting screen time recommendations.104 Additionally, data from the 

CHMS suggest that only 22% of 3-4 year-old Canadian children are meeting screen 

time recommendations (no more than 1 hr of screen time per day for 3-4 year-

olds).105 Another study in Kingston, Ontario, found that less than half (45.8%) of 2-4 

year-old children were meeting screen time-related sedentary behaviour guidelines.106 

Overall, this high prevalence of excessive screen time potentially exposes a 

significant proportion of children to a range of associated negative health indicators. 

Additional research is needed to provide global estimates of screen time in the early 

years. 

Sleep 

Sleep, along with physical activity and sedentary behaviour, is an integral 

component of the movement behaviour continuum.107 Sleep medicine began as a field 
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largely concerned with sleep disorders.108 Recently, sleep deficiency has been 

receiving increased attention.109 Sleep health can be defined in terms of sleep 

duration, sleep efficiency, timing, alertness/sleepiness, and quality.108 Sleep duration 

refers to the total amount of sleep obtained during a 24 hr period. Sleep efficiency is 

defined as the ease of falling asleep, staying asleep and returning to sleep. Sleep 

timing is the placement of sleep within the day. Alertness/sleepiness is the ability to 

maintain attentive wakefulness. Sleep satisfaction/quality is the subjective assessment 

of good or poor sleep.108 Sleep duration decreases substantially from early childhood 

to adolescence and shifts timing to occur generally at night.110 Sleep time and its 

relationship with health outcomes has been proposed to be U-shaped whereby both 

too much and too little sleep can be detrimental to health.111 However, the peaks of 

this curve are not equal, and although the adverse health effects of sleep deficits are 

well established, excess sleep is more often associated with other health problems.111  

Sleep and Health 

The majority of systematic reviews evaluating relationships between sleep and 

health have exclusively examined sleep duration as the sleep characteristic of 

interest.112 However, recently, the other domains of sleep have begun to receive more 

research interest.112 In adults, sleep disruptions have been found to be associated with 

a variety of negative short- and long-term health outcomes such as increased stress 

responsivity, psychosocial issues, cardiovascular and metabolic issues, and increased 

mortality.113 Additionally, multiple meta-analyses found that inadequate and 

excessive sleep were associated with a greater risk for all-cause mortality.114,115 

Among children and youth, shorter sleep duration was shown to be associated with 
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higher adiposity indicators, worse emotional regulation, poorer academic 

achievement, and lower quality of life/well-being.111 A meta-review of sleep and 

health among children also found substantial evidence supporting the positive 

relationship between sleep duration and improved adiposity and favourable emotional 

outcomes.112 Weak and inconsistent evidence was found for the relationship between 

sleep duration and metabolic syndrome in children.112 

Evidence on early years children indicates that longer sleep duration has 

favourable associations with adiposity, emotional regulation, growth, screen time, and 

risks/injuries, but no clear associations with cognitive development, motor 

development, or physical activity.116 This review concluded that there is a significant 

lack of research on sleep and health in early years children.116 In another systematic 

review, it was found that higher quantity or quality of sleep was associated with 

improved behavioural/cognitive outcomes in preschoolers although strengths of 

associations were relatively weak.117 Overall, there is a need for more large 

longitudinal studies to effectively elucidate relationships between various sleep 

characteristics and health in the early years. 

Correlates and Determinants of Sleep 

A systematic review of longitudinal studies revealed that age, screen time, 

previous sleep patterns, and difficult temperament were determinants of sleep 

duration in children 4-12 years-old.118 This same study found that having a regular 

weekly schedule was a determinant of sleep timing.118 Another cohort study found 

that black, Hispanic, and Asian children had a greater prevalence of chronic sleep 

duration curtailment from infancy to mid-childhood.119 Children from lower 
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socioeconomic status and those from families with increased TV viewing had greater 

sleep curtailment, defined as shortened sleep duration relative to age-specific 

means.119 Among Canadian preschoolers, based on data from the CHMS, being non-

white and having a low household income were correlates of short sleep.120  

Daytime napping is common among young children. As children increase in 

age, the amount of time allocated to napping decreases.110 For example, one study 

found that 56% of 3-5 year-old children were found to nap at daycare on 3 

consecutive days, and 10% did not nap on any of the 3 days.121 However, by the time 

a child reaches the age of 6 years, the proportion of children who nap regularly 

appears to drop to under 10%.122 

Of concern, it appears that children are getting less sleep over time. Data 

collected between 1905 to 2008, indicated that sleep duration among children and 

adolescents is on the decline, with an average decline of -0.75 mins of sleep per 

year.123 This trend puts an increasing number of children and adolescents at increased 

risk of various adverse health outcomes associated with insufficient sleep. Results 

from a systematic review indicate that toddlers/preschoolers average 11.9 hrs of sleep 

per night and children average 9.2 hrs.124 Data from the Canadian site of the Health 

Behaviour in School-aged Children study indicate that 68% of children 10-13 years-

old and 72% of adolescents 14-17 years-old have sleep durations that meet current 

recommendations.125 In addition, results from the CHMS show that 32.4% of 6-13 

year-olds and 42% of 14-17 year-olds reported trouble going to sleep or staying 

asleep.126 Data from cycles 2 and 3 of the CHMS also suggest that the proportion of 

Canadians meeting sleep duration recommendations decreases with age, from 81% in 
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preschoolers to 53% in older adults.120 In a recent publication based on CHMS data, it 

was reported that 83.9% of preschoolers were meeting sleep duration 

recommendations.127 The literature on sleep in the early years is clearly lacking and 

there is the need for large international studies to provide meaningful estimates of 

healthy sleep prevalence in the early years. Furthermore, most research is focused on 

sleep duration, which downplays the importance of the other characteristics of sleep 

and potentially overlooks important sleep-health relationships.  

Economic Impact of Insufficient Sleep 

Based on an Australian study it was estimated that inadequate sleep cost the 

country $45.21 billion in 2016-2017.128 Another study estimates that across the 

United States, United Kingdom, Japan, Germany, and Canada, insufficient sleep costs 

nations $680 billion every year.129 In Canada specifically, it was estimated that 

insufficient sleep costs Canadians USD $21.4 billion per year and results in a loss of 

80,000 working days each year.129 

Sleep Guidelines 

In 2015, in recognition of the important health implications of suboptimal 

sleep, the National Sleep Foundation in the U.S. released sleep duration 

recommendations for children, adolescents, and adults based on expert concesus.130 

These recommendations state that for optimal health newborns should get 14-17 hrs 

of sleep, 12-15 hrs for infants, 11-14 hrs for toddlers, 10-13 hrs for preschoolers, 9-11 

hrs for school-aged children, 8-10 hrs for teenagers, 7-9 hrs for young adults and 

adults, and 7-8 hrs for older adults per day.130 The recommendations for newborns to 

preschoolers include time spent napping. In 2016, the American Academy of Sleep 
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Medicine released their own sleep duration recommendations, which generally 

aligned with those previously published by the National Sleep Foundation.131,132  As 

will be described in the following section, Canadian specific sleep guidelines for 

children were not released until the release of integrated 24-Hour Movement 

Guidelines for Children and Youth and 24-Hour Movement Guidelines for the Early 

Years, which included recommendations for sleep along with physical activity and 

sedentary behaviour.3,133 Before the release of these guidelines some Canadian 

organizations had issued sleep health recommendations, however they were not 

developed using robust methods nor primarily evidence informed.134 

24-Hour Movement Behaviours  

 Physical activity, sedentary behaviour, and sleep share numerous common 

correlates and determinants,133 and are the interrelated categories that constitute the 

movement continuum over a 24-hour period.107 Considering the wealth of evidence 

indicating that physical activity, sedentary, and sleep behaviours are important for 

health across all ages, it is clear that movement behaviours across the whole day 

matter. Not only is it important to maximize physical activity for optimal health, but it 

is also critical to limit sedentary behaviour and accumulate adequate amounts of 

quality sleep. In children, on average, total physical activity makes up ~20% of the 

day with the remaining proportion consisting of sleep (~40%) and sedentary 

behaviours (~40%).135 Evidence suggests that the health effects of varying levels of 

movement behaviours are interactive and unhealthy levels in one domain may 

attenuate the benefits associated with healthy levels in another domain.135 Vice-versa, 

it is also possible that increasing levels of physical activity can reduce the negative 
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effects of inadequate sleep or excessive sedentary behaviour.135 In addition, time 

spent in one movement behaviour may influence time spent in another. For example, 

data on adolescents from the Youth Risk Behavior Survey System demonstrated that 

≥60 mins of daily physical activity and limited computer use (sedentary behaviour) 

were associated with higher odds of getting sufficient sleep.136 

24-Hour Movement Behaviours and Health 

Further supporting the importance of all movement behaviours, a cross-

sectional study of American children from the Midwest found that the odds of being 

obese decreased with the increasing number of movement behaviour 

recommendations met.137 Given that movement behaviours exist as domains on the 

same finite scale (24-hour period); physical activity, sedentary behaviour, and sleep 

are inherently collinear and codependent.138 Therefore, correlational studies that 

include multiple movement behaviours in regression models are prone to spurious 

and inconsistent results.139 To address this limitation, compositional analyses were 

introduced to the field of movement behaviours, whereby the effects of a behaviour 

are interpreted as a proportion relative to the other behaviours that compose the finite 

whole.138 This is in contrast to traditional analyses where behaviours are assumed to 

be independent of one another. Based on compositional analyses of physical activity, 

sedentary time, and sleep duration data of children and youth from the CHMS cycles 

1-3, it was found that the composition of movement behaviours was associated with a 

variety of health indicators such as obesity risk markers, behavioural strengths and 

difficulties scores, systolic blood pressure, aerobic fitness, and multiple 

cardiometabolic risk biomarkers.139 Additionally, it was found that replacing MVPA 
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with increased time spent in other movement behaviours had the greatest negative 

impact on health.139  

 Another compositional analysis using NHANES data found that the 

distribution of time spent in sleep, sedentary behaviour, light physical activity (LPA), 

and MVPA was significantly associated with BMI, waist circumference, triglycerides, 

plasma glucose, plasma insulin, and systolic and diastolic blood pressure in adults.138 

These analyses found that the strongest adverse effects were evident when sedentary 

behaviour replaced MVPA.138 Overall, the authors found that decreasing sedentary 

time and maintaining or increasing MVPA were associated with favourable 

cardiometabolic profiles and health risks were greater when time spent in MVPA was 

exchanged for time in sedentary behaviour compared to when it was exchanged for 

LPA.138 An additional, compositional analysis that used CHMS data from adults 

found beneficial associations between increased time spent in MVPA relative to time 

spent in other behaviours for BMI, waist circumference, aerobic fitness, resting heart 

rate, high-density lipoprotein cholesterol, triglycerides, blood glucose, and insulin 

levels.140 Additionally, a systematic review of isotemporal substitution studies found 

that exchanging sedentary time for time spent in LPA or MVPA was associated with 

reduced mortality risk, with greater benefits associated with time spent in higher 

intensities of physical activity.141 Following a similar pattern, favourable adiposity 

indicators were associated with sedentary time being substituted for time spent in 

physical activity.141  

 A systematic review of combinations of movement behaviours and health 

outcomes found that children and youth with high physical activity, high sleep, and 
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low sedentary behaviour had more favourable adiposity and cardiometabolic risk 

profiles than those with low physical activity, low sleep, and high sedentary 

behaviour.142 Favourable combinations of two movement behaviours (high physical 

activity/high sleep and high physical activity/low sedentary behaviour) were 

associated with benefits to cardiometabolic health, adiposity, and fitness compared to 

corresponding unfavourable movement behaviour combinations.142 High sleep and 

low sedentary behaviour was associated with improved cardiometabolic health 

relative to low sleep and high sedentary behaviour.142 Furthermore, similar to other 

studies, health benefits were found to be most consistently associated with physical 

activity, and especially MVPA.142  

 In the early years, a systematic review found that ideal combinations of 

movement behaviours are associated with a range of health and developmental 

outcomes.107 Among preschool-aged children, it was found that low sedentary 

behaviour and high physical activity were associated with favourable motor 

development and fitness, and both favourably and not associated with adiposity.107 

Additionally, high sleep and low sedentary behaviour were favourably associated 

with adiposity among infants and toddlers.107 Notably, the systematic review had very 

few high quality studies to draw data from and concluded additional studies are 

required to reveal the complete spectrum of health outcomes related to combinations 

of movement behaviours across the early years.  

24-Hour Movement Guidelines 

 In light of the substantial evidence supporting the 24-hour movement 

paradigm, in 2016 Canada released 24-Hour Movement Guidelines for Children and 
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Youth (5-17 years).133 These guidelines included recommendations for healthy levels 

of physical activity, sedentary behaviour, and sleep and generally followed already 

established guidelines for each individual behaviour. Following the release of these 

guidelines, Canada,3 Australia,4 and New Zealand143 released 24-hour movement 

guidelines for the early years (0-4/5 years) in 2017. Since then, South Africa,144 the 

United Kingdom,145 and the United States146 have also released their own movement 

guidelines for the early years, although the guidelines from the United Kingdom 

focused solely on physical activity on the decision of Chief Medical Officers despite 

the evidence presented for the 24-hour paradigm outlined by researchers. 

 Subsequently, the WHO released their own movement behaviour guidelines 

for the early years in 2019, modelled after the Canadian Guidelines.2 These guidelines 

provide benchmarks that can be applied in cross-cultural population surveillance 

studies of movement behaviours, to monitor trends and inequalities over time, and 

provide evidence that will inform interventions targeting movement domains where 

children are failing.147 Moreover, these guidelines address one of the proposed actions 

for the WHO Secretariat in the WHO’s Global Action Plan on Physical Activity 

2018-2030, which outlines the need to “Partner and support the development of new 

guidance and protocols on the monitoring of physical activity and sedentary 

behaviours in children aged < 5 years”.28 These WHO guidelines include separate 

recommendations for infants (less than 1 year), children 1-2 years of age, and 

children 3-4 years of age.2 Specifically, with regard to children 3-4 years of age, the 

guidelines recommend that children engage in at least 180 mins of physical activity 

with at least 60 mins being MVPA; not be restrained for more than 1 hr at a time and 
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engage in no more than 1 hr of sedentary screen time; and have 10-13 hrs of good 

quality sleep with regular sleep and wake-up times.2 These guidelines are essentially 

identical to the previously published Canadian early years guidelines as well as those 

published by other countries. These global guidelines provide movement behaviour 

benchmarks that are applicable across countries throughout the world and provide a 

usable framework for surveillance of movement behaviours in the early years. 

Prevalence of 24-Hour Movement Guideline Adherence 

 Given the publication of various 24-hour movement guidelines, it is possible 

for researchers to assess the adherence of individuals to physical activity, sedentary 

behaviour, and sleep recommendations. Results from the ISCOLE indicate that 

among 9-11 year-olds, the global prevalence of children meeting all movement 

recommendations was 7% while 19% of children were meeting none of the 

recommendations.148 In this study, Brazil, Portugal, and the USA (all 29%) had the 

highest proportion of children meeting no recommendations.148 Based on CHMS data, 

only 3% of Canadian 10-17 year-olds were meeting all three movement 

recommendations, 25% were meeting two recommendations, 51% were meeting one 

recommendation only, and 21% were meeting no recommendations.149 Sleep was the 

most frequently met recommendation (66%), with MVPA (35%) and screen time 

(8%) adherence much lower.149 Also from CHMS data, the proportion of 5-11 year-

olds meeting 3, 2, 1, and no recommendations was 37%, 46%, 20%, and 4%, 

respectively.150  

Among preschoolers, Australian data indicate that 14.9% of children are 

meeting all 3 recommendations.151 Ninety three percent were meeting physical 
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activity recommendations, 88.7% were meeting sleep recommendations, and 17.3% 

were meeting screen time recommendations.151 From CHMS data, it was found that 

among preschool-aged Canadians (3-4 years), only 12.7% were meeting all 3 

movement guidelines for the early years and 3.3% were meeting none of the 

recommendations.127 In this study, sleep duration (10-13 hrs of daily sleep) was the 

most commonly met recommendation (83.9%), followed by physical activity (180 

mins of total physical activity and 60 mins of daily MVPA; 61.8%) and screen time 

(no more than 1 hr of daily screen time) was the least frequently met recommendation 

(24.4%).127 In another study by Carson and colleagues, a similarly low (5%) 

proportion of 3 year-olds from Edmonton were meeting overall guidelines, however 

only 19.3% were meeting physical activity recommendations and slightly over half 

were meeting screen time recommendations.152 Among toddlers (1-2 years-old), a 

study based in Edmonton found that the majority of toddlers were meeting physical 

activity (99.3%) and sleep (82.1%) recommendations, while only 15.2% met screen 

time recommendations.153 Only 11.9% met the overall movement guidelines.153 Of 

note, there have yet to be any international studies of movement behaviours in the 

early years, therefore it is not yet possible to provide global estimates of the 

prevalence of adherence to movement behaviours in the early years. 

Correlates of 24-Hour Movement Guideline Adherence 

 Although the correlates and determinants of individual movement behaviours 

have been relatively well studied, there is a dearth of evidence related to the correlates 

and determinants of having healthy levels of movement behaviours in combination. 

One study of children (9-11 years-old) in Mozambique found rural location to be 
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associated with longer sleep duration and shorter recreational screen time relative to 

those from urban locations.154 Additionally, parental education, school location, and 

outdoor time were found to be associated with meeting all 3 movement guidelines.154 

In a study of South Koreans 12 years and older, findings showed that older age, 

female sex, and living in metro Seoul were associated with unfavourable 

combinations of movement behaviours across all age groups.155 Data from the UK 

suggest that adolescent girls from the highest income tertile were more likely to meet 

all 3 movement recommendations relative to girls in the lowest tertile.156 Adolescent 

girls with depressive symptoms were less likely to meet all 3 recommendations than 

their peers without any depressive symptoms, and adolescent boys with obesity and 

those with depressive symptoms were less likely to meet all 3 recommendations 

relative to their normal weight and no depressive symptom peers.156 

 In the early years, a follow-up study of 5 year-olds from Singapore found that 

higher maternal physical activity and lower maternal TV viewing were associated 

with their children adhering to all movement guidelines.157 In a study of American 3-

4 year-olds, it was found that those with African American ethnicity or living at or 

below the poverty line were less likely to meet sleep, sedentary time, or all 3 

movement guidelines relative to their peers.158 It is important to recognize that 

diversity in results across studies may have been driven by differences in study design 

and sample sizes. Furthermore, correlates are context-dependent, which limits 

generalizing associations outside of the population being studied. To date, there have 

not been any Canadian studies specifically examining potential correlates of 24-hour 

movement behaviours in the early years. 
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Assessing the Feasibility of Studies 

 Feasibility is a broad concept that in the context of this thesis concerns 

refining aspects of a study’s design and protocol to inform the planning of a future 

main study.159 Some important functions of feasibility studies are to assess whether 

acceptable recruitment/retention rates can be achieved and to assess the acceptability 

of specific interventions or measures.160 Orsmond and Cohn developed a list of main 

objectives that feasibility studies will generally include as points of focus.161 These 

objectives include the evaluation of recruitment ability and associated sample 

characteristics, the optimization of data collection protocols and study outcome 

measures, the evaluation of the acceptability of study interventions and procedures, 

the evaluation of the ability to implement the study and intervention, and the 

preliminary evaluation of study results.  

Potential outcomes of interest in feasibility studies are quite diverse and can 

include satisfaction, perceived demand, factors affecting ease of intervention 

implementation, positive/negative effects on participants, and ability of participants to 

carry out study activities.162 For example, in a cross-sectional study assessing the 

feasibility of a study objectively measuring physical activity and sedentary behaviour 

among 2-3 year-olds and their parents, the authors reported results on recruitment 

rates and compliance with accelerometer wear protocols.163 In another study, the 

feasibility of physical activity assessment with a wearable device among 4-10 year-

olds was assessed with data from questionnaires asking about the child’s experience 

and attitudes regarding the device.164 Importantly, carrying out feasibility studies can 

help to prevent wasting funding and time in main studies that fail to be completed by 
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providing the opportunity to identify and address issues related to research questions 

or study design beforehand.160 

Summary of the Literature and Rationale 

In summary, the early years are a critical period of development in which 

different exposures can predispose children to future health outcomes. Although the 

literature base for the implications of physical activity, sedentary behaviour, and sleep 

are relatively well established for adults and children and youth, these movement 

behaviours have been far less studied in the early years. Despite this lack of research, 

the limited literature suggests that unfavourable levels of movement behaviours are 

associated with several negative health outcomes in the early years.107 These 

movement behaviours have also been found to track from early childhood to later in 

life, which has implications given what we know about the health associations of 

movement behaviours in older age groups. A Canadian nationally representative 

study that assessed movement behaviours in the early years has been carried out,127 

however, there remains a dearth of global data and there have yet to be any large-

scale international surveillance studies. Therefore, we still do not know whether 

young children across the world have healthy levels of movement behaviours, or 

whether they have unfavourable levels that put them at risk for negative health 

outcomes. To aid the collection of international data on movement behaviours in the 

early years, the WHO has recently released Guidelines on Physical Activity, 

Sedentary Behaviour and Sleep for Children Under 5 Years of Age.2 These new 

guidelines provide international benchmarks that countries across the world can apply 
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to assess the prevalence of young children meeting healthy movement behaviour 

recommendations in their regions. 

Given the previously highlighted paucity of global data on levels of 

movement behaviours in the early years, the SUNRISE study was designed to address 

this research gap. The SUNRISE study aims to collect global data on movement 

behaviours in the early years by organizing standardized surveillance studies of 

movement behaviours in a broad range of countries across the world. Canada is 

participating in the SUNRISE study to collect new data using this standardized 

protocol in order to contribute to global estimates and comparisons of movement 

behaviours based on the harmonized data. Additionally, Canada is piloting the 

SUNRISE study protocol before completing the main study to identify specific 

aspects of the standardized protocol that may be challenging in the Canadian context. 

Several other countries are also conducting pilot testing to further inform the 

development of the standardized study protocol that will be applied in the main 

surveillance study.  
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Research Questions and Hypotheses 

The SUNRISE study aims to collect global data on movement behaviours in 

the early years by organizing standardized surveillance studies of movement 

behaviours in a broad range of countries across the world. The SUNRISE study 

protocol is currently being piloted in several countries. This MSc project will 

examine pilot data from the SUNRISE study to address the following specific 

questions:   

1) Are the SUNRISE study measurement instruments and protocols feasible in a 

very high Human Development Index (HDI) context (Canada) using a 

convenience sampling approach?  

Hypothesis: The study measures and protocols were hypothesized to be 

feasible in our very high HDI context. Precedence set by the success of the 

CHMS105 suggests that large-scale collection of accelerometer and questionnaire 

based data on physical activity, sedentary behaviour, and sleep in young children 

is feasible in a Canadian context. 

2) What proportion of the SUNRISE pilot sample of Canadian 4 year-old 

children meet the WHO Guidelines on Physical Activity, Sedentary Behaviour 

and Sleep for Children Under 5 Years of Age?2 

Hypothesis: It is likely that a low proportion of Canadian young children 

are meeting the new 24-Hour Movement Guidelines.2 Results from recent studies 

on the Canadian 24-Hour Movement Guidelines for the Early Years127,153 

revealed that a low proportion of children were meeting all three 

recommendations for healthy movement behaviours. A high proportion of 
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children were meeting physical activity and sleep recommendations, but a low 

proportion were meeting recommendations for screen time (sedentary 

behaviour). As the new WHO guidelines have been modeled after Canada and 

Australia’s movement guidelines, we expected to see similar results. 

3) Does the proportion of 4 year-old children meeting screen time 

recommendations differ by sex, HDI, or urban/rural location based on the pilot 

study results of eight countries? 

Hypothesis: Based on the results from several studies on the Canadian 24-

Hour Movement Guidelines for the Early Years that found no sex differences in 

levels of healthy movement behaviours,127,153 it was hypothesized that there 

would not be any sex differences in the proportion of young children meeting the 

new guidelines in the current study. In addition, based on the findings from the 

Global Matrix 2.0,165 which assigned higher grades for childhood physical 

activity and sedentary behaviour to medium to low HDI countries, it was 

expected that medium to low HDI and rural status would be related to higher 

proportions of children meeting screen time recommendations.  

4) Do the activPAL and Actical accelerometers produce similar physical activity, 

sedentary behaviour, and sleep results when worn concurrently in young 

Canadian children? 

Hypothesis: It was hypothesized that the devices would produce similar 

movement behaviour results since both devices have been validated for their 

accuracy of recording movement behaviour data in young children.166,167   
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Methods 

The SUNRISE study is an international surveillance study organized by the 

Early Start group at the University of Wollongong, Australia. To inform the main 

surveillance study, pilot studies were carried out in several countries with a range of 

HDI backgrounds (Brazil, Canada, China, Papua New Guinea, South Africa, Sweden, 

United States, and Zimbabwe). Following a standardized study protocol, 

anthropometric, movement behaviour, executive function, motor skills, and 

demographic data were collected from 4 year-olds in the pilot studies. Informed 

consent was provided by the children’s parents/guardians. Pilot studies had a target 

sample size of 100 participants, with an equal number of boys and girls coming from 

urban (50) and rural (50) locations as determined by home address. The study 

methods and measures were decided a-priori by a group of physical activity experts 

on the leadership committee of the SUNRISE study. As a sub-objective of the 

SUNRISE study, data related to executive function and motor skills were collected to 

investigate possible associations between adherence to movement guidelines and 

cognitive and motor development. However, analyses of these data are outside of the 

scope of this thesis, so results from the executive function and motor skills testing are 

only presented in terms of feasibility. The Canadian SUNRISE pilot study was based 

out of the Children’s Hospital of Eastern Ontario Research Institute. 

Study Population 

A convenience sampling approach was used to recruit 4 year-old children 

attending childcare centres and schools in and around the City of Ottawa. Participants 

for whom parent/guardian informed consent was obtained were assigned a de-
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identified unique participant ID. Participating childcare centres included publicly and 

privately funded establishments, and participating schools were from the Ottawa-

Carleton District School Board (OCDSB) and the Ottawa Catholic School Board 

(OCSB). The OCDSB and OCSB are the two main public-school boards that service 

the City of Ottawa. Childcare centres and schools were from urban and rural 

locations. The second character of the child’s home postal code was used to classify 

them based on urban or rural residency, with the second character being a ‘0’ used to 

denote a rural address. Rural classifications were then cross referenced with 2016 

census data on population density for each postal code,168 with rural areas defined as 

having a population <1000 people and a density of <400 people per square 

kilometer.169  

Inclusion/Exclusion Criteria 

 The parents/guardians of all 4 year-old children attending participating 

childcare centres and schools were invited to participate in the study. Apart from the 

age criteria, children were also excluded if they had a physical disability that 

precluded them from wearing hip-worn accelerometers, or if they had a 

developmental disorder that precluded them from understanding directives on how to 

complete executive function and motor skills testing. Additionally, all study 

documents were in English only, so non-English speaking children were likely 

excluded non-intentionally. Children who dissented to participation in study measures 

were withdrawn from the study. 
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Research Ethics and Informed Consent 

 Research ethics approval was obtained from the Children’s Hospital of 

Eastern Ontario Research Ethics Board (CHEO REB; 18/19X), the Carleton 

University Research Ethics Board (CUREB; #109584), and the Ottawa-Carleton 

Research and Evaluation Advisory Committee (OCREAC). The most recent copies of 

research ethics approval certificates/notices are provided in APPENDIX 1. 

 Childcare centres and schools were contacted by phone, email, and/or in 

person to inquire about their willingness to participate in the study. Locations 

agreeing to participate were then provided parent/guardian study packages for all 4 

year-old children attending their institution. These packages included: a cover letter, 

study information sheet, contact information sheet, and a parental consent form 

(APPENDIX 2). Staff at childcare centres and schools were responsible for 

distributing packages to parents/guardians of 4 year-old children under their care/in 

their classes. Parents/guardians who consented to their child’s participation in the 

study were instructed to complete the contact information sheet and consent form and 

to return the documents to the staff via their children.  

Anthropometric Measurements 

 The assessment of growth (e.g., height, weight) among children is a critical 

component of any clinical evaluation and is important for the evaluation of overall 

health, development, and nutritional status.170 To assess growth, recorded 

anthropometric values are typically compared against a certain reference population 

with specific cut-points to define over-nutrition and under-nutrition.170 Between 

1997-2003 the WHO Multicentre Growth Reference Study collected growth and 
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related data from 8,500 children from a broad range of countries (Brazil, Ghana, 

India, Norway, Oman, and the USA), that provided the basis of international growth 

curves that are now commonly used.171 

The height of participants was measured with a Seca 213 stadiometer (Seca 

North America, Chino, CA) and weight was measured with a Conair Thinner 

TH178WC digital scale (Conair Consumer Products, Woodbridge, ON). Participants 

were asked to remove their shoes and excessively bulky clothing during the 

anthropometric measurements. Height was measured to the nearest 0.1 cm with the 

child standing upright with their head in the Frankfort plane. Weight was measured to 

the nearest 0.1 kg with the child standing squarely on the scale and not holding onto 

any supports. Two measures of height and weight were taken. If the two measures of 

height differed by more than 0.5 cm, or the two measures of weight differed by more 

than 0.25 kg, then a third measure was taken. An average of the two closest measures 

for both height and weight were calculated and used in the analyses. Based on the 

participant’s age (in days) at the time of the anthropometric measurements, average 

height value, average weight value, sex and age specific BMI z-scores were 

calculated using the WHO “anthro” package (V0.9.1; Schumacher et al.) for R. The 

“anthro” package utilizes the WHO Multicentre Growth Reference Study data as the 

reference population for calculating anthropometric z-scores. BMI z-scores were then 

used to categorize participants as wasted, normal-weight, at-risk of overweight, 

overweight, or obese (wasted z-score < -2.0; normal-weight z-score ≥ -2.0 and ≤ 1.0; 

at-risk of overweight > 1.0 and ≤ 2.0; overweight > 2.0 and ≤ 3.0; obese > 3.0).172 
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Movement Behaviours – Accelerometer Measurements 

In this study the physical activity level of participants was assessed using 

Actical (Philips Respironics, Bend, OR, USA) and activPAL (PAL Technologies, 

Glasgow, Scotland) accelerometers worn continuously for 3 weekdays. Both devices 

were initialized to begin recording at 12:00 am on the morning of the first day of data 

collection. Both devices were set to record activity data in 15 second epochs. Acticals 

were explained to be worn over the right hip with a nylon belt and were to be 

removed only when engaging in water-based activities (e.g., swimming, bathing, 

showering). activPALs were worn on the right anterior mid-thigh and were affixed 

with two sheets of Tegaderm (3M Canada, London, ON, Canada). activPALs were 

waterproofed with a nitrile sleeve and wrapped in Tegaderm prior to being affixed to 

the participant, which allowed them to be worn continuously even during water 

activities.  

Actical accelerometers are omnidirectional piezoelectric accelerometers. The 

piezoelectric sensor in the Actical detects accelerations through a ceramic case that 

transfers vibrations to the sensor, which results in the sensor releasing a charge 

proportional to the acceleration force.173 This charge is filtered and converted to 

activity counts, that are then summed over the user-defined epoch period. The output 

of Acticals includes activity counts and step counts.173,174 Actical accelerometers can 

be worn on the ankle, wrist, or hip, although the sensor in the device is most sensitive 

to acceleration in the vertical plane when worn on the hip.173 Validation studies of the 

Actical in preschoolers, which used a hip placement and 15 sec epochs, found the 

devices to be a valid tool for measuring physical activity in young children.167,175 
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activPAL devices are relatively new tri-axial accelerometers and 

inclinometers that are used to measure free-living physical activity and sedentary 

behaviour.176,177 activPALs are designed to be worn on the thigh and uses its internal 

accelerometer to sense limb position and activity.176 The device is then able to use the 

incline of the thigh to classify activity into postural categories that include 

sitting/lying, standing, and stepping.178 The activity output from activPALs include 

cadence, acceleration counts, step counts, and METs (calculated from cadence).179 An 

advantage of the activPAL device is that it can discriminate between standing and 

sitting/lying down sedentary behaviour, whereas other accelerometers are unable to 

do so.176 Studies have validated the activPAL for assessing physical activity and 

sedentary behaviour in children166 and adults,180,181 however there is a lack of clarity 

regarding the accuracy of the devices in determining different intensities of physical 

activity among preschool-aged children.176,179,182 There are currently no validated 

activPAL physical activity intensity cut-points for preschool-aged children. 

Parent/Guardian Questionnaire 

 A modified WHO STEPwise approach to surveillance (STEPS)183 

parent/guardian questionnaire was sent home with participating children for their 

parents/guardians to complete. The first section of the questionnaire contained items 

related to the name of the child’s childcare centre/school and the parent/guardian’s 

relationship (i.e., mother, father, grandmother, grandfather, legal guardian) to the 

child. The second section included items regarding the sex and age of the child and 

parent/guardian, highest level of household educational attainment, and ethnic 

background of the child. The third section asked a range of questions related to the 
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child’s physical activity, screen time, sedentary behaviour, and sleep. In addition, this 

section asked questions about the parent/guardian’s use of electronic screen devices 

around the child. The final section included questions pertaining to their child’s 

sedentary travel time and time spent outside. The questionnaire was designed to be 

completed by the parent/guardian in roughly 15-20 mins. A complete copy of the 

parent/guardian questionnaire is in APPENDIX 3. 

Gross and Fine Motor Skills 

 The Ages and Stages Questionnaire (ASQ; Paul H. Brookes Publishing Co., 

Baltimore, MD) is a validated184–186 screening tool used to assess the development of 

young children.187 The ASQ consists of 21 age-specific questions that cover ages 1-

66 months and includes domains such as communication, gross motor, fine motor, 

problem solving, and personal social skills.187 Domains are assessed with 6 questions 

that cover important milestones and that are to be answered with either “Yes”, 

“Sometimes”, or “No”.187 The ASQ is generally completed by parents in the home 

setting. 

In this study, the gross and fine motor sections of the ASQ-3 for 48 months 

were used to assess the gross and fine motor skills of participants. At childcare 

centre/school visits, participating children were asked to complete each of the gross 

and fine motor skills items (except for ladder climb and slide), and items were scored 

by trained research staff. Gross motor items included catching a large ball, climbing 

the ladder of a slide and sliding down (not assessed), overhand throwing to a person 

180 cm away, one-legged hopping, forward jumping 50 cm, and balancing on one 

foot for 5 sec. Fine motor items included putting together a 5-7 piece puzzle, cutting 
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paper in half with scissors along a straight line, drawing shapes (L + I O), 

unbuttoning one or more buttons, drawing a picture of people with at least three 

features, and coloring in a 2-inch circle within the lines. “Yes” was scored when the 

child performed the skill consistently, “Sometimes” was scored when the skill was 

performed on occasion but inconsistently, and “No” was scored when the child was 

unable to perform the skill at all. A copy of the ASQ-3 fine and gross motor domains 

for 48 months can be found in APPENDIX 4. 

Executive Function 

 Executive function is a composite of various cognitive capacities, such as 

working memory, inhibition, and shifting.188 Executive function is a contributor to 

self-regulatory development,189 a strong predictor of scholastic achievement,190 and a 

predictor of children’s social and emotional development.191 The Early Years 

Toolbox (EYT; Early Start, Wollongong, NSW, Australia) is a battery of iPad games 

that assess visual-spatial and phonological working memory, shifting, inhibition, 

vocabulary, and parent-reported self-regulation and social behaviour.188 Each measure 

of the EYT was designed to be brief (less than 5 mins), engaging, developmentally 

appropriate, readily accessible, and able to leverage the capabilities of technology 

without introducing expertise bias.188 The EYT games also include visual and 

auditory instructions/feedback and practice trials to facilitate a clear understanding of 

the tasks in the games. Results from a study carried out by the creators of the EYT 

suggest that the battery of games have good reliability, convergent validity with 

existing measures, and developmental sensitivity.188 
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 In this study, executive function of participants was assessed with the “Mr. 

Ant”, “Go/No-Go”, and “Card Sorting” EYT iPad games. Games were administered 

at the study sites and were supervised by a member of the research team. “Mr. Ant” 

was used to measure visual-spatial working memory and involved remembering the 

location of stickers placed randomly on the body of an ant. In the “Go/No-Go” game, 

which measured inhibition, participants were prompted to tap on fish that would 

swim across the screen and to do nothing when sharks would periodically swim 

across instead. Lastly, “Card Sorting”, which measured shifting, asked participants to 

sort cards by a certain dimension (i.e., colour or shape) and then switch to an alternate 

sorting rule in the second half of the game. Members of the research team repeated 

game instructions and provided encouragement as necessary; however they refrained 

from providing excessive directives.  

Parent/Guardian and Centre/School Staff Feedback Forms 

To further inform the feasibility of the SUNRISE study, feedback 

questionnaires were distributed on the first day of testing, for parents/guardians and 

staff at centres/schools to complete on their own time, and were collected on the last 

day when accelerometers were retrieved from participants. Parent/guardian feedback 

questionnaires included four open-ended items related to their opinions on several 

aspects of the SUNRISE study (APPENDIX 5.). These parent/guardian feedback 

items included:  

• “How did you find the parent/guardian questionnaire? Were there any 

questions that you didn’t understand or found hard to answer?” 
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• “Did your child enjoy participating? Was there anything you think they did 

not enjoy or that could be improved?” 

• “How did you find it went for your child wearing the activity monitor for 

three days? Were there any problems? If so, can you tell us about them and 

offer any advice on how we could improve this?” 

• “Do you have any other comments to make?” 

Staff feedback questionnaires included five open-ended items concerning their 

thoughts on data collection within their centre/school (APPENDIX 6.). These staff 

feedback items included: 

• “How did you find having the data collection team in your school/centre this 

week? Is there anything that you could recommend be done differently if the 

study was to be repeated to minimize any disruption to your daily routines?” 

• “How do you think the children found the gross and fine motor skills activities 

and the iPad games? Do you have any feedback or advice on how the 

assessment of these items could be improved?” 

• “Did the children enjoy participating? Was there anything you think they did 

not enjoy or that could be improved?” 

• “How did you find it went for the children wearing the activity monitor for 

three days? Were there any problems? If so, can you tell us about them and 

offer any advice on how we could improve this?” 

• “Do you have any other comments to make?” 
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Data Collection Protocol 

 To follow the 3-weekday accelerometer wear protocol, the first day of data 

collection occurred on either a Monday or Tuesday so that the accelerometers could 

be retrieved on the corresponding Thursday or Friday of that week. Upon arrival at 

the study site on the first day of data collection, height and weight were measured and 

Acticals and activPALs were subsequently placed on participants. Participants were 

then given the option to choose the order in which they wanted to complete the gross 

motor testing, fine motor testing, and executive function testing. Each participant 

required roughly 30-45 mins to complete all testing measures, and research staff were 

able to work with multiple participants concurrently. After testing was completed, 

parent/guardian questionnaires were given to centre/school staff to send home with 

the participating children. In addition to the questionnaire, a document outlining how 

to wear the accelerometers and a parent/guardian feedback form were also sent home 

to the parents/guardians. Following the 3-days of accelerometer wear, research staff 

returned to the study site on the Thursday or Friday to collect accelerometers, 

parent/guardian questionnaires, and parent/guardian feedback forms from the 

participants.  

Accelerometer Data Reduction 

 Actical data were reduced using in-house R code. Physical activity intensity 

was classified using validated cut-points for Acticals among preschoolers, with 

activity counts of <25 per 15 sec equating to sedentary behaviour, 25-287 per 15 s 

equating to LPA and activity counts ≥288 per 15 s equaling MVPA.175 These cut-

points have been employed in previous analyses of Actical physical activity data from 
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preschoolers.127,192 Step counts were also extracted from the raw Actical data. Non-

wear time was defined as ≥60 mins of consecutive zero activity counts, with the 

allowance for 2 mins of counts between 0-100.127 Sleep logs with wake and bed times 

were manually created for every day of each participant’s data through visual 

inspection of the raw Actical data. These sleep logs were then applied during data 

reduction to exclude time spent sleeping at night from analyses of physical activity. 

The first and last days of Actical data were excluded from analyses since there were 

portions of those days where both research staff and the participants were in 

possession of the devices (i.e., application and removal of the devices). Valid days for 

analysis were defined as greater than 5 hrs of wear time.167  

 activPAL data were reduced with custom MATLAB software (The 

MathWorks Inc., Natick, MA). Software algorithms identified sleep periods based on 

sleep diaries that were manually created based on visual inspection of the raw 

activPAL data. Due to a lack of validated cut-points, physical activity intensity was 

not extracted from the raw activPAL data, however step counts were still extracted. 

Similar to Actical analyses, valid days were defined as having greater than 5 hrs of 

wear time.  

Feasibility of the SUNRISE Study (Objective 1) 

Participants completed the SUNRISE study protocol to help identify potential 

issues with the protocol or measurement instruments. Feasibility of the SUNRISE 

study was partially assessed by the pilot study’s ability to reach the target sample size 

of 100 participants, sex balanced with 50 from urban locations and 50 from rural 

locations in an efficient manner. In addition, feasibility of the study measures were 
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assessed through the research staff, centre/school staff, participant’s, and 

parent/guardian’s capacity to follow the SUNRISE study protocol and effectively 

complete testing measures. The feasibility of measures was also informed through the 

observation of issues by members of the research staff during testing. Furthermore, 

the SUNRISE pilot study used responses from feedback questionnaires given to 

participating parents/guardians and centre/school staff to assess their opinions 

regarding participation and measures used in the study. 

24-Hour Movement Behaviour Adherence (Objective 2) 

 Using the WHO Guidelines on Physical Activity, Sedentary Behaviour and 

Sleep for Children Under 5 Years of Age,2 movement behaviour data were analyzed 

for adherence to movement guidelines. Only participants with complete data for all 

movement behaviours were included in analyses of movement behaviour guideline 

adherence.127 Complete data was defined as 2 valid days of Actical data and the 

completion of the relevant sedentary behaviour and sleep items in the parent/guardian 

questionnaire. 

Physical Activity 

 Actical physical activity data were used to assess adherence to physical 

activity guidelines, which recommend a total of 180 mins of physical activity, with at 

least 60 mins being MVPA, per day.2 Participants meeting both components of the 

physical activity recommendation were considered adherent to guidelines, and those 

meeting only one or none of the recommendations were considered non-adherent. 
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Sedentary Behaviour  

 Data from the parent/guardian questionnaire were used to inform adherence to 

sedentary behaviour guidelines, which recommend no more than 1 hr of sedentary 

screen time per day and not being restrained for more than 1 hr at a time.2 

Specifically, adherence to sedentary behaviour guidelines was determined with the 

following questions: 

• “In a 24 hour period in the past week, how much time did the 4 year-old child 

who is participating in this study spend: Using any electronic screen device 

such as a smart phone, tablet, video game, or watch television or movies, 

videos on the internet while they were sitting or lying down?” 

• “In the past week, on days that you spent with your child, were there any days 

where the 4 year-old child who is participating in this study: Was restrained 

for more than one hour at a time in a stroller, car seat, or on back or a 

scooter/moped?” 

Participants meeting both sedentary behaviour recommendations were 

considered adherent to guidelines, while those who did not were considered non-

adherent. 

Sleep 

 Adherence to sleep guidelines, which recommend 10-13 hrs of good quality 

sleep (may include naps) with regular sleep and wake times,2 was also assessed with 

data from the parent/guardian questionnaire. The following questionnaire items were 

used to assess adherence to the guidelines: 



  65 

• “How many hours of sleep does your child get in a typical 24-hours day 

(including naps)?” 

• “Does your child have a consistent bedtime?” 

• “Does your child have a consistent wake-up time?” 

If a child was meeting all three components of the sleep guidelines they were 

considered adherent. Not meeting one or more components of the sleep guidelines 

was considered non-adherent. 

Statistical Analyses 

 One-way ANOVA tests were used to assess potential differences in the 

number of movement behaviour recommendations met based on participant 

characteristics (sex, weight status category, location). All analyses were carried out in 

R 3.5.2 (R Core Team, Vienna, Austria). 

International Screen Time Comparison (Objective 3) 

Screen time data from the SUNRISE pilot studies of eight countries (Brazil, 

Canada, China, Papua New Guinea, South Africa, Sweden, United States, and 

Zimbabwe) were shared by the University of Wollongong for analysis in this thesis 

project. The screen time data were extracted from the parent/guardian questionnaire 

item “In a 24 hour period in the past week, how much time did the 4 year-old child 

who is participating in this study spend: Using any electronic screen device such as a 

smart phone, tablet, video game, or watch television or movies, videos on the internet 

while they were sitting or lying down?”. These data were used to examine potential 

differences between countries in the proportion of participants adhering to screen 

time recommendations and differences in the mean duration of daily screen time. 
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Additional data received from the various pilot studies included participant sex, date 

of birth, date of data collection, highest household educational attainment, urban/rural 

status, average height and weight measurement, and BMI. Participants ≥5 years-old 

were excluded from analyses because they no longer fell into the age range covered 

by movement guidelines for the early years. 

The parent/guardian questionnaire item regarding highest household 

educational attainment was asked differently in each country’s pilot study. As a 

result, the levels for this variable differed between countries, which necessitated 

recoding to be able to use the data in analyses. Responses were recoded, as necessary, 

into 5 levels generally representing no formal education or lowest level included, 

primary school or some high school, high school, post-secondary, and do not 

know/did not report. 

Statistical Analyses 

 Screen time data were initially inspected for outliers and normality. Outliers 

were identified as values greater than 1.5•inter-quartile range (IQR) + 3rd quartile.193 

Shapiro-Wilk tests and visual examination of histograms were used to assess the 

normality of the screen time variable. Countries were classified into three groups 

based on HDI: very high (0.8-1.0), high (0.7-0.79), and medium to low (<0.69) HDI. 

The very high HDI group included Canada, Sweden, and the United States; the high 

HDI group included Brazil, China, and South Africa; and the medium to low HDI 

group included Papua New Guinea and Zimbabwe. Chi square tests were used to 

assess potential differences in guideline adherence between several participant 

characteristics (sex, weight category, urban/rural location, household educational 
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attainment, country, and HDI). In addition, binary logistic regression models were 

used to assess associations between screen time adherence and sex, urban/rural 

location, and HDI while controlling for participant characteristics such as age, 

parental education, and sex. Spearman’s rank correlation coefficient and Kruskal-

Wallis tests were also used to examine potential differences between daily screen 

time (mins) and these participant characteristics. Post-hoc pairwise comparisons were 

performed when tests were significant and the independent variable was composed of 

greater than 2 levels. Post-hoc tests were Bonferroni corrected to reduce the chance of 

Type I errors. 

Comparison of Actical and activPAL Physical Activity, Sedentary 

Behaviour, and Sleep Data (Objective 4) 

 Actical and activPAL data from participants who wore both devices 

simultaneously were compared for differences in the measurement of movement 

behaviours. Step counts and time spent sitting/lying down (sedentary time) recorded 

by activPALs and Acticals were compared to assess potential measurement biases. 

For the purpose of these calculations, deviations of activPAL outcomes from Actical 

outcomes were calculated for each day where both devices had a valid day of data. To 

improve comparability, step counts and sedentary/sitting time were weighted by wear 

time (mins), which was calculated for each device during data reduction. 

Statistical Analyses 

Paired t-tests were used to assess potential differences in weighted step counts 

and sedentary/sitting time recorded by Acticals and activPALs. Mean measurement 

differences were also calculated for weighted steps and sedentary/sitting time. 
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Additionally, Bland-Altman plots were generated to visually assess potential steps 

and sedentary/sitting time measurement biases between both devices. Lastly, single 

fixed rater intraclass correlation coefficients (ICC) were calculated to assess the 

reliability between weighted measures of steps and sedentary/sitting time as measured 

by Acticals and activPALs.  
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Results 

A total of 118 children consented to participate in the Canadian SUNRISE 

pilot study between July 2018 and May 2019. Of those who consented, 106 (Female = 

51, Male = 55) participants completed testing. Twenty-three participants were from 

rural locations and 83 were from urban locations. Fifteen participants were recruited 

from childcare centres, and the remaining 91 participants were recruited from 

schools. Descriptive characteristics of 102 participants with completed 

parent/guardian questionnaires are presented in Table 1.  
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Table 1. Descriptive characteristics of participants in the Canadian SUNRISE pilot 

study. 

Variable (n = 102)a 

Age (years) 4.5 ± 0.5 

Sex 

Male 

Female 

 

53.9% (n = 55) 

46.1% (n = 47) 

Highest household educational attainment 

Post-secondary 

Secondary or high school 

Unanswered 

 

98.0% (n = 100) 

1.0% (n = 1) 

1.0% (n = 1) 

Ethnicity 

Arab 

Asian 

Black 

Latin American 

Mixed 

White 

 

6.9% (n = 7) 

3.9% (n = 4) 

3.9% (n = 4) 

2.9% (n = 3) 

11.8% (n = 12) 

70.6% (n = 72) 

BMI z-score weight categoryb 

Normal-weight 

At-risk of overweight 

Overweight 

Mean BMI z-score 

 

74.5% (n = 76) 

18.6% (n = 19) 

6.9% (n = 7) 

0.6 ± 0.9 

Recruitment site 

Childcare centre 

School 

 

14.7% (n = 15) 

85.3% (n = 87) 

Location 

Urban 

Rural 

 

78.4% (n = 80) 

21.6% (n = 22) 
a Mean and standard deviation values were presented for continuous variables, and 

percentage and frequency for categorical variables. 
b Body mass index (BMI) z-scores were categorized using the following definitions: 

wasted z-score = < - 2.0; normal-weight z-score = ≥ - 2.0 and ≤ 1.0; at-risk of 

overweight = >1.0 and ≤ 2.0; overweight = >2.0 and ≤ 3.0; obese = >3.0. 

 

Feasibility of the SUNRISE Study (Objective 1) 

Research Ethics 

Research ethics approval for this study was received from the CHEO REB in 

June 2018. This initial research ethics submission specified data collection at 

childcare centres only, which was aligned with the original SUNRISE pilot protocol. 
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Data collection at childcare centres occurred between July 2018 and August 2018. 

However, due to the commencement of the school year in September, most 4 year-old 

children switched from attending childcare centres to attending schools for their first 

year of kindergarten. In response to this change, a minor amendment was submitted 

to the CHEO REB and a research ethics application was submitted to the OCREAC to 

allow for recruitment within the public-school boards in Ottawa. Another research 

ethics application was made to the Upper Canada District School Board (UCDSB) 

External Research Steering Committee. The UCDSB is the school board that services 

the broad rural communities surrounding the City of Ottawa. Participants from the 

UCDSB were intended to accommodate our rural target sample size, however the 

study’s research ethics application was declined by the UCDSB. It was explained by 

the Steering Committee that the study was not approved due to a lack of direct 

benefits that the research would provide to the UCDSB. The study’s research ethics 

application to the OCREAC was approved in October 2018 and data collection was 

carried out at schools from November 2018 to May 2019. Research ethics approval 

was received from the CUREB in September 2018. 

Site Recruitment 

Twenty-three childcare centres in and around the Ottawa-area were contacted 

to solicit their participation in the study. Of the centres contacted, 4 (17.4%) agreed to 

allow recruitment within their sites. Out of the 145 eligible children at these centres, 

20 children consented to participate in the study and 15 of these children completed 

study testing. The final enrollment rate of eligible children at childcare centres was 

10.3%. 
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All schools in the OCDSB and OCSB (n = 169) were contacted about their 

willingness to participate in the study. Recruitment was allowed within 12 (7.1%) of 

the contacted schools, and out of 513 eligible children, 98 children consented to 

participate in the study. Ninety-one children completed testing, which equated to an 

enrollment rate of 17.7% of eligible children within schools that provided approval 

for recruitment.  

Target Sample 

 The overall target sample size of 100 participants was met in the Canadian 

SUNRISE pilot study. One hundred and six participants were recruited and completed 

testing in the study. The sample was also sex balanced with 51 female and 55 male 

participants. In addition, 83 participants from urban locations completed study 

testing, which exceeded the target sample of 50 urban participants. However, only 23 

participants from rural locations completed study testing, which did not meet the 

target sample size of 50 rural participants. Seven of the rural participants were 

recruited from childcare centres and 16 were from schools.  

Withdrawals and Exclusions 

 Two participants were withdrawn from the study after refusing to wear their 

accelerometers on the first day of testing. As well, 10 participants were excluded for 

being over-age or absent at the time of data collection. Participating childcare centres 

and schools were visited on multiple occasions in an attempt to include previously 

absent children who had consented to participation in the study. 
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Feasibility of Accelerometry 

 Overall, participants had relatively good adherence to the accelerometer 

protocol. Of the 106 participants that completed testing, 85% completed the 

accelerometer protocol with 2 valid days of data. Application of Acticals was quick 

and non-intrusive. One Actical was lost by a participant and was not able to be 

retrieved. In feedback forms, 15% (n = 16) of parents commented about belts being 

too large, being uncomfortable, or falling off for their child. In addition, 10% (n = 11) 

of parents commented on their child wanting to remove their accelerometer at some 

point during the data collection period. It was also reported by 3% (n = 3) of parents 

that they forgot to put their child’s Actical back on after taking it off for water-based 

activities. Reduction of Actical data was relatively simple due to well-established 

activity count cut-points for categorizing physical activity intensities. However, 

delineating sleep from waking hours was a time-consuming component of Actical 

data reduction and required the manual creation of sleep logs for each day of data 

through the visual examination of the raw activity count data. Acticals have not been 

validated for objectively measuring sleep in preschool-aged children and therefore 

sleep periods were excluded from analyses. 

There were several issues related to the use of activPALs in the study. First, 

application of the devices was difficult and time-consuming when participants were 

wearing pants or leggings because the protocol called for the devices to be placed on 

the mid-anterior thigh. During the summer, most children were wearing shorts and 

skirts and the devices could be easily applied on their thighs. However, during the 

colder months (Fall to Spring), most children were wearing pants or leggings, which 
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required the child to change into a pair of shorts or a member of the research staff to 

accompany each child to the bathroom to apply the device in private. In addition, 

despite being waterproofed prior to data collection, one activPAL was permanently 

water damaged while being worn by a participant. There were also no standards or 

cut-points for reducing the activPAL data of preschool-aged children, therefore 

physical activity analyses were limited to step counts only. Lastly, as a result of four 

participants reporting skin irritation associated with wearing activPALs, the devices 

were removed from the study protocol. In total, 33 participants wore activPALs 

before they were removed from the study. In spite of the issues with activPALs, many 

participants enjoyed wearing the devices and spoke fondly of their ‘robots’ and the 

‘superpowers’ that they gave them. Actical devices remained in the study protocol 

throughout the entire study. 

The 3-day accelerometer wear protocol was problematic as implemented. It 

was not clearly outlined if the 3-days referred to 72-hrs of device wear time or if 

weekdays and weekends were eligible, or required. As a result, the decision was made 

to only collect weekdays and to only have participants wear the accelerometers for 

approximately 72-hrs from the time that the device was applied to reduce the burden 

on the participants and parents. Given that participants were not in possession of the 

devices for the full 24-hour period on the days where the devices were applied and 

removed, data from these days were not included in analyses. Thus, the “3-day 

protocol” limited the number of valid days available for analyses to a maximum of 2 

days.  
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Feasibility of Motor Skills 

 Participants generally enjoyed gross and fine motor skills testing from the 

ASQ, although several issues emerged during the study. The “climbing up and sliding 

down a slide” item from the gross motor skills questionnaire was not scored for any 

participants because there was a lack of readily accessible slides at study sites. 

Additionally, scoring fine and gross motor skills was sometimes difficult to discern 

between scoring items as “no” or “sometimes”. There was no standardization of tools 

used for ASQ testing, such as ball size, specified in the study protocol manual. 

Therefore, materials used for ASQ testing were likely different across pilot countries. 

The ASQ was also noted as being designed as a parent-administered questionnaire 

and was not intended to be applied by researchers in a research-context. 

Feasibility of Executive Function 

 Participants generally found the EYT games to be repetitive, monotonous, and 

excessively long. Participants often requested to switch to a different game midway 

through the EYT games. Additionally, participants would often ask “Why do they 

keep saying that?” in response to the repetitive auditory prompts of the games. 

Research staff had to actively supervise and encourage participants to remain focused 

and to keep playing the EYT games. During the “Go/No-Go” game, children often 

became distracted and failed to attempt several rounds of fishes/sharks swimming 

across the screen, which may have influenced their scores on the game. In addition, 

some participants purposely played the “Mr. Ant” game improperly by arbitrarily 

placing stickers all over the ant character instead of placing stickers based on their 

memory. The “Card Sort” game was completed correctly by most participants; 
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although there were similar issues with participants remaining engaged with the 

game.  

Feasibility of Parent/Guardian Questionnaire 

 Of the 106 participants that completed testing, 96% of parents/guardians 

completed and returned the study questionnaire. Several issues with the 

parent/guardian questionnaire items were identified during pilot testing. One group of 

questions beginning with the prompt “In a 24 hour period in the past week, how much 

time did the 4 year-old child who is participating in this study spend:” was at times 

misinterpreted by parents/guardians due to the way it was worded. Instead of 

responding with time from a 24-hour period, many parents/guardians responded with 

the total time in the past week (e.g., 14 hrs per week instead of 2 hrs per day). In 

feedback forms, 7% (n = 7) of parents commented that the wording “In a 24 hour 

period in the past week” was confusing and awkward. In addition, 15% (n = 16) of 

parents commented that times spent in various activities were very approximate since 

they were not completely certain of their child’s activities when at childcare or 

school. Furthermore, 15% (n = 16) of parents indicated that their child’s activity 

varied significantly between the winter and summer months. Some parents (8%, n = 

9) also commented that questions referring to the “Main Caregiver” in the household 

were confusing, as both parents in their households equally shared caregiving 

responsibilities for their children. As well, a block of questions was consistently left 

blank due to an error in the questionnaire. A conditional question that gave 

instructions to skip several questions if a “No” was answered, was mislabeled and 

accidentally instructed the user to skip a greater number of questions than was 
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intended. Lastly, parent/guardian questionnaires that were not returned limited the 

analyses that could be carried out with their child’s data. Critical information related 

to the participant’s date of birth, sedentary behaviour, and sleep were included in the 

parent/guardian questionnaire. Therefore, when questionnaires were not returned, 

analyses requiring these data were not possible. 

Staff Feedback Questionnaires 

 Staff unanimously responded in their feedback questionnaires that having 

researchers in their sites was not disruptive to their daily flow of activities. Staff also 

reported that their children seemed to enjoy participating in the study. Staff reported 

that they found the accelerometer protocol was okay but commented that Actical belts 

needed adjusting because they would become loose at times. However, these reports 

were based on only 3 completed staff questionnaires. 

Proportion of Children Adhering to 24-Hour Movement Guidelines 

(Objective 2) 

Participant Sample for Analyses 

Eighty-six participants with 2 valid days of Actical data and complete 

parent/guardian questionnaire data were included in analyses of 24-hour movement 

guideline adherence. The mean age of participants was 4.5 (± 0.5) years and their 

mean BMI z-score was 0.7 (± 0.9). Participants engaged in an average of 383 mins of 

daily total physical activity, of which an average of 67 mins was MVPA. Participants 

slept for an average duration of 10.5 hrs daily and had an average of 94 mins of daily 

screen time. Descriptive characteristics and time spent in 24-hour movement 

behaviours of study participants are presented in Tables 2 and 3, respectively. 
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Adherence to Guidelines 

Overall, 19.8% of participants met all movement behaviour recommendations, 

48.8% met two recommendations, 25.6% met one recommendation, and 5.8% met no 

recommendations from the WHO’s Guidelines on Physical Activity, Sedentary 

Behaviour and Sleep for Children Under 5 Years of Age.2 Sleep recommendations 

were most frequently met (76.7%), and approximately half of participants met the 

physical activity (55.8%) and sedentary behaviour (50.0%) recommendations. 

Adherence to movement behaviour recommendations, individually and in 

combination, are presented in a Venn diagram in Figure 1. The mean number of 

recommendations met by sexes was 1.9 for males and 1.7 for females, which were not 

significantly different based on one-way ANOVA tests (F(1,84) = 1.041, p = .31). 

The mean number of recommendations met for normal-weight, at-risk of overweight, 

and overweight categories was 1.9, 1.7, and 1.6, respectively. These weight category 

differences were not statistically significant (F(2,83) = 0.7567, p = .47). Participants 

from urban locations met a mean of 1.8 recommendations and those from rural 

locations met a mean of 2.0, which were not statistically different (F(1,84) = 2.092, p 

= .15). 
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Table 2. Descriptive characteristics of participants included in analyses of movement 

guideline adherence in the Canadian SUNRISE pilot study. 

Variable (n = 86)a 

Age (years) 4.5 ± 0.5 

Sex  

Male 

Female 

 

52.3% (n = 45) 

47.7% (n = 41) 

BMI z-score weight categoryb 

Normal-weight 

At-risk of overweight 

Overweight 

Mean BMI z-score 

 

73.3% (n = 63) 

18.6% (n = 16) 

8.1% (n = 7) 

0.7 ± 0.9 

Recruitment site  

Childcare centre 

School 

 

16.3% (n = 14) 

83.7% (n =72) 

Location  

Urban 

Rural 

 

75.6% (n = 65) 

24.4% (n = 21) 
a Mean and standard deviation values were presented for continuous variables, and 

percentage and frequency for categorical variables. 
b Body mass index (BMI) z-scores were categorized using the following definitions: 

wasted z-score = < - 2.0; normal-weight z-score = ≥ - 2.0 and ≤ 1.0; at-risk of 

overweight = >1.0 and ≤ 2.0; overweight = >2.0 and ≤ 3.0; obese = >3.0. 

 

Table 3. Daily time Canadian SUNRISE pilot study participants spent in total 

physical activity, moderate to vigorous intensity physical activity, screen time, and 

sleep. 

Full Sample (n = 86) 

Daily time in movement behaviours Mean ± SDa 95% CIb 

Total physical activity (mins) 

Moderate to vigorous physical activity 

(mins) 

Screen time (mins) 

Sleep (hrs) 

384.6 ± 71.7 

66.8 ± 27.4 

 

94.0 ± 93.9 

10.5 ± 1.0 

397.9-367.6 

72.5-61.0 

 

113.8-74.1 

10.7-10.3 
a Standard deviation (SD) 
b Confidence interval (CI) 
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Figure 1. Venn Diagram of the proportion (%) of participants (n=86) meeting no 

recommendations; physical activity, sedentary behaviour, and sleep 

recommendations; and combinations of recommendations. 

Legend: The respective recommendations for physical activity, sedentary behaviour, 

and sleep: ≥180 mins of daily physical activity with at least 60 mins being moderate 

to vigorous intensity; no more than 1 hr of daily screen time and not restrained while 

seated for more than 1 hr; and 10-13 hrs of daily sleep with consistent sleep and wake 

times. The sum of each circle equals the proportions of participants meeting 

recommendations for that individual movement behaviour. 

 

International Screen Time Comparison (Objective 3) 

 Data from 797 participants from the Brazil, Canada, China, Papua New 

Guinea, South Africa, Sweden, United States, and Zimbabwe SUNRISE pilot studies 

were available for analyses. These countries represented a range of HDI backgrounds 

from a high of 0.937 in Sweden to a low of 0.543 in Papua New Guinea. The overall 

sample included participants ranging in age from 2.6-5.9 years-old. Participants not 

between 3.00-4.99 years of age, and participants missing screen time or 

anthropometric data were excluded from analyses (n = 206). Consequently, 591 

participants were included in analyses, with a mean age of 4.3 ± 0.4 and a mean BMI 

z-score of 0.6 ± 1.2. Descriptive characteristics of participants are presented in Table 

Physical Activity  

Sleep 
Sedentary 
Behaviour 

5.8 

19.8 

23.3 

18.6 

7.0 

15.1 4.7 

5.8 
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4 and mean and median screen time per country are presented in Table 5. Shapiro-

Wilk normality tests and visual inspection of histograms indicated that the screen 

time data were not normally distributed; therefore non-parametric tests were used for 

analyses. In total, 21 daily screen time outliers were identified, however sensitivity 

analyses revealed that removing these participants (3.6% change in sample size) 

resulted in a change of only 1.9% in terms of participants meeting screen time 

recommendations. The screen time outlier values were all plausible and it was not 

possible to determine whether they were the result of error, so they were left in the 

sample for analysis. 

Overall, participants averaged 99.8 ± 91.3 mins (median = 60 mins) of screen 

time per day. Mean daily screen time ranged from a high of 158 ± 125 mins (median 

= 120 mins) in Brazil to a low of 70 ± 82 mins (median = 30 mins) in Papua New 

Guinea. In the overall sample, 51% of participants met screen time recommendations. 

Among the urban and rural samples, 52% and 50% of participants met 

recommendations, respectively. The Brazilian sample had the lowest screen time 

adherence with only 20% meeting recommendations, whereas China and Papua New 

Guinea lead all countries with 66% adherence. Country HDI levels and proportion of 

participants meeting recommendations by country, sex, and location can be found in 

Table 6.  

Results from Chi square tests showed that there were statistically significant 

differences between countries in the proportion of participants meeting screen time 

guidelines (ꭓ2(7, n = 591) = 49.3, p < .001). Post-hoc pairwise comparison of 

proportion tests revealed several significant differences in the proportion of 
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participants meeting screen time recommendations between several countries, as 

presented in Table 7. Chi square test results also indicated that there were no 

statistically significant screen time adherence differences between sexes (ꭓ2(1, n = 

591) = 0.38,  p = .54) or between participants from urban and rural areas (ꭓ2(1, n = 

591) = 0.36,  p = .55). Chi square tests were statistically significant for adherence 

differences between BMI z-score categories (ꭓ2(4, n = 591) = 10.7,  p = .03), however 

Bonferroni adjusted pairwise comparison of proportion tests did not indicate any 

statistically significant category comparisons. Additionally, chi square tests indicated 

statistically significant differences between highest household educational attainment 

categories and guideline adherence (ꭓ2(4, n = 591) = 11.8,  p = .02), although 

differences were only significant between the second (primary school/some high 

school) and third (high school) categories (p = .03). 

Logistic regression results and odds ratios for HDI group, sex, and urban/rural 

location associated with meeting/not meeting screen time recommendations are 

presented in Table 8. Odds ratios were not calculated for weight categories due to 

small group sizes. When controlling for age, sex, and parental education, odds ratios 

were not statistically significant for urban/rural locations. When controlling for age 

and parental education, the odds ratio for sex was not statistically significant. Tukey-

corrected odds ratios were statistically significant for the very high relative to the 

high HDI group (odds ratio = 0.62, p = .04) and the medium to low relative to the 

very high HDI group (odds ratio = 2.74, p < .001). 

Spearman’s Rank Correlation Coefficient test results indicated that daily 

screen time was not significantly associated with BMI z-scores (rs(589) = .08, p = 
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.06,) or age (rs(589) = .03, p = .50). Kruskal-Wallis tests similarly indicated no 

differences in daily screen time between sexes (ꭓ2(1, n = 591) = 0.05, p = .83) or 

between urban and rural participants (ꭓ2(1, n = 591) = 0.52, p = .47). Kruskal-Wallis 

tests revealed significant differences in screen time levels between parental education 

categories (ꭓ2(4, n = 591) = 25.8, p < .001). Bonferroni adjusted pairwise comparisons 

showed that screen time differences were significant between the primary 

school/some high school and high school (p < .001), primary school/some high school 

and post-secondary (p = .02), and high school and post-secondary levels (p = .03). 

Chi square tests revealed statistically significant differences in proportions 

adhering to screen time recommendations between HDI groups (ꭓ2 = 12.4, p = .002). 

Pairwise comparison of proportions indicated that this difference was between the 

very high HDI and medium to low HDI groups (p = .003). Similarly, Kruskal-Wallis 

tests revealed significant differences in daily screen time between HDI groups (ꭓ2(2, n 

= 591) = 24.3, p < .001), with pairwise comparisons of proportions indicating 

significantly higher screen time in the very high HDI group relative to the medium to 

low HDI group (p = .002). Daily screen time and screen time recommendation 

adherence broken down by HDI groups can be seen in Figures 2 and 3, respectively. 
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Table 4. Descriptive characteristics of participants from the SUNRISE pilot studies of 

8 countries included in analyses of screen time adherence. 

Variable Full sample (n = 591) a 

Age (years) 4.3 ± 0.4 

Sex 

Male 

Female 

 

50.3% (n = 297) 

49.7% (n = 294) 

BMI z-score weight categoryb 

Wasting 

Normal-weight 

At-risk of overweight 

Overweight 

Obese 

Mean BMI z-score 

 

0.7% (n = 4) 

69.0% (n = 408) 

21.5% (n = 127) 

6.6% (n = 39) 

2.2% (n = 13) 

0.6 ± 1.2 

Location 

Urban 

Rural 

 

51.9% (n = 307) 

48.1% (n = 284) 

Highest household educational 

attainment 

No schooling/Lowest level 

Primary school/Secondary School 

High School 

Post-secondary 

Do not know/Did not answer 

 

 

0.2% (n = 1) 

9.5% (n = 56) 

32.5% (n = 192) 

55.0% (n = 325) 

2.7% (n = 16) 
a Mean and standard deviation values were presented for continuous variables, and 

percentage and frequency for categorical variables. 
b Body mass index (BMI) z-scores were categorized using the following definitions: 

wasted z-score = < - 2.0; normal-weight z-score = ≥ - 2.0 and ≤ 1.0; at-risk of 

overweight = >1.0 and ≤ 2.0; overweight = >2.0 and ≤ 3.0; obese = >3.0. 

 

Table 5. Mean and median daily screen time among SUNRISE pilot study 

participants from 8 countries. 

Country (Sample size) Daily Screen Time (mins) 

 

Brazil (n = 49) 

Canada (n = 99) 

China (n = 141) 

Papua New Guinea (n = 80) 

South Africa (n = 81) 

Sweden (n = 94) 

United States (n = 27) 

Zimbabwe (n = 20) 

Overall (n = 591) 

Mean ± SDa 

158.0 ± 124.7 

98.4 ± 95.4 

75.9 ± 66.6 

69.9 ± 81.8 

127.2 ± 105.8 

104.8 ± 69.3 

118.3 ± 93.4 

93.3 ± 94.4 

99.9 ± 91.3 

Median (IQR)b 

120 (90) 

60 (60) 

60 (90) 

30 (105) 

120 (120) 

90 (60) 

120 (135) 

52.5 (123.75) 

60 (90) 
a Standard deviation (SD) 
b Interquartile range (IQR) 
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Table 6. Proportion of participants in 8 SUNRISE pilot studies adhering to screen 

time recommendations (no more than 1 hr of daily screen time) by country, sex, 

location, and highest household educational attainment. 

Variable 

Proportion Adhering to Screen Time 

Recommendations (%) 

Country (HDI)a 

Brazil (0.761) 

Canada (0.922) 

China (0.758) 

Papua New Guinea (0.543) 

South Africa (0.705) 

Sweden (0.937) 

United States (0.920) 

Zimbabwe (0.563) 

 

20.4 

51.5 

66.0 

66.3 

48.1 

37.2 

33.3 

55.0 

HDI Group 

Very high (0.8-1.0) 

High (0.7-0.79) 

Medium to low (<0.69) 

 

43.2 

52.4 

64.0 

Sex 

Male 

Female 

 

52.2 

49.7 

Location 

Urban 

Rural 

 

52.1 

49.6 

Highest household educational 

attainment 

No schooling/Lowest level 

Primary school/some high school 

High School 

Post-secondary 

Do not know/Did not answer 

 

 

100 

66.1 

42.7 

52.6 

56.3 
a Human Development Index (HDI) 
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Table 7. P-value results of post-hoc pairwise comparison of proportions of 

participants meeting screen time guidelines (≤1 hr daily screen time) by SUNRISE 

pilot study country. 

 Brazil Canada China 

Papua 

New 

Guinea 

South 

Africa Sweden 

United 

States 

Canada 0.02 - - - - - - 

China <.001 0.9 - - - - - 

Papua New 

Guinea 

<.001 1.0 1.0 - - - - 

South 

Africa 

0.08 1.0 0.39 0.86 - - - 

Sweden 1.0 1.0 <.001 0.007 1.0 - - 

United 

States 

1.0 1.0 0.08 0.16 1.0 1.0 - 

Zimbabwe 0.31 1.0 1.0 1.0 1.0 1.0 1.0 

  

Table 8. Binary logistic regression analysis of screen time recommendation (<1 hr 

daily screen time) adherence by Human Development Index, sex, and urban/rural 

location based on SUNRISE pilot studies in 8 countries (Brazil, Canada, China, 

Papua New Guinea, South Africa, Sweden, United States, and Zimbabwe; n = 591). 

Predictor βa 

Standard 

Error β p-value 

eβ 

(odds 

ratio) 

HDIb 

Medium to low (<0.69) –  

High (0.70-0.79) 

Very high (0.8-1.0) - High 

Medium to low – Very high 

 

 

0.54 

-0.47 

1.01 

 

 

0.25 

0.20 

0.28 

 

 

.08 

.04 

<.001 

 

 

1.72 

0.62 

2.74 

Sexc 

Male - Female 

 

-0.09 

 

0.16 

 

.57 

 

0.91 

Urban/rural locationd 

Urban - Rural 

 

-0.11 

 

0.17 

 

.50 

 

0.89 
a Beta coefficient 
b Model controlling for age, sex, and parental education; Human Development Index 

(HDI); very high (Canada, Sweden, and United States), high (Brazil, China, and 

South Africa), and medium to low (Papua New Guinea and Zimbabwe) 
c Model controlling for age and parental education. 
d Model controlling for age, sex, and parental education. 
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Figure 2. Box plots of daily screen time among SUNRISE pilot study participants (n 

= 591) categorized into very high (Canada, Sweden, and United States), high (Brazil, 

China, and South Africa), and medium to low (Papua New Guinea and Zimbabwe) 

Human Development Index (HDI) categories. 

  
Figure 3. Bar plot of adherence to screen time recommendations (no more than 1 hr of 

daily screen time) by very high (Canada, Sweden, and United States), high (Brazil, 

China, and South Africa), and medium to low (Papua New Guinea and Zimbabwe) 

Human Development Index (HDI) categories among SUNRISE pilot study 

participants (n = 591). 
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Actical and activPAL Movement Behaviour Measurement Comparison 

(Objective 4) 

 There were 31(12 female, 19 male) participants with activPAL and Actical 

data available for analyses, with 58 total days of accelerometer wear time available 

for comparison of steps and sedentary/sitting time. Descriptive characteristics of 

participants included in analyses are presented in Table 9. The mean wear time for 

Acticals was 803 ± 70 mins per day and 836 ± 2 mins per day for activPALs. Mean 

daily steps recorded by Actical and activPALs were 11,340 ± 4497 and 10,911 ± 

3664, respectively. Mean sedentary/sitting time was 440 ± 88 mins per day as 

measured by Acticals and 467 ± 130 mins per day as measured by activPALs. Daily 

steps and sedentary/sitting time were weighted by wear time calculated for that day. 

 Data from Acticals and activPALs were compared with paired t-tests. Step 

counts alone (t=0.783 df=57, p=.44) and step counts weighted by wear time (t=1.836, 

df=57, p=.07) were not significantly different, with mean differences of 429 steps and 

1 step per min of wear time, respectively. Sedentary time recorded by Acticals and 

sitting time recorded by activPALs alone had a mean difference of -26.7 mins and 

were not significantly different (t=-1.555, df=57, p=.13). Wear time weighted 

sedentary/sitting time had a mean difference of -0.005 mins of sedentary/sitting time 

per min of wear time, which was not statistically significant (t=-0.400, df =57, p=.69). 

Bland-Altman plots comparing weighted steps and sedentary/sitting time 

between devices were generated and are presented in Figures 4 and 5, respectively. 

The mean difference between weighted measures of steps was 1.15, indicating a bias 

of +1.15 steps per min of wear time with activPALs relative to Acticals. Visually, 
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from the steps plots, it appears that Acticals tend to measure fewer steps than 

activPALs when the average steps per min of wear time are lower and the opposite 

trend was true when the average steps per min of wear time was higher. In the 

weighted steps plots, no values laid outside of the 95% CIs. In terms of the weighted 

sedentary/sitting time plots, the mean measurement difference was -0.0047, which 

indicates a bias of -0.28 seconds of sedentary/sitting time per min of wear time 

among activPALs relative to Acticals. Values appeared equally distributed in the 

sedentary/sitting time plots and only one value was outside of the 95% CIs. 

The computed ICC for weighted steps showed that the reliability between 

measures was not statistically significant as the ICC value of 0.04 was not 

significantly different from 0 (F(1,57) = 3.37, p = .07). With regard to weighted 

sedentary behaviour/sitting time, the ICC value of -0.01 was also not significantly 

different from 0 (F(1,57) = 0.16, p = .69). 

Although both devices were worn continuously for a 3-day period, it was not 

possible to compare sleep data recorded by both devices. There are no established 

guidelines or validation studies for the use of Acticals or activPALs to measure sleep 

in preschoolers, therefore it was not possible to meaningfully assess and compare 

accelerometer data recorded during sleep periods. 
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Table 9. Descriptive characteristics of participants who wore Actical and activPAL 

accelerometers in the Canadian SUNRISE pilot study. 

Variable Full sample (n = 31)a 

Age (years) 4.5 ± 0.3b 

Sex  

Male 

Female 

 

61% (n = 19) 

39% (n = 12) 

Mean daily wear time (mins) 

Actical 

activPAL 

 

803 ± 70.2 

836 ± 132.5 

Mean daily steps 

Actical 

activPAL 

 

11340.4 ± 4497.0 

10910.9 ± 3664.4 

Mean daily sedentary/sitting time 

(mins) 

Actical 

activPAL 

 

 

439.8 ± 87.8 

466.5 ± 130.4 
a Mean and standard deviation values were presented for continuous variables, and 

percentage and frequency for categorical variables. 
b ± Standard deviation 

 
Figure 4. Bland-Altman plot of differences between daily step counts weighted by 

wear time measured by activPAL relative to Actical accelerometers (n = 58). 
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Figure 5. Bland-Altman plot of differences between sedentary time/sitting time 

weighted by wear time measured by activPAL relative to Actical accelerometers (n = 

58). 

  



  92 

Discussion 

Feasibility of the SUNRISE Study (Objective 1) 

 The first objective of this project was to assess the feasibility of the SUNRISE 

study measurement instruments and protocols. Overall, the Canadian SUNRISE pilot 

study revealed mixed findings regarding the feasibility of the SUNRISE study.  

Feasibility of Recruitment 

 In terms of achieving the target sample size of 100 participants (50 urban and 

50 rural), low enrollment rates at both childcare centres (10.3%) and schools (17.7%) 

limited the study’s ability to reach this target in a timely or efficient manner. 

Although a sample size of 106 participants was eventually reached, doing so required 

research staff to contact all of the 169 schools in the OCDSB and OCSB. Response 

rates in the current study were low compared to other similar physical activity studies 

conducted within schools in Ottawa. For example, a multi-site study on active 

transportation and independent mobility that was conducted in Ottawa schools had a 

response rate of 60.6%.194 Additionally, in the Canadian ISCOLE study, 

accelerometry and questionnaire data were collected from over 500 school-aged 

children attending Ottawa schools with a response rate of 50%.195 In terms of 

childcare centres, a randomized controlled study of a physical activity intervention 

among preschoolers attending childcare centres in Ottawa had a 66% response rate.196 

The lower response rates in the SUNRISE study may be partly explained by a lack 

perceived attractiveness of movement behaviour research among parents. Relative to 

research that is grounded in established topics such as obesity, active transportation, 
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and childcare-based physical activity interventions, a surveillance study of movement 

behaviours may not carry a similar degree of perceived importance among parents.  

The target sample of 50 urban children was met (n = 83), however the target 

of 50 rural participants was not met (n = 23) due in part to the study’s research ethics 

rejection from the UCDSB. The current study’s research ethics application was 

rejected due to a perceived lack of direct benefits that the study would provide the 

UCDSB. This requirement by the UCDSB was unforeseen and recruitment in the 

UCDSB was intended to fulfill the rural sample. Instead, the rural sample consisted of 

participants from 3 rural childcare centres and 2 rural OCDSB schools. Study 

recruitment outside of the summer period was entirely dependent on being able to 

recruit within schools. Due to this dependency on schools, a failure to gain research 

ethics approval from the school boards could severely impair recruitment for the main 

Canadian SUNRISE study if it were to occur solely in Ottawa. Given that the target 

sample size of the main SUNRISE study is 500-1000 (with an even urban and rural 

split) participants per country, it is unlikely that the City of Ottawa alone would be a 

feasible location to conduct the main Canadian study. Instead of recruiting solely in 

the Ottawa area, it would be beneficial to spread recruitment across multiple sites 

throughout Canada. Moreover, the Canadian pilot study sample was likely non-

representative and was skewed towards Caucasian participants with post-secondary 

household educational attainment. It is recommended that the main SUNRISE study 

employ a methodology that closely resembles a random sampling approach to 

maximize representativeness, although this may prove to be an issue given the 

difficulties experienced in Ottawa with recruitment. 



  94 

  From conversations with the principals of schools, there were several 

instances of principals expressing interest in participating in the SUNRISE study but 

declining to participate due to their school’s recent participation in another study. The 

City of Ottawa has two public universities and two public colleges; all potentially 

competing to conduct research studies within the Ottawa school boards. The 

oversaturation of research demands among the schools in Ottawa is a potential 

explanation for the difficulties recruiting schools to participate in the Canadian 

SUNRISE study. Results from a qualitative study on why people participate in 

epidemiological research indicated that individuals are more likely to participate in 

research that they believe provides a broad public benefit or in research that is 

focused on an illness that they, their family, or their friends have been impacted by.197 

A Canadian study also reported that participation was positively influenced by the 

potential to provide future health benefits to themselves or society and receiving a 

copy of study results.198 Provided that movement behaviours are not established 

pathologies, it is possible that the parents of eligible children at participating sites did 

not view movement behaviours as a study topic that was relevant to them or their 

children. In this regard, research has found that many parents believe that their 

preschool-aged children are sufficiently active.199 Therefore, parents approached for 

the current study potentially may not have perceived research on physical activity and 

related movement behaviours as a priority. Additionally, in the SUNRISE study 

documents it was not explicitly stated that parents could receive a copy of their 

child’s results, which may have deterred some parents from consenting to their 

child’s participation in the study. This speculation is further supported by comments 
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in parent/guardian feedback documents in which several parents stated their interest 

in seeing their child’s study results.  

Feasibility of Accelerometry 

In general, participants adhered to the Actical wear protocol and enjoyed 

wearing the device. One reoccurring complaint from parents/guardians was that the 

belts used to wear Acticals were too large, uncomfortable for their child, or falling off 

their child (15%). Size “small” belts were used in this study; however the use of 

smaller belts would have likely mitigated reported wear issues. Well-established 

physical activity intensity cut-points facilitated data reduction and there were no 

reported negative physical or behavioural reactions to wearing Acticals. Acticals have 

been validated for use among preschool-aged children,167,175 and they have been used 

in a large-national study of the physical activity of  Canadian preschool-aged 

children.127 Based on this evidence, Acticals appear to be a feasible instrument for 

assessing physical activity in the SUNRISE study. 

One issue with activPAL accelerometers was the lack of consistency among 

validation studies of physical activity intensity determined by activPALs among 

preschool-aged children.176,179,182 The new WHO movement guidelines for children 

under 5 years of age provide physical activity recommendations based on total 

physical activity and MVPA.2 Therefore, it is critical that the devices used to assess 

adherence to this component of the guidelines be able to correctly categorize physical 

activity intensities. Additionally, the inconvenience of applying activPALs to 

participant’s thighs when they were wearing pants/leggings added time and a degree 

of invasiveness to the data collection process. Of 33 participants that wore activPALs 
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in the Canadian SUNRISE pilot study, there were 4 (12%) reports of skin irritation 

associated with the wear of activPALs. Rashes/irritation were reported to occur on the 

area the children’s thighs where the waterproofed activPALs were in direct contact 

with the skin. Following these reports of rashes/irritation, activPALs were removed 

from the Canadian SUNRISE pilot study and appropriate follow-up was carried out 

with affected parents/guardians and relevant research ethics boards. Consistent with 

the reports of irritation in the current study, other studies have also reported similar 

issues associated with the continuous wear of activPALs.176,200 In one of the studies, 

39% of the adolescent participants reported skin irritation associated with wearing 

activPALs and 55% reported that they would rather not wear the device again.200 In 

another study of 4-6 year-old children, 38% of parents reported that their children had 

skin irritation due to wearing activPALs for consecutive days.176 Based on these 

findings, activPALs are not feasible accelerometers to be included in the SUNRISE 

study. 

In consideration of the 3-day accelerometer protocol, the short data collection 

period limited the amount of days available for analysis. Two valid days was the 

maximum amount available for analysis in this sample, and participants with only 1 

valid day were not included in analyses. Findings from a study by Penpraze and 

colleagues201 indicated that a 7-day protocol maximizes the reliability of physical 

activity estimates in 5 year-old children, but also suggest that a minimum of a 3-day 

protocol may be sufficient. Another study of physical activity measurement in 

children 1-5 years-old found that any 2 valid weekdays or weekend days of 

accelerometer data were sufficient for measuring physical activity.202 Consistent with 
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these results, findings from Hislop and colleagues suggest that 3 days, regardless of 

the inclusion of a weekend day, provided sufficient reliability for characterizing 

physical activity in 3-4 year-old children.203 Although it appears that the current 3-

day protocol (no weekends included) of the SUNRISE study is feasible, in order to 

maximize the number of participants included in analyses, the study protocol would 

likely benefit from a longer accelerometer protocol. For example, a nationally-

representative study of movement behaviours among preschool-aged children used a 

7-day protocol with the inclusion of participants with 3 or more valid days.127 

Expanding the length of the protocol would provide more allowance for non-wear, 

and could improve the reliability of physical activity estimates. 

Feasibility of Motor Skills Testing 

 Overall, ASQ testing was simple to administer, not excessively time 

consuming, and was well tolerated by participants in this study. Additionally, the 

ASQ has been employed internationally in a range of contexts without a significant 

attenuation in performance.204 Thus, the ASQ appears to be a good test for an 

international surveillance study. However, as noted previously, the ASQ was 

designed to be completed by a parent or a trained professional who is familiar with 

the child.204 In this study, researchers who were unfamiliar with the participants were 

administering the tests, therefore some questions arise as to the validity of the test 

when administered in this manner. At all study sites it was not possible to score the 

gross motor item related to climbing a ladder and sliding down a slide due to a lack of 

access to readily available slides, although the scoring of the ASQ allows for adjusted 

scoring to account for missing items.205 It is advisable that in the main SUNRISE 
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study, the motor skills testing protocol should either be modified to have the ASQ 

scored by the parents/guardians of participants, which might present its own 

feasibility issues, or be changed for a different battery of validated motor tests. 

Alternative motor development tests include the Bayley Scales of Infant Development 

(BSID II), however the BSID II also comes with its own limitations in that it is costly, 

time consuming, and requires a trained professional to administer the test.206 

Feasibility of Executive Function Testing 

 In general, participants disliked the EYT games included in the study 

protocol. Contrary to how the games are described by their creators as being short (<5 

mins) and engaging,188 many participants found the games to be excessively long and 

unengaging. Given the ubiquitous nature of screens in society and the high prevalence 

of screen time among children,95 it is surprising that many children found screen time 

in the form of the EYT games uninspiring. The scores of some participants may have 

been inaccurate due to mid-game distractions that caused the child to lose focus from 

the game. Issues that children had with remaining engaged with games and 

completing them properly suggest that potential alternative measures of executive 

function should be investigated. Although the EYT protocol in the SUNRISE study 

still appears to feasible, an alternative battery of games such as the NIH Toolbox 

(National Institutes of Health, Bethesda, MD, United States) should be explored as a 

potentially more suitable alternative.  

Feasibility of Parent/Guardian Questionnaire 

 Parents reported several issues related to the wording of items in the 

parent/guardian questionnaire. Questions beginning with “In a 24 hour period in the 
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past week” caused confusion among parents and it is recommended that the question 

be reworded to be clearer. Additionally, it is recommended that the item related to the 

sex of the “main caregiver” be changed to reflect the fact that in the Canadian context 

many parents share equal caregiving responsibility for their children.  

 Many parents also reported that their estimations of their child’s physical 

activity were inaccurate because they were not fully aware of their child’s activity 

while at childcare centres/schools. Despite this, results from a study comparing parent 

reported and accelerometer measured physical activity among children under 6 years 

of age found weak to moderate correlations between the two measures, with the 

highest correlations between parent reported unstructured physical activity inside 

daycare/school and accelerometer-measured total physical activity.207 Therefore, it is 

possible that as a result of the structured nature of childcare centres/schools, parent 

reported physical activity in this study had higher accuracy than was initially 

perceived by parents. 

 In relation to questions on physical activity, a number of parents commented 

about perceived seasonal variation in their child’s physical activity. Several studies 

have found that these concerns are well-founded. A systematic review found evidence 

that physical activity varies seasonally, and poor weather was identified as a barrier to 

physical activity.208 In a study of preschool children in Edmonton, Canada, there were 

significant seasonal differences in total physical activity, weekday physical activity, 

and weekend physical activity, with children less likely to be physically active in the 

winter.209 These findings were in contrast to a Finnish study of 3 year-old children 

where seasonality was found to only minimally influence children’s physical 
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activity.210 Given that Canada’s climate varies considerably throughout the year,211 

seasonality likely plays a role in influencing a child’s physical activity. In the 

Canadian SUNRISE pilot study, data were collected from participants across all 

seasons. Therefore, it is advisable that in the main SUNRISE study, the season of the 

data collection period be taken into account. 

There were not any issues related to the screen time or sleep items in the 

parent/guardian questionnaire. Although, as both measures were parent-reported, 

social desirability bias may have led to underestimation of their child’s screen time, 

while erroneous recall may have resulted in overestimations.212 The objective 

assessment of sleep duration is relatively well established,213 and the main SUNRISE 

study would likely benefit from using actigraphy to assess adherence to sleep 

guidelines in order to reduce the risk of bias or reporting error. Objective means for 

assessing the screen time of preschool-aged children are still underdeveloped and 

especially in the context of a large international surveillance study, subjective parent 

reports are likely the most feasible protocol for the main SUNRISE study. 

24-Hour Movement Behaviour Adherence (Objective 2) 

 Findings from the Canadian SUNRISE pilot study indicate that few 

participants were adhering to the WHO’s movement guidelines for the early years.2 In 

this study, 19.8% of participants were adhering to all 3 movement behaviour 

recommendations, 48.8% were adhering to two recommendations, 25.6% were 

adhering to one recommendation, and 5.8% were not adhering to any 

recommendations. More specifically, 76.7% of participants were adhering to sleep 

recommendations, 55.8% to physical activity recommendations, and 50% to 
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sedentary behaviour recommendations. There were also no significant differences in 

the number of recommendations met by sex, weight category, or urban/rural location. 

These results were consistent with those of a nationally-representative 

Canadian study,127 which found similar proportions in terms of the number of 

movement behaviours recommendations met (12.7%, 48.0%, 36.0%, and 3.3% of 3-4 

year-old children were meeting all, two, one, and none of the recommendations from 

the Canadian movement guidelines for the early years, respectively).57 Similar to the 

Canadian SUNRISE pilot study, the study used Acticals and the same activity count  

cut-points to objectively assess physical activity adherence and parent-reports to 

assess screen time and sleep adherence. The WHO movement behaviour guidelines 

for the early years2 were based on the Canadian guidelines3 and Australian 

guidelines4 and composed of essentially identical recommendations for movement 

behaviours.  

Regarding individual movement recommendations, findings were only 

somewhat consistent with previous studies. In the current study, most participants 

were meeting sleep recommendations (76.7%), which was relatively similar to 

findings from several Canadian and Australian studies of movement behaviours in the 

early years (82-88%).127,151–153 However, although physical activity adherence 

(55.8%) approximated results by Chaput and colleagues (61.8%),127 substantially less 

were adhering to recommendations in the Canadian SUNRISE pilot compared to 

other Canadian and Australian studies (93-99%).151,153 In a study by Carson and 

colleagues, the opposite trend was found, where only 19% of 3-4 year-old participants 

were meeting physical activity recommendations. These findings may be partially 
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explained by the use of similar devices (Acticals) and  cut-points by Canadian 

SUNRISE pilot study and the study by Chaput and colleagues.127 The other 

aforementioned studies utilized ActiGraph accelerometers (ActiGraph, Pensacola, FL, 

United States), which have different associated cut-points based on the device-

specific activity counts. As well, except for the study by Chaput and colleagues,127 the 

other previous studies did not include representative samples, which may have 

contributed to the observed differences in proportions adhering to physical activity 

recommendations. Lastly, regarding sedentary behaviour/screen time adherence, the 

results from the Canadian SUNRISE pilot study (50%) was similar to findings from a 

Canadian study involving 3 year-old children from Edmonton, where 50.5% of 

participants were found to be meeting screen time recommendations.152 This is in 

contrast to other studies where significantly fewer participants were meeting screen 

time recommendations (5-24%).104,127,151,153 Overall, it appears that most children are 

meeting sleep recommendations, however findings are mixed in terms of the 

proportions meeting physical activity and sedentary behaviour/screen time 

recommendations. 

Differences in proportions adhering to movement recommendations between 

studies are potentially attributable to the more stringent criteria used in the Canadian 

SUNRISE pilot study to determine adherence to sedentary behaviour and sleep 

recommendations. In other studies,127,151–153 adherence to sedentary behaviour/screen 

time recommendations was defined as no more than 1 hr of daily screen time, and 

sleep recommendations were defined as 10-13 hrs of sleep per day. However, 

adherence to sedentary behaviour recommendations in Canadian SUNRISE pilot 
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study was defined as no more than 1 hr of daily screen time and not restrained while 

seated for more than 1 hr at a time. In addition, sleep recommendation adherence in 

this study was defined as 10-13 hrs of sleep per day with consistent wake and sleep 

times. These additional movement behaviour recommendation caveats likely 

decreased the proportion of children meeting sedentary behaviour and sleep 

recommendations compared to other studies. In the case of sleep adherence, using 

less stringent criteria likely would have increased adherence and brought results 

closer to findings from other studies, however with regard to screen time, less 

stringent definitions would have exacerbated the differences in findings (i.e., 

increased already higher adherence proportions relative to other studies). 

Additionally, the current study’s sample was not representative and was biased 

towards higher household educational attainment and Caucasian ethnicity, which may 

have contributed to differences in findings. 

The lack of differences between sexes and weight categories are consistent 

with movement behaviour findings from Chaput and colleagues who reported similar 

findings among a nationally-representative sample of 3-4 year-olds.127 These findings 

suggest that, potentially, sex difference in adherence to movement guidelines do not 

appear until after the early years. In the current study and the study by Chaput and 

colleagues,127 most participants were normal weight or at risk of overweight, 

therefore there may have been inadequate statistical power to detect differences 

between significantly different weight categories (e.g., normal weight compared to 

obese). No studies have previously assessed urban/rural differences in movement 

guideline adherence in a preschool-aged sample. One study of Mozambican children 
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found differences between urban (3.6%) and rural (17.7%) children meeting all 3 

movement recommendations.154 However, that study involved an older population (9-

11 year-olds) and the differences between urban and rural Mozambique are likely 

quite significant. In contrast, the differences between urban and rural Ottawa are less 

distinct, which may have attenuated potential differences in proportions meeting 

guidelines.  

In short, the results from the Canadian SUNRISE pilot study indicate that half 

of participants were not meeting sedentary behaviour guidelines and nearly half were 

not meeting physical activity recommendations. In contrast, a relatively high 

proportion of participants were meeting sleep recommendations. From what is known 

regarding the potential health consequences of unfavourable levels of movement 

behaviours in the early years,107 the findings in this study support the need for 

interventions to increase physical activity and decrease sedentary behaviour levels 

among young Canadian children. The full 24-hour period matters; and although many 

children were meeting sleep recommendations, associated benefits of meeting 

recommendations for this behaviour may be attenuated by unhealthy physical activity 

and sedentary behaviours.  

International Screen Time Comparison (Objective 3) 

 Based on the SUNRISE pilot data from Brazil, Canada, China, Papua New 

Guinea, South Africa, Sweden, United States, and Zimbabwe, 3-4 year-old 

participants averaged roughly 100 mins of screen time per day and 51% of 

participants were meeting screen time recommendations. Brazilian participants had 

the lowest screen time adherence (20%) and participants from China and Papua New 
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Guinea had the highest adherence (66%). There was significant variation in adherence 

proportions between countries based on non-parametric tests with statistically 

significant differences between Brazil and Canada, Brazil and China, Brazil and 

Papua New Guinea, China and Sweden, and Papua New Guinea and Sweden. In 

addition, logistic regression models controlling for the same descriptives indicated 

that participants from very high HDI countries had a 0.6 odds of meeting screen time 

recommendations relative to those from high HDI countries. Even more strikingly, 

participants from low to medium HDI countries had 2.7 times the odds of meeting 

screen time recommendations relative to those from very high HDI countries. 

Similarly, statistically significant differences in screen time between very high HDI 

countries and medium to low HDI countries were found in non-parametric tests, with 

higher screen time in very high HDI countries. There were also significant differences 

between the highest household educational attainment categories primary 

school/some high school and high school based on non-parametric tests. Although, 

this relationship was not linear with the primary school/some high school group 

having the highest adherence (66%), which was then followed by the post-secondary 

group (52.6%), and finally by the high school group (42.7%). There were also 

differences in daily screen time between highest educational attainment groups. There 

were no significant differences in screen time adherence proportions between sexes, 

weight categories, or urban/rural location. 

 The proportion of participants adhering to screen time recommendations was 

higher among these pilot samples than findings from other Canadian and Australian 

studies, which reported that 5-24% were meeting recommendations.104,127,151,153 



  106 

However, findings were consistent with one Canadian study of movement behaviours 

among 3 year-old children (50.5%).152 The findings were roughly consistent with 

results from the ISCOLE study, where 45.8% of participants (9-11 years-old) were 

adhering to screen time recommendations (no more than 2 hrs recreational screen 

time per day).103 The ISCOLE study had a sample composition similar to this current 

study and included samples from Australia, Brazil, Canada, China, Colombia, 

Finland, India, Kenya, Portugal, South Africa, the United Kingdom, and the United 

States. However, the ISCOLE study included an older participant group (9-11 year-

olds) with a different screen time threshold and the samples were larger and more 

representative than those in the current study. Interestingly, the SUNRISE pilot study 

screen time results for China were in contrast to those from the Global Matrix 3.0 of 

Physical Activity Report Cards for Children and Youth.214 In the Global Matrix 3.0, 

China was assigned a grade of “F”, which was informed by a nationally-

representative study indicating that only 7.1% of 9-17 year-olds are meeting screen 

time recommendations of no more than 2 hrs of daily screen time.215 These findings 

from the Global Matrix 3.0 were in contrast to the results from the SUNRISE pilot 

study results where 66% of 3-4 year-old participants were adhering to screen time 

recommendations. These results may partially be explained by the significant 

variation in the size of each country’s sample, the non-representativeness of samples 

included in the pilot studies, differences in measurement procedures, and differences 

in ages. 

 Based on results from the Global Matrix 3.0, which involved the participation 

of 49 countries from a range of HDI backgrounds, the mean letter grade for sedentary 
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behaviour was “D+”.214 A “D+” generally corresponds to 34-39% of children meeting 

sedentary behaviour recommendations of no more than 2 hrs of daily screen time for 

school-aged children and youth.214 Breaking this aggregated grade down, medium to 

low HDI countries had a mean grade of  “C+”, high HDI countries had a mean grade 

of “D”, and very high HDI countries had a mean grade of “D+”. These results are 

similar to the international screen time results of the current study where a similar 

negative linear gradient was observed between screen time and HDI levels (i.e., 

decreasing screen time recommendation adherence with increasing HDI values). 

Despite these trends, sedentary behaviours in the Global Matrix 3.0 were not 

significantly related to HDI, though this analysis may have been under-powered. Data 

used from the Global Matrix 3.0 were from an older age group (5-17 year-olds) than 

the current study and were collected using differing methodologies and 

benchmarks.214  

Although there were significant differences between highest household 

educational groups in terms of adherence to screen time guidelines and total daily 

screen time, the specific nature of these relationships is not clear. One study of 

Chinese preschoolers found that higher daily screen time was associated with lower 

maternal education.216 Another study of youth screen time, which involved a meta-

analysis of various international data from the ICAD, similarly found that participants 

with higher maternal education were more likely to have less than 2 hrs of daily 

screen time.88 These findings are in contrast to observations in the current study 

where the primary school/some high school category had the highest screen time 

adherence. With regard to sex, weight category, and urban/rural differences in daily 
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screen time and adherence to screen time recommendations, the current study did not 

find any statistically significant differences between groups. These findings are in 

contrast with previous studies where boys were found to have higher screen time and 

poorer adherence to screen time guidelines than girls,88,103 children with a poorer 

weight status were more likely to exceed screen time recommendations than those 

with a normal weight status,88,103 and children in rural locations were more likely to 

meet screen time recommendations than children from urban locations.154,217,218 

Potential explanations for these contrasting results include a younger study sample in 

the current study, relatively small and variable sample sizes among SUNRISE pilot 

countries, and the potential loss of cultural sensitivity through the recoding of highest 

household educational attainment levels. 

 Overall, nearly half of the preschool-aged participants from the SUNRISE 

pilot studies were not meeting screen time recommendations, which provides further 

evidence that many young children do not have healthy levels of sedentary screen 

time behaviour. Participants from very high HDI countries were found to have 

significantly lower adherence to screen time recommendations than participants from 

medium to low HDI countries. These trends are of concern given that many medium 

to low HDI countries, where children are relatively succeeding in terms of sedentary 

behaviours, are undergoing rapid economic transitions and becoming more like the 

high and very high HDI countries,219 where children have less favourable sedentary 

screen time behaviours. Despite these findings, there remains the need for nationally-

representative surveillance studies investigating screen time in the early years to 
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further clarify estimates of screen time adherence and its relationships with various 

correlates. 

Comparison of Actical and activPAL Physical Activity, Sedentary 

Behaviour, and Sleep Data (Objective 4) 

 As part of the Canadian SUNRISE pilot study, comparative analyses of 

Actical and activPAL step counts and sedentary/sitting time were performed. Based 

on 58 participant-days of comparison, it was found that Actical and activPAL step 

counts and sedentary/sitting time weighted by wear time have poor agreement. 

Although paired t-tests did not reveal any statistically significant differences between 

means of the measures, based on the computed ICC values there was poor reliability 

between Actical and activPAL measures of steps and sedentary/sitting time. Bland-

Altman plots that were generated did not reveal any significant measurement biases 

between Actical and activPAL outputs. Although there was visual evidence for a 

tendency of Acticals to measure less steps than activPALs when average steps per 

min of wear time was lower, and the opposite trend was observed for higher steps per 

min of wear time. These findings suggest that variation between Actical and 

activPAL measures were not biased in a consistent manner and were instead spread 

randomly, which is difficult to correct for. Additionally, it was not possible to 

compare sleep time due to a lack of validated algorithms for extracting sleep from 

Actical and activPAL data. 

 The step count findings from the Canadian SUNRISE pilot study were in 

contrast to those from a study by Aminian and colleagues, where it was found that 

Acticals recorded 33% more steps than activPALs among 5-11 year-old children.220 
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Another study of adults in a laboratory setting found a correlation of 0.66 between 

Actical and activPAL step counts.221 In terms of sedentary behaviour, a study 

involving preschool aged children found that although no systematic biases were 

apparent in Bland-Altman plots, sedentary behaviour as measured by Acticals and 

activPALs indicated moderate agreement and there was large random bias between 

measures.222 These results were somewhat consistent with the current study where no 

systematic biases were found between Actical and activPAL sedentary/sitting time. 

Although, their study found moderate agreement between measured sedentary times, 

which was in contrast to results from the current study. 

 A potential explanation for these observed differences between this study and 

previous studies was the methodology employed in the Canadian SUNRISE study. 

The accelerometer protocol in this study was not designed to maximize the 

comparability of Actical and activPAL measures. Daily wear time varied per 

participant and often varied per device as devices would fall off or were removed 

during waking hours. To correct for this variation, daily step counts and 

sedentary/sitting time were weighted by wear time for that day. This crude correction 

may have resulted in a loss of sensitivity compared to a protocol ensuring equal and 

time-matched wear time and direct comparisons of measures had been employed. 

Moreover, comparisons were performed at the day level in this study, whereas 

comparisons at the epoch level may have yielded differing results. In the study of 

sedentary behaviour comparisons by Van Cauwenberghe and colleagues, 

comparisons were performed on every 15 sec epoch for each full day of data.222 In 

addition, Actical sedentary time was based on established activity count cut-points, 
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whereas activPAL sitting time was determined with the positional data indicating a 

sitting or lying posture. Therefore, these differing criteria may have biased the types 

of activities being classified as sedentary behaviour by both devices. Lastly, the 

contrasting findings from the paired t-tests and ICC values are potentially explained 

by the random variation in step and sedentary/sitting time data. Paired t-tests are used 

to test differences between the means of two samples.223 However, the random 

variation between Actical and activPAL measures may have resulted in equal 

variation above and below the mean, which equated to mean differences that were 

relatively small. In contrast, the ICC is defined as the ratio of between-pair variance 

to the total variance.224 Therefore, the ICC was not influenced by random variation of 

the Actical and activPAL measures. 

 In summary, it appears that the use of Actical versus activPAL devices is not 

inconsequential, and the choice of device may have implications for step count and 

sedentary behaviour results. Although results from the current study should be 

interpreted cautiously, supporting evidence from other studies suggest that Acticals 

and activPALs yield different step and sedentary behaviour data. Further research is 

needed to develop activPAL physical activity intensity cutoffs to compare the 

classification of physical activity intensities between devices. Additionally, more 

comparative studies among preschool-aged populations are needed due to differences 

between the movement patterns of young children relative to older children and 

adults. Finally, sleep algorithms need to be developed in order to assess and compare 

sleep data recorded by Actical and activPAL devices.  
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Strengths and Limitations 

There were several strengths of the Canadian SUNRISE pilot study and the 

international comparison of screen time data from the SUNRISE pilot study samples. 

In this study, physical activity recommendation adherence was objectively assessed 

by accelerometry. As previously described, subjective means of assessing physical 

activity, such as parent reports, have a number of limitations for 4 year-olds,52-55 and 

therefore the use of accelerometers in this study provide direct insight into the 

physical activity of participants. The intended urban/rural balance of the study 

samples allows for the analysis of an important demographic independent variable 

that has been understudied, especially in the early years. The international 

comparisons of screen time data included 8 countries from a diverse range of HDI 

backgrounds, which allowed for analyses based on HDI groupings.  

 The Canadian SUNRISE pilot study and the international comparison of 

screen time data also had several limitations. First, the pilot study samples were not 

representative and varied in size, which imposes limitations on the generalizability of 

the results. In addition, in the Canadian SUNRISE pilot study the maximum number 

of valid days of accelerometer wear was limited to 2 days. Regarding accelerometry, 

objective methods are not without their own limitations in that they are unable to 

capture the full extent of bodily movements, they may accidentally capture non-

physical activity, they may be overly sensitive to small errors in calibration methods 

and cut-points used to categorize physical activity, and they provide no information 

on context (e.g., indoors versus outdoors, alone or with a group, at home or at 

school).54 In the Canadian study, study documents were only available in English, 
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which excluded Francophones and participants from non-English speaking immigrant 

backgrounds. Additionally, the parent-report measures used to assess screen time and 

sleep recommendation adherence may have been biased and objective measures 

would have been ideal. The comparison of Actical and activPAL results are likely not 

generalizable due to the methodology used in the Canadian SUNRISE pilot study. 

Future Directions 

 The findings from the SUNRISE pilot studies are intended to inform the 

design of the main SUNRISE surveillance study. Changes will be made to the main 

study’s protocol and measurement instruments based on issues identified in the 

Canadian pilot study and the pilot studies carried out in other countries. The main 

SUNRISE study will likely include the participation of over 30 countries and will be 

the first study to provide global estimates of levels of movement behaviours in the 

early years. Additionally, the main SUNRISE study will facilitate capacity building in 

low- and medium-income countries and create a global network of researchers 

investigating movement behaviours among young children. Future research should be 

aimed at developing sleep algorithms for objectively assessing sleep with Actical and 

activPAL accelerometers. Additionally, future work should target the development of 

activity count cut-points for preschool-aged children using activPAL accelerometers, 

and new protocols should be investigated for minimizing irritation associated with 

wearing the devices.  
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Conclusion 

In summary, results from the Canadian SUNRISE pilot study revealed mixed 

findings in terms of the feasibility of the study protocol in a Canadian context and 

helped to identify areas for improvement. Most sampled children from the Canadian 

SUNRISE pilot study were not adhering to the WHO’s Guidelines on Physical 

Activity, Sedentary Behaviour, and Sleep for Children Under 5 Years.2 Many 

participants were meeting sleep recommendations, however only approximately half 

of participants were meeting recommendations for physical activity and sedentary 

behaviour. International screen time data from the Brazil, Canada, China, Papua New 

Guinea, South Africa, Sweden, United States, and Zimbabwe SUNRISE pilot studies 

suggests that nearly half of participants were not meeting screen time 

recommendations of no more than 1 hr of screen time per day. The proportion of 

these participants adhering to screen time recommendations was also found to differ 

between highest household education categories and HDI groups. Lastly, there was 

poor reliability between steps and sedentary/sitting time measured by Acticals and 

activPALs though there were no consistent biases in these measures. Overall, the 

findings from this project will help to inform the main SUNRISE surveillance study, 

and contribute to better understanding movement behaviours in the early years. 
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APPENDIX 2. Parent/Guardian Package Documents 
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APPENDIX 3. Parent/Guardian Questionnaire 
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APPENDIX 4. 48 Months Ages and Stages Questionnaire Items 
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APPENDIX 5. Parent/Guardian Feedback Form 
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