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Abstract 

Physical inactivity and sedentary behaviour have been independently associated 

with a wide range of negative health indicators including obesity, poor cardio-metabolic 

health, and poor psychosocial health. The overarching objective of this research was to 

gain a better understanding as to why children are sedentary, and where we need to 

focus public health messages and interventions to reduce sedentary behaviour. 

Specifically, I aimed to provide insight on current awareness of sedentary behaviour 

guidelines; determine important correlates of total sedentary time (SED), and screen 

time (ST) in Canadian children; and understand correlates of SED and ST in a global 

context. The primary dataset used for this project was the International Study of 

Childhood Obesity, Lifestyle and the Environment (ISCOLE). Background work was 

completed to review current literature on knowledge and awareness of Canadian 

physical activity and sedentary behaviour guidelines (in all age groups), and to 

understand the representativeness of the ISCOLE dataset. In addition to the two 

background papers, this dissertation includes three manuscripts, all prepared for 

submission in scientific, peer-reviewed journals: 

1. Manuscript 1: Canadian physical activity and screen time guidelines: do children 

know? 

2. Manuscript 2: Correlates of objectively measured sedentary time and self-

reported screen time in Canadian children  
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3. Manuscript 3: Correlates of total sedentary time and screen time in 9-11 year-old 

children around the world: The International Study of Childhood Obesity, 

Lifestyle and the Environment  

Overall, this work showed the majority of children around the world are accumulating 

large amounts of sedentary time, and exceeded current screen time guidelines. We 

found that the large majority of Canadian children are not aware of screen time 

guidelines; however, a greater proportion of children could identify physical activity 

guidelines. We also identified a number of correlates of SED, and ST in Canadian 

children, and in children around the world. The most common correlates included 

weight status, and access to electronics in the house. Taken together, this work suggests 

that public health messaging should focus on increasing awareness of screen time 

guidelines. While increasing awareness of the guidelines, messaging can be tailored to 

promoting healthy weight status, and reducing (or removing) children’s access to 

electronic devices in hopes of reducing overall time spent sedentary. 
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Chapter 1 

Introduction 

1.1 Thesis overview 

This thesis aimed to contribute to our understanding of why children are 

sedentary. Data for this research came primarily from the International Study of 

Childhood Obesity, Lifestyle and the Environment (ISCOLE). Results of this work are 

presented within a Canadian context and are prepared for use by researchers, health 

care providers, and those working in governmental, non-governmental and not-for- 

profit organizations. It is hoped that this work can be used beyond those in academia to 

help inform updates to current Canadian physical activity and sedentary behaviour 

guidelines, to advise population health interventions, and to provide suggestions for 

future research. 

Throughout this work, the following definitions were used: physical activity 

refers to any bodily movement produced by skeletal muscles that requires energy 

expenditure;1 physical inactivity refers to the absence of recommended levels of 

physical activity or exercise, usually measured by not meeting prescribed physical 

activity guidelines. Sedentary behaviour is defined as any waking behaviour that 

requires little to no energy expenditure (i.e. ≤1.5 METs) and occurs in a sitting or 

reclined position.2 Additional details on these terms can be found in the review of 

literature presented in Chapter 2.  
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Chapter 1 presents a broad overview of the work that has been included as part 

of this thesis, and provides context and guidance for the reader. Chapter 2 provides a 

review of literature to help inform the reader, and to provide justification for why this 

work was needed. Chapter 3 provides methodological details, and gives an overview and 

rationale of statistical techniques used throughout this work. Chapter 4 presents the 

results of the three research articles that were completed as part of this dissertation. 

Chapter 5 summarizes the results and offers suggestions for future work. The 

appendices provide details on data collection (e.g., child- and parent-report 

questionnaires), data analysis (sample SAS code), research ethics approvals, and two 

background manuscripts that were used to help inform this work. 

1.2 Rationale for this thesis 

This work was inspired by the fact that low levels of physical activity (PA) and 

high levels of sedentary behaviour (SB) have become “normal” in our society. Both low 

PA and high SB levels are independently associated with a wide range of negative health 

indicators including overweight/obesity, poor cardio-metabolic health, poor 

psychosocial health, and increased risk for many diseases in children3–6 and adults.7,8 

Further, when poor lifestyle habits are established at a young age, they are more likely 

to follow an individual through adolescence and into adulthood, putting them at 

increased risk for adverse health.9,10 Therefore, monitoring habitual PA and SB among 

children, as well as identifying their demographic, socioeconomic, and environmental 

determinants, represent a particularly important area of research. Previous work has 

focused largely on understanding different types and correlates of PA, and only recently 
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have researchers turned their attention to the complex nature of SB. Therefore, it was 

SB, and specifically screen time (e.g., watching television (TV), playing on the computer), 

that was of most interest to me. 

Guided in part by the socio-ecological model, the overarching objective of this 

dissertation project was to gain a better understanding of correlates of SBs in children 

and youth.11 The conceptual frameworks outlined by Owen et al.,11 on determinants of 

SB, and by Sallis et al.,12 on determinants of active living, were used to understand the 

interactions between lifestyle, neighbourhood, and environmental factors contributing 

to high levels of sedentarism in children. The socio-ecological model was chosen to help 

guide this work because it takes into consideration the relationships between different 

environmental interactions and influences, and individual behaviours.  

Defining this work 

This dissertation includes a total of five manuscripts, all submitted for 

publication in scientific, peer-reviewed journals. Background work was completed to 

review current literature on knowledge and awareness of Canadian PA and SB 

guidelines, and to understand the representativeness of the ISCOLE dataset across each 

ISCOLE country. Below is an abbreviated abstract of each manuscript. Where applicable, 

the target journals have been included. The rationale for each manuscript was as 

follows: 

Background manuscripts: The first background manuscript was completed to 

synthesize current knowledge and awareness of Canadian PA and SB guidelines. To date, 

little work has been done to assess guideline knowledge, and not a single study 
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examined children’s knowledge of the guidelines. This background manuscript 

supported the need to complete Manuscript 1. The second background manuscript was 

designed to understand if data collected from ISCOLE study sites were representative of 

the whole country. ISCOLE was not designed to be nationally representative; however, 

understanding how the ISCOLE study population differed from a representative sample 

from each country was very helpful when interpreting findings and developing public 

health recommendations. This manuscript was also designed to aid in increasing and 

updating my knowledge of similar studies around the world. 

Manuscript 1: This manuscript was developed based on the assumption that 

public health messages to improve habitual behaviours are only beneficial if they are 

known to the general public; therefore, children who were aware of current PA 

guidelines and/or screen time (ST) guidelines would demonstrate more beneficial 

lifestyle habits (i.e., increased PA, decreased ST) than children who were unaware of the 

guidelines. If our assumptions were true, this would support a population health 

intervention aimed only at those who were unaware of current guidelines. If our 

assumptions were incorrect, and no differences in habitual activity existed, then 

population health interventions should be more widespread. This information could also 

be used when developing and disseminating updated guidelines. 

Manuscript 2: This manuscript was developed to better understand correlates of 

total sedentary time (SED) and ST in Canadian children. Few studies have examined 

correlates of SED and ST in the same population, and no studies have examined these in 
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a Canadian context. It was hoped that results from this study could be used to help 

inform updates to Canadian SB guidelines. 

Manuscript 3: This manuscript was developed to expand on the results obtained 

in Manuscript 2, and to understand if correlates of SED and/or ST were similar across all 

12 ISCOLE countries. It was assumed that correlates across all 12 ISCOLE countries 

would be similar to those identified in the Canadian sample. This work was unique in 

that no study has used such a large, geographically, and socio-culturally diverse sample 

to understand correlates of children’s SB. This work can help international organizations 

develop public health messages and coordinate efforts to reduce SED and ST around the 

world. 

1.3 Summary of background work 

Below is a brief summary of each manuscript included in this dissertation. Full 

articles can be found in Chapter 4, with the exception of the background manuscripts, 

which can be found in the appendices. 

1.3.1 Background manuscript 1: Knowledge and awareness of Canadian Physical 

Activity and Sedentary Behaviour Guidelines: a synthesis of existing evidence 

This manuscript has been published in the journal of Applied Physiology, Nutrition, and 

Metabolism.13 The aim of this review was to consolidate and synthesize existing 

evidence regarding current knowledge and awareness of Canadian PA and SB guidelines. 

Scientific databases, journal websites, content experts, organizations devoted to healthy 

active living, and government websites were searched for information pertaining to the 

guidelines. Overall, we found that awareness of the guidelines was low, especially with 
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respect to the SB guidelines. Less than 10% of survey respondents from the Canadian 

population were aware of PA guidelines, and less than 5% were aware of SB guidelines. 

Online metrics showed that online accession of the guidelines was high (e.g., all “highly 

accessed” on journal websites). This review showed that awareness of Canadian PA and 

SB guidelines is low amongst the general population, but higher amongst the scientific 

and stakeholder community. Governmental, non-governmental, and stakeholder 

organizations should collaborate in creating sustained, long-term and well-resourced 

communication plans to reach the Canadian population to raise awareness of PA and SB 

guidelines and implement programs to facilitate their uptake. 

1.3.2 Background manuscript 2: Are participant characteristics from ISCOLE study sites 

comparable to the rest of their country? 

This manuscript has been submitted for publication in a special issue of the 

International Journal of Obesity. The purpose of this analysis was to examine the 

similarities and differences between participant characteristics from ISCOLE sites and 

data from nationally representative surveys from ISCOLE countries (Australia, Brazil, 

Canada, China, Colombia, Finland, Kenya, India, Portugal, South Africa, the United 

Kingdom, and the United States). Distributions of characteristics were assessed within 

each ISCOLE country-level database, and compared to published data from national or 

regional surveys, where available. Of 12 countries, data on weight status (BMI) were 

available in eight countries, data on measured PA (steps per day) were available in five 

countries, and data on self-reported ST were available in nine countries. Available 

country-specific data often used different measurement tools or cut-points, making 
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direct comparisons difficult. From the analyses performed, the ISCOLE data do not seem 

to be systematically biased; however, due to limitations in data availability, data from 

ISCOLE should be used with appropriate caution when planning country-level population 

health interventions. This work highlights the need for harmonized measurement tools 

around the world while accounting for culturally specific characteristics, and the need 

for collaboration across study centres and research groups. 

1.3.3 Manuscript 1: Canadian physical activity and screen time guidelines: do children 

know? 

This manuscript is under review at the Journal of School Health. This study aimed to 

determine the proportion of Canadian children who could correctly identify Canadian PA 

and ST guidelines. Data were obtained through the Canadian Assessment of Physical 

Literacy (CAPL) (n=787, 46.6% boys) and a CAPL sub-sample of the International Study of 

Childhood Obesity, Lifestyle and the Environment (ISCOLE) (n=223, 38.1% boys). Most 

children (71.6%) correctly identified PA guidelines; 20.0% correctly identified ST 

guidelines. In adjusted models, children’s ability to correctly identify guidelines did not 

differ by habitual activity. This study showed that regardless of habitual activity level, 

the majority of children correctly identified current PA guidelines; fewer children could 

identify ST guidelines.  

1.3.4 Manuscript 2: Correlates of objectively measured sedentary time and self-

reported screen time in Canadian children 

This manuscript has been published, and is “highly accessed” in the International Journal 

of Behavioral Nutrition and Physical Activity, 2015; 12:38.14 The objective  of this paper 
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was to identify correlates of SED and correlates of self-reported ST in Canadian children. 

Participants with complete demographic, anthropometric, and either SED (n=524, 41% 

boys) or ST (n=567, 42% boys) data from the Canadian ISCOLE site were included in 

analysis. Potential correlates of SED and ST were examined using multilevel general 

linear models, adjusting for sex, ethnicity, number of siblings, and socio-economic status 

with school as a random effect. Children averaged 8.5 hours of daily SED; no differences 

in total SED, or total ST were seen between girls and boys, but boys reported 

significantly more video game/computer usage than girls. In the final models, waist 

circumference and number of TVs in the home were the only common correlates of 

both SED and ST. Several factors were identified as correlates of SED and/or of ST in 

Canadian children; however, few correlates were common for both SED and ST, and for 

both boys and girls. This suggests that a single strategy to reduce SED and ST is unlikely 

to be effective. Future work should examine a variety of other non-screen based 

sedentary behaviours and their potential correlates in the hopes of creating tailored 

public health messages to reduce SED and ST in both boys, and girls.  

1.3.5 Manuscript 3: Correlates of total sedentary time and screen time in 9-11 year-old 

children around the world: The International Study of Childhood Obesity, Lifestyle and 

the Environment 

This manuscript has been published in PLoS ONE. The aim of this study was to 

investigate correlates of SED and ST in children from 12 countries around the world. The 

sample included 9-11 year-old children from ISCOLE study sites in Australia, Brazil, 

Canada, China, Colombia, Finland, India, Kenya, Portugal, South Africa, the United 
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Kingdom, and the United States. Children with complete demographic, anthropometric, 

accelerometer determined SED, and self-reported ST data were included in this analysis 

(n=5,844, 45.6% boys). Potential correlates of SED and ST were examined using 

multilevel general linear models, adjusting for sex, age, and highest parental education, 

with school and study site as random effects. Children averaged 8.6 hours of daily SED, 

and 54.2% of children exceeded current ST guidelines of ≤2 hours/day. In all study sites, 

boys reported higher ST, were less likely to meet ST guidelines, and tended to have 

higher BMI z-scores than girls. In several study sites (9/12), girls engaged in significantly 

more SED than boys. Common correlates of higher SED and ST across the total sample 

included weight status, having a TV or a computer in the bedroom, and not meeting PA 

guidelines. Many common correlates of SED and ST were identified, some of which are 

easily modifiable (e.g., removing TV or computer from the bedroom), and others that 

may require more intense behavioral interventions (e.g., meeting physical activity 

guidelines).  

1.4 Contributions of this work 

This dissertation provides a comprehensive look at awareness of public health 

guidelines, and SB in children. We showed that among children, awareness of PA 

guidelines is high, but ST guidelines is low, and that their awareness was not associated 

with accelerometer measured physical activity or child-reported screen time. We also 

identified correlates of increased SED and ST in Canada, and around the world. We were 

able to identify some common correlates of SED and ST. Some of which may be easily 

modified through public health messaging, and others that may require more in depth 
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behavioral interventions. Overall, several recommendations were made for future work 

including to continue to monitor and evaluate indicators of healthy active living; to 

harmonize data collection strategies; to ensure timely updates to guideline and policies; 

to strive for continual improvement of physical activity and sedentary behavior 

guidelines; and to refine measurements of SB. Results of this doctoral dissertation have 

been, and will be disseminated through peer reviewed publications, and conference 

presentations with additional outreach through various social media outlets. It is also 

hoped that the work presented herein may inform future research. 
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Chapter 2 

Review of literature 

2.1 Introduction and background 

This Chapter aims to prepare the reader with adequate background information 

to interpret the importance of the manuscripts presented in this dissertation. Here I 

provide the comprehensive definitions of terms used throughout this work, current PA 

and SB guidelines, an overview of the health implications of a sedentary lifestyle, the 

conceptual framework that has informed the development of this work, and the 

importance of understanding correlates of SB to inform future interventions.  

Although this work will focus primarily on SED and ST, it would be impossible to 

provide the reader with adequate background information without also acknowledging 

the importance of PA. Engaging in habitual PA is widely accepted as an effective 

preventative measure for a variety of health risk factors across all age, gender, ethnic, 

and socioeconomic subgroups.1–3 However, across all age groups, levels of PA remain 

low4,5 and levels of sedentarism continue to rise.4–6 Taken together, these lifestyle 

habits threaten the persistent increase in life expectancy enjoyed over the past 

century.7 

2.2 Physical activity and sedentary behaviour in population health 

With the explosion of research in the field of SB over recent years, and with the 

wealth of information available on PA research, it is important to provide context as to 

how these terms have been used throughout this work. Chapter 1 provided a brief 
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definition of PA and SB, but to help guide the reader, the following comprehensive 

definitions are provided for population health, PA, and SB. 

2.2.1 Definition of population health 

Population health is a relatively new term and can be described as an approach 

that aims to shift from a focus on health care for individuals who are ill, to improving the 

health of an entire population, by treating health as a state of complete physical, mental 

and social well-being, and by reducing health inequities among population groups.8–10 

Kinding and Stoddart suggest a framework (Figure 2.1) to better understand the 

components of population health.9 This is included to show how policies or 

interventions that are suggested within this dissertation can have an effect on a broader 

population level.  

 

Figure 2.1. Components of Population Health Research adapted from Kinding and 

Stoddart9 

Within population health, there are clearly many different research foci. In 2012, 

The Lancet devoted a special issue to PA and public health research, bringing it into the 

spotlight.11 PA and public health research require coordinated efforts by many different 

scientific disciplines including epidemiology, exercise (and now sedentary) physiology, 
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environmental and health science, sociology, and urban planning.11The framework 

proposed by Kinding and Stoddart helps to illustrate how an interdisciplinary approach 

may work to change policies that may ultimately improve health. 

2.2.2 Definition of physical activity 

PA refers to any bodily movement produced by skeletal muscles that requires 

energy expenditure;12 physical inactivity refers to the absence of recommended levels of 

PA or exercise, usually measured by not meeting prescribed PA guidelines described 

below and in Table 2.1 and included as Figure 2.4. PA is usually prescribed using the FITT 

principle (Frequency, Intensity, Time, and Type)13 and in accordance with PA 

guidelines.14 The FITT principle and current Canadian PA guidelines are described below. 

2.2.3 Definition of sedentary behaviour 

In recent years, we have seen a proliferation of research related to the health 

impacts of SB, and sedentary physiology has become a distinct field of study.15 Recently, 

the SB Research Network proposed a standardized definition of the terms “sedentary” 

and “sedentary behaviour”.16 These definitions have become common in the literature, 

and are what was used to inform this work. They defined SB as “any waking behaviour 

that requires little to no energy expenditure (i.e. ≤1.5 METs) and occurs in a sitting or 

reclined position”.16 Total sedentary time can be further classified by a variety of 

activities such as reading, watching television, or using the computer. Similarly to PA, SB 

is prescribed using the SITT principle (Sedentary behaviour, Interruptions, Time, and 

Type)15 and in accordance with SB guidelines (described below and in Table 2.1 and 

Figure 2.5).17 The SITT principle and current Canadian SB guidelines are described below. 
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For this work, three terms will be used to describe sedentarism: SB, total sedentary time 

(SED), and screen time (ST).  

 Sedentary behaviour (SB) as defined by the Sedentary Behaviour Research 

Network, includes all behaviours that require little-to-no energy expenditure 

(i.e., ≤1.5 METs) that occur in the sitting or reclined position.16 SB can be directly 

measured (e.g., via accelerometers or inclinometers), self-reported, or a 

combination of many different measurement tools. 

 Total sedentary time (SED) includes total daily sedentary time measured via 

accelerometry, as determined by widely used cut-points.18 SED does not 

distinguish between discretionary time and time at school (or work) and is 

associated with limitations of accelerometry (discussed later).  

 Screen time (ST) includes any time children are engaging in sedentary, screen 

based activities, including watching TV, playing seated video games, and using 

the computer during their free time. For this dissertation, ST was measured via 

child-report questionnaire. ST does not include time children spend using 

screens at school, or for homework, or the use of active video games.  

2.3 Physical activity and sedentary behaviour in children and youth 

2.3.1 Physical activity 

Current data suggest that a large majority of children around the world are not 

meeting current PA guidelines from Canada,14 the U.S., 19 the U.K.,20 Australia,21 and the 

World Health Organization.22 For example, self-report measures from the Global School-

based Student Health Survey and the Health Behaviour in School-aged Children Study 
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conducted in 38 European countries, reported that only 20% of 13-15 year olds 

participated in at least 60 minutes of moderate- to vigorous-intensity physical activity 

(MVPA) daily.23 Accelerometer data from the Canadian Health Measures Survey suggest 

that only 7% of children and youth aged 6-19 years participate in at least 60 minutes of 

MVPA per day.4 This is consistent with Background Manuscript 2, which showed that 

across all 12 study sites from the International Study of Childhood Obesity, Lifestyle and 

the Environment (ISCOLE), few children met current guidelines of 12,000 steps per day 

(Figure 2.1, with additional details provided in Background Manuscript 2 in Appendix A).
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Figure 2.2. Daily physical activity (steps per day) from ISCOLE study sites and their representative countries. 
 

Legend: Dark grey bars indicate data from ISCOLE participants; white bars represent country-level data. If no white bar, then 
country level data were not available. Where available, data are presented for both boys and girls. Horizontal black line 
represents mean steps per day for all ISCOLE participants; horizontal dashed line represents target of 12,000 steps per day 
recommended to meet current physical activity guidelines.24 Data were included if it was collected via pedometer or 
accelerometer, and presented as sample mean. Country level datasets included: Finland: Physical Activity of School Aged 
Children;25 United Kingdom: Millennium Cohort Study;26 Canada: Canadian Health Measures Survey;4 U.S.: National Health 
and Nutrition Examination Survey;27 Australia: Australian National Children's Nutrition and Physical Activity Survey.28 The 
Millennium Cohort Study also provided data for England: 10,147 steps per day compared to 9,982 steps per day in ISCOLE. 
See Background Manuscript 2 for additional details.



 

 

 

19 

2.3.2 Sedentary behaviour 

Accelerometer results from the Canadian Health Measures Survey report that 

Canadian boys, aged 6-19 years are spending an average of 8.5 hours being sedentary 

per day; girls aged 6-19 years are spending 8.7 hours being sedentary per day.4 These 

high levels of sedentarism are not unique to Canadian children. Objectively measured 

SED data from the National Health and Nutrition Examination Survey (NHANES) in the 

U.S. show that boys aged 6-19 years accumulate 6.0-7.9 hours of daily SED (with the 

oldest children being the most sedentary); girls were slightly more sedentary 

accumulating 6.1-8.1 hours daily for the same age groups (again with the oldest being 

the most sedentary).6 On average, across all 12 ISCOLE sites, 54.5% of children exceeded 

current screen time guidelines of no more than two hours of screen time per day (Figure 

2.3).17 In many cases this was similar to what has been reported in other studies (see 

Background Manuscript 2 in Appendix A for additional details).
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Figure 2.3. Proportion of children exceeding screen time guidelines (>2 hours per day) from ISCOLE sites and their 
representative countries. 
Legend: Dark grey bars indicate data from ISCOLE participants; white bars represent country-level data. If no white bar, then 
country level data were not available. Where available, data are presented for both boys and girls. Horizontal black line 
represents mean proportion of all ISCOLE participants who exceed screen time guidelines. Country level datasets included: 
Canada, Finland, the U.K., and the U.S.: Healthy Behaviors in School-aged Children;29 South Africa: Time of Use survey;30 
Colombia: Instituto Colombiano de Bienestar Familiar (ICBF); China: China Health and Nutrition Survey;31 Australia: Australian 
Bureau of Statistics.32 See Background Manuscript 2 for additional details.  
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With the widespread use of accelerometers, we are starting to understand the 

effects of long bouts on sedentarism on acute and chronic health conditions. In adults, 

long bouts of SED are associated with acute and chronic ill-health, regardless of the type 

of SB.33,34 In children, limiting SB is associated with better measures of body 

composition, fitness, self-esteem, self-worth, pro-social behaviour and academic 

achievement.35 However, previous reviews have been informed primarily by reports of 

screen-based behaviours. More recent studies using accelerometer data and markers of 

cardio-metabolic health have been less conclusive. Evidence from both clinical and 

population based studies have shown that in children, long bouts of SED are not 

associated with acute elevations in cardio-metabolic health risk,36 BMI, or waist 

circumference,37 thus raising the question that in children, if it is total SED or specific SBs 

that are associated with poor health. Currently, the relationship between SB and health 

seems to be at least partially mitigated by how SB is measured, defined, and 

categorized.  

2.4 Canadian physical activity and sedentary behaviour guidelines 

Current Canadian PA guidelines for children and youth were released in 2011 

and have been fundamental in providing the public with evidence-informed targets to 

follow for health benefits, and have the potential to significantly contribute to 

improvements in overall health across Canada.14,38 All guidelines were informed by 

systematic reviews of the literature. The development of the guidelines has been 

recorded in detail and can be found on the Canadian Society for Exercise Physiology 

website (www.csep.ca/guidelines). Currently, SB guidelines exist only for the early years, 

http://www.csep.ca/guidelines
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children, and youth. No SB guidelines exist for adults or older adults in Canada, or 

elsewhere. Table 2.1 provides an overview of PA guidelines for all age groups and SB 

guidelines for the early years, children, and youth, and outlines the associated health 

benefits of meeting the guidelines for all age groups. All groups were included to help 

highlight current gaps, and show that regardless of age group, following the guidelines is 

associated with good health. 

Public facing information sheets for PA guidelines for children (aged 5-11 years) 

are presented below in Figure 2.4; information sheets for SB for children (aged 5-11 

years) are presented in Figure 2.5. Guidelines for youth (aged 12-17 years) are the same 

as the guidelines for children; however, the public facing messaging and information 

sheets are slightly different. For the purpose of this work, the guidelines and messaging 

for children are most relevant.  

Table 2.1. Canadian physical activity and sedentary behaviour guidelines. 

Physical activity Guideline* Associated 
health benefit 

Sedentary behaviour 
guideline 

Associated health 
benefit 

Early years (aged 0-4) 

Infants (aged less than 1 year) 
should be physically active 
several times daily – 
particularly through 
interactive floor-based play. 
 
Toddlers (aged 1-2 years) and 
preschoolers (aged 3-4 years) 
should accumulate at least 
180 minutes of physical 
activity at any intensity spread 
throughout the day, including: 

- A variety of activities 
in different 
environments 

- Activities that 
develop movement 
skills 

In this age 
group, higher 
levels of physical 
activity are 
associated with 
improved 
measures of 
adiposity, motor 
skill 
development, 
cognitive 
development, 
psychosocial 
health, bone and 
skeletal health, 
and indicators of 
cardio-metabolic 
health.40 

For healthy growth and 
development, caregivers 
should minimize the time 
infants (aged less than 1 
year), toddlers (aged 1-2 
years), and preschoolers 
(aged 3-4 years) spend 
being sedentary during 
waking hours. This 
includes prolonged 
sitting or being 
restrained (e.g., stroller, 
high chair) for more than 
one hour at a time. 
 
For those under 2 years, 
screen time (e.g., TV, 
computer, electronic 

Limiting sedentary 
behaviour (especially 
screen time) in the 
early years is 
associated with 
better measures of 
adiposity, 
psychosocial health, 
and cognitive 
development.42 
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- Progression toward 
at least 60 minutes of 
energetic play by 5 
years of age. 

 
More daily physical activity 
provides greater benefits.39 

games) is not 
recommended. 
 
For children 2-4 years, 
screen time should be 
limited to under one 
hour per day; less is 
better.41 

Children (aged 5-11 years) and youth (aged 12-17 years) 

For health benefits, children 
aged 5-11 years, and youth 
aged 12-17 years should 
accumulate at least 60 
minutes of moderate- to 
vigorous-intensity physical 
activity daily. This should 
include: 

- Vigorous-intensity 
activities at least 3 
days per week 

- Activities that 
strengthen muscle 
and bone at least 3 
days per week 

More daily physical activity 
provides greater health 
benefits.14 

For children and 
youth, higher 
levels of physical 
activity are 
associated with 
better measures 
of cardio-
metabolic 
health, adiposity, 
bone health, and 
mental health. 
Further, 
associated 
health benefits 
increase with 
increasing levels 
of activity, 
especially when 
the activity is 
primarily aerobic 
in nature.1 

For health benefits, 
children (aged 5-11 
years) and youth (aged 
12-17 years) should 
minimize the time they 
spend being sedentary 
each day. This may be 
achieved by 

- Limiting 
recreational 
screen time to 
no more than 2 
hours per day; 
lower levels are 
associated with 
additional 
health benefits 

- Limit sedentary 
(motorized) 
transport, 
extended sitting 
and time spend 
indoors 
throughout the 
day.17 

Reducing sedentary 
behaviour (especially 
via reduced screen 
time) is associated 
with better measures 
of body composition, 
cardiorespiratory and 
musculoskeletal 
fitness, academic 
achievement, self-
esteem, and social 
behaviours.35 

Adults (aged 18-64 years) 

To achieve health benefits, 
adults aged 18-64 years 
should accumulate at least 
150 minutes of moderate- to 
vigorous-intensity aerobic 
physical activity per week, in 
bouts of 10 minutes or more. 
 
It is also beneficial to add 
muscle and bone 
strengthening activities using 
major muscle groups, at least 
2 days per week. 
 
More daily physical activity 
provides greater health 
benefits.14 

For adults aged 
18-64 years, 
following the 
guidelines is 
associated with 
significant 
reductions in the 
risk of all-cause 
mortality, 
cardiovascular 
disease, stroke, 
hypertension, 
colon and breast 
cancer, and type 
2 diabetes.3 

None available Not applicable  
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Older adults (65 years and older) 

To achieve health benefits 
and improve functional 
abilities, adults aged 65 years 
and older should accumulate 
at least 150 minutes of 
moderate- to vigorous-
intensity aerobic physical 
activity per week, in bouts of 
10 minutes or more. It is also 
beneficial to add muscle and 
bone strengthening activities 
using major muscle groups, at 
least 2 days per week. 
 
Those with poor mobility 
should perform physical 
activities to enhance balance 
and prevent falls. 
More daily physical activity 
provides greater health 
benefits.14 

In older adults, 
following the 
guidelines is 
inversely 
associated with 
major chronic 
disease such as 
coronary heart 
disease, type 2 
diabetes, 
depression, 
certain cancers, 
dementia, 
disability, and 
loss of function.3 

None available Not applicable 

*Guidelines are presented verbatim with permission from CSEP from www.csep.ca/guidelines 

2.4.1 Physical activity guidelines 

Current Canadian PA Guidelines for Children and Youth recommend that children 

(aged 5-11 years) and youth (aged 12-17 years) accumulate 60 minutes of MVPA daily 

(Figure 2.3). The guidelines also suggest that children and youth incorporate vigorous-

intensity activities, and activities that strengthen muscle and bone, at least three days 

per week.14 Meeting the guidelines is associated with better measures of cardio-

metabolic health (i.e. blood pressure, cholesterol, and metabolic syndrome), 

overweight/obesity, bone health, and mental health. Associated health benefits 

increase with increasing levels of PA, especially when this activity is primarily aerobic in 

nature.1 Finally, establishing proper PA habits at an early age can help children and 

youth maintain high levels of PA as they transition through adolescence into adulthood, 

http://www.csep.ca/guidelines
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contributing to the prevention of a wide range of co-morbidities (e.g. type 2 diabetes 

mellitus, cardiovascular disease) later in life.43,44 

Operationally, guidelines can be prescribed with help from the FITT principle 

(i.e., Frequency, Intensity, Time, and Type).13 Frequency refers to how often an 

individual should be engaging in the activity. For children and youth, it is recommended 

that they accumulate 60 minutes every day. The intensity of PA is important and refers 

to the rate at which the activity is being performed and the relative magnitude of effort 

required. It appears that activities of at least moderate intensity are most beneficial for 

health. In children and youth, MVPA has been defined in a variety of ways, and using 

many different cut-points.1 The lower threshold for moderate-intensity is most 

commonly defined as 4 METs (or 4 times their resting metabolic rate), and the most 

common threshold for vigorous-intensity activity is defined as 7 METs (or 7 times their 

resting metabolic rate).1 Time refers to the duration of activity; for children, it is 

suggested that they accumulate at least 60 minutes per day, and this can be done in 

bouts of any length to account for the sporadic nature in which children move and play. 

Finally, type refers to what kind of activity, such as strength training, aerobic, or balance 

and flexibility.13 
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Figure 2.4. Canadian Physical Activity Guidelines for Children (aged 5-11 years)14 
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2.4.2 Sedentary behaviour guidelines 

In addition to the development of new PA guidelines for children and youth, the 

Canadian Society for Exercise Physiology, in partnership with the Healthy Active Living 

and Obesity Research Group and ParticipACTION, released the Canadian SB Guidelines 

for Children (aged 5-11 years) and Youth (aged 12-17 years) in 2011.17 

Canadian Sedentary Behaviour Guidelines for Children (aged 5-11 years) and 

Youth (aged 12-17 years) state that children and youth should minimize time spent 

being sedentary, including limiting ST to no more than two hours per day, and limiting 

passive transport, prolonged sitting, and time spent indoors (Figure 2.3).17 

Operationally, meeting SB guidelines typically refers to children and youth who 

accumulate no more than two hours of recreational screen time per day. Similarly to the 

FITT principle to describe PA prescription, a SITT principle (i.e., Sedentary behaviour, 

Interruptions, Time, and Type) has been suggested to describe SB.15 SB refers to the 

frequency, or number of bouts of sedentary time over a defined time period. 

Interruptions refers to when sedentary time is broken up by being physically active.45 

Time refers to the time, or duration of SB. And type refers to the mode of SB (e.g., 

reading or watching TV).  
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Figure 2.5. Canadian Sedentary Behaviour Guidelines for Children (aged 5-11 years)17 
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2.5 Awareness of current Canadian guidelines 

Dissemination strategies for the current PA and SB guidelines followed a similar 

plan to that of previous guidelines with an initial media release followed by promotion 

through researchers, health care providers, governmental and non-governmental 

organizations, teachers, and those with an interest in healthy active living. To date, the 

primary dissemination channel for Canadian guidelines has been through mass media 

campaigns including print, television and radio campaigns, and websites. Previous work 

has shown low awareness of PA guidelines in Canada and elsewhere,47–49 but since the 

new Canadian guidelines were released in 2011 and 2012, little work has been done to 

gauge awareness or uptake. Therefore, part of the background work to inform this 

thesis was to conduct a comprehensive review of knowledge and awareness of current 

guidelines.  

Background Manuscript 1 (Appendix B) showed that unprompted awareness of 

the guidelines, at about 4%, has remained relatively unchanged from awareness of the 

previous guidelines. This suggests that thus far, dissemination of the guidelines has not 

been adequate to penetrate awareness within the general public. More encouragingly, 

among health-related organizations, awareness of Canadian PA guidelines is high 

(80.7%).50 Future work should aim to understand how organizations use the guidelines 

and seek ways that these organizations can help with awareness and knowledge levels 

in the general population. These organizations should also be recruited to help 

disseminate guideline information to their respective networks. 
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Overall, awareness of the PA guidelines was higher than awareness of the SB 

guidelines. Low levels of awareness of the SB guidelines may be in part due to the 

terminology used. Although people may be familiar with the concept of screen time 

(i.e., television, video game, or computer use), they may not be familiar with the 

concept of SB as a distinct health risk factor.15 Furthermore, influencing decisions to 

adopt a new behaviour (e.g., reduce SB) may require different promotion and messaging 

strategies than influencing the decision to discard an old innovation (e.g., continue to 

follow the old PA guides). It may also be true that awareness of the PA guidelines is 

higher simply because they have been around for a longer time, and people have had 

more time to become familiar with them.  

Overcoming low awareness of the guidelines will require collaboration and 

partnerships with those from public health, health promotion, and academic sectors 

with specific strategies to promote a “whole day” approach to lifestyle behaviours (i.e., 

the need to meet both PA and SB guidelines). However, it is important to remember 

that PA guidelines and messages alone are unlikely to curb the epidemic of inactivity. 

After becoming aware of the guidelines, individuals still need to have an intention to be 

active, short-term behaviour changes through increased PA and decreased SB, and long 

term success in maintaining healthy lifestyle behaviours. Detailed population health 

advocacy and intervention programs with sustained support are likely required for this 

to occur. 

Most work that has been done to assess awareness or uptake of the guidelines 

has focused on the guidelines for the early years, children, and youth, with little work 



 

 

 

31 

focusing on the guidelines for adults or older adults. To augment the potential impact of 

future updates to the guidelines, detailed dissemination and promotion strategies with 

sustained support are required and efforts should be made to assess and monitor 

awareness and uptake across all age (and potentially gender) subgroups. To maximize 

efforts, dissemination should be conducted through intersectoral partnership between 

federal and provincial governments as well as non-governmental and not-for-profit 

groups. 

2.6 Conceptual framework 

 This research was largely informed by two assumptions: 1) that children’s 

habitual behaviours are a result of multiple competing and interacting influences; and 2) 

public health messages to improve habitual behaviours are only beneficial if they are 

known to the general public (including, but not limited to the children, parents, 

caregivers, and health care providers). Both of these assumptions suggest that children 

are not completely autonomous and rely on interactions and information from outside 

sources (e.g., their parents, their school environment) for healthy growth and 

development. For this reason, an ecological framework was used to help guide my 

research plan and analysis. 

2.6.1 Ecological framework 

 Ecological models are believed to provide comprehensive frameworks for 

understanding multiple interactions and influences of behaviour. Early work to explain 

the ecological framework used a ‘systems theory’ approach and focused on three levels 

of environmental influences: 1) the microsystem includes interactions among work 
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groups and family members; 2) the mesosystem includes the physical family, school and 

work setting; and 3) the exosystem, which includes the larger social system of culture, 

politics and economics.51 Krieger has expanded upon this to include other aspects of 

social behaviour and eliminate the idea of proximal versus distal influences.52 She 

suggested the need to understand the origins of population risk factors and their 

implications for population health. That group patterns are not simply the sum of 

individual traits and choices, but influenced by varying degrees at different levels.53 

Further, a central thought to all ecological models is that multi-faceted, multi-level 

interventions are needed to support sustained behaviour change.54 

 Ecological models have often been adapted to help understand public health 

research. Specifically, the ecological model has been used frequently by public health 

researchers to help explain the relationship between intrapersonal (biological, 

psychological), interpersonal (social, cultural), organizational, community, physical 

environment, and policy factors.55 Because of the influence of many factors in the 

broader social context, ecological approaches have become prominent in PA and SB 

research.56–58 Sallis et al.57 has proposed a model for health behaviour, specifically for PA 

(Figure 2.6). This work is highlighted here to provide the reader with some historical 

context. Although the focus of this dissertation is on SB, the work to develop an 

ecological model for active living by Sallis et al. has been key in advancing health 

behaviour research and was used to inform a proposed ecological model for SB.56 The 

ecological model proposed by Owen et al. describing SB is outlined in detail below and 

shown in Figure 2.7.56 
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2.6.2 Determinants of active living and sedentary behaviour 

Early research examining correlates of active living were limited to those in the 

fields of physical education, physiology, and health, and were often limited by small 

sample sizes, modest effect sizes, and poor long-term follow-up.57 As the field of active 

living expanded to include other disciplines (e.g., epidemiology, urban planning), so did 

our understanding that the associations between lifestyle habits and health outcomes 

were complex. Therefore, recent work has suggested the need for multilevel 

interventions targeting all levels and the interactions between individuals, social 

environments, physical environments, and policies.57 Sallis and colleagues used findings 

and concepts from the fields of health, behavioural science, transportation and city 

planning, policy studies and economics, and leisure sciences to create a model to help 

understand the influences of PA.57 

In his work to develop an ecological model of health behaviour, Sallis et al.57 

proposed four core principles: “1) that there are multiple levels of influence on specific 

health behaviors; 2) that influences on behaviours interact across these different levels; 

3) that ecological models should be behaviour-specific; and 4) that multi-level 

interventions are most effective in changing behaviour”.57 

Sallis et al.57 suggest that the overarching domains of PA include leisure time, 

active transport, household activities, and occupation (or school) activities. Sallis 

developed the domains with adults in mind, but they may be applied to all age groups, 

although interventions or policy variables are likely distinct to smaller subgroups like 

children and youth. For example, leisure time, especially the after school period, is 
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thought to be a critical time to increase PA in children and youth.59 Active 

transportation, defined as walking, biking, in-line skating, and skateboarding to get to 

and from places such as school, parks and shops, has been shown to be an important 

contributor to increase habitual PA.60 Household activities, such as chores, and family 

based PA are important teachable moments to help children develop good activity 

habits for the future. School time, via partnerships with teachers, school officials, and 

policy makers is seen as good time to take advantage of a captive audience and 

encourage increases in positive knowledge, attitudes, and beliefs surrounding PA. It is 

also important to remember that children and youth are not (for the most part) 

autonomous in their behaviours and are also influenced by their parents, teachers, and 

caregivers. The complex nature of childhood growth and development provides added 

confirmation that ecological models are needed to describe their behaviour.  

As mentioned, a similar model has been developed to understand determinants 

of SB. Owen et al.56 describe domains of SB to include occupation (or school), 

transportation, leisure time, and household time. Of particular importance is the 

behavioural setting and associated social contexts where sitting occurs. Some SB is of 

course inevitable throughout the day (e.g., family dinners, going to school, doing 

homework), but it is important to understand factors that are related to high, or 

prolonged bouts of SB.  

The model to describe domains of SB applies across most age groups but it is 

important to remember that children are often not autonomous in their choices and 

rely on parents, caregivers, and teachers to provide them with opportunities to 
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decrease their SED. Children also lack the mental capacity to fully understand the 

deleterious and long-term health effects associated with prolonged bouts of SB. The 

concept of autonomy and cognitive understanding may be more important when 

examining SB, since most children (and adults) enjoy activities like watching TV or 

playing video games it may be harder for parents to intervene. Parents may also have 

their own motivations for letting their children engage in ST as a means of babysitting 

while they are doing chores. The model for SB may also need to be adapted for different 

demographics.56 For example, those in low-income or developing countries may not 

have access to the same types of screen-based technology as those in developed or 

high-income countries. Or, with programs like Netflix, watching TV may be considered 

the same activity as playing on the computer since they can be both done on a laptop. 
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Figure 2.6. Ecological model of active living57 
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Figure 2.7. Ecological model of sedentary behaviour56 
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2.7 Importance of studying sedentary behaviour in a population health context 

There have been hundreds of studies examining PA and SB in children and youth. 

However, with a great diversity in research designs, measurement approaches, theories 

used, and variables tested, it becomes difficult to integrate the findings and update the 

status of the knowledge in the field.61 This reality limits the ability of subsequent 

research to build on previous findings. It is particularly difficult to integrate knowledge 

from cross-sectional studies since no comment can be made on the direction of 

causality.62 

In medical research (e.g., disease pathology), the causal pathway is often quite 

clear; once a virus is treated, the illness dissipates. However, there are no, or very few, 

cases in behavioural research where the causal factors “cause” the outcome in 100% of 

the cases. This is further complicated by the possibility of multiple causal factors 

influencing a particular behaviour, or with bi-directional relationships affecting both the 

exposure and the outcome.  

 It is also possible that deliberate population health interventions do not have any 

effect on a behaviour, or that changes in a behaviour are due to a change in an 

unrelated shift in policy or natural environment that were not expected to have an 

effect. Exposure to a factor does not necessarily lead to a change in the behavioural 

outcome. This also means that causal pathways, and methods for measuring them in 

population health research is complex and less clear.63 

The misinterpretation of results from a cross sectional study can be minimized 

through analytical techniques, and by properly accounting for factors that may 
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intervene on the causal pathway between dependent and independent variables (e.g., 

mediators, confounders). Analytical techniques used throughout this work are discussed 

in great detail in Chapter 3. In brief, this work will use primarily multilevel modeling 

technique to properly account for the hierarchical nature of the data collected in 

ISCOLE. This allows us to examine the relevant distributions of health outcomes and the 

distribution of variance in health outcomes that can be attributed to each level that has 

been included in the model.  

Factors that may intervene on the causal pathway generally include mediators, 

moderators, and confounders. An in depth discussion of these factors is beyond the 

scope of this work, but brief definitions are provided as they are important to consider 

in any epidemiological research. Mediators are factors that are on the causal pathway 

between the dependent and independent variables (e.g. outside factors that also affect 

the outcome of interest). There may be a single mediator, or a series of cascading 

mediators to take into account. Confounders are variables that help to predict an 

outcome, but are also associated with the exposure thereby distorting the true 

magnitude of effect. There are likely many potential confounders to consider when 

building a model (e.g., age, ethnicity). Moderators affect the strength of the relationship 

between an exposure and an outcome. This is analogous to interaction terms and 

requires analysis to be stratified by the potential moderator (e.g., stratifying the analysis 

by age group or sex). Bauman et al.62 has provided an excellent overview of the role of 

determinants, correlates, causal variables, mediators, moderators, and confounders and 

provides a useful schematic. This has been adapted in Figure 2.7. As mentioned, 



 

 

 

40 

although this work will not focus specifically on determining mediators or moderators of 

SB, these terms are useful to properly understand when trying to interpret results from 

epidemiological studies.  

 

Figure 2.8. Description of mediators, confounders, and moderators62 

2.7.1 Correlates of sedentary behaviour in a population health context 

Correlates of behaviour should not generally be thought of as causal factors, but 

rather as possible predictors of differences in behaviours across groups.62 Practically, 

studying correlates of behaviour provides evidence to help design a behavioural 

intervention study; theoretically, correlational studies can test the assumptions made in 

various theories or models, which can then produce results to strengthen, or modify 

these assumptions.62 Cross- sectional studies provide an efficient means to test many 

correlates at the same time. A recent review by Temmel and Rhodes64 provided us with 

the most comprehensive list of studies examining correlates of objectively measured 

SED and self-, or parent-reported ST. They identified 64 studies examining correlates of 

SB; however, only eleven reported on both accelerometer- measured SED and self-
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reported ST in the same population.64 Studies included participants from around the 

world (although predominantly the United States), but none of the 64 studies included 

data from Canadian children. Of the eleven studies examining both SED and ST, age, sex, 

ethnicity, socio-economic status, and day of the week (weekend versus weekday) were 

significant correlates of both SED and ST. Physical maturity was a correlate of SED only; 

whereas urban versus rural living, neighborhood satisfaction and safety, access (e.g., to 

a television), sleep duration, and self-esteem were correlates of ST only. Other studies 

that have explored associations with ST have identified age, socio-economic status, 

single-parent households, ethnicity, and sex as important correlates.65,66 Studies that 

have examined correlates of SED have shown significant associations with parental BMI, 

TV viewing, and computer use.67 The work presented in this dissertation will aim to first 

understand similarities and differences in correlates of SED and ST in a sample of 

Canadian children, and then expand upon this by examining correlates in participants 

from the 12 ISCOLE study sites. It is hoped that this may help to inform future 

population health interventions to reduce SED and ST, and potentially be used to inform 

more specific messaging related to Canadian SB guidelines.  
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Chapter 3 

Methodological Overview 

3.1 Summary 

This chapter presents a methodological overview, which aims to help the reader 

understand the planning (from conception to analysis) that went into each manuscript. 

Manuscripts 1-3 are presented in Chapter 4 and Background Manuscripts 1 and 2 are 

presented in the Appendix A and B respectively.  

All manuscripts included in Chapter 4 used data from ISCOLE; Manuscript 1 also 

included data from the Canadian Assessment of Physical Literacy (CAPL). As part of my 

doctoral training, I assisted with all areas of data collection for ISCOLE Canada and CAPL. 

Data collection for ISCOLE occurred from October 2011 until December 2013, with data 

collection for the Canadian site occurring from fall 2012 until spring 2013. CAPL data 

collection occurred from winter 2010 until spring 2013 with ISCOLE CAPL data collection 

occurring in spring 2013. Involvement in data collection provided me with excellent 

insight and thorough knowledge of the dataset before planning my statistical analysis. 

Research Ethics Board approval was obtained from the Children’s Hospital of Eastern 

Ontario and the University of Ottawa (Appendix C). Child assent and parent consent 

were also obtained for all aspects of data collection (Appendix C). 

3.1.1 Project framework 

 Described in detail below, the work for this doctoral project was informed 

primarily by data collected in the ISCOLE. This work focuses on influences of SED and ST, 
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but information relating to other lifestyle and demographic information has been 

integrated where appropriate.  

3.2 Summary of research methods and datasets 

3.2.1 International Study of Childhood Obesity, Lifestyle and the Environment 

The primary aim of ISCOLE was to determine the relationships between lifestyle 

behaviours and obesity in a multi-national study of 10-year-old children.1 Further, 

ISCOLE aimed to investigate the influence of higher-order characteristics such as 

behavioural settings, and the physical, social and policy environments, on the observed 

relationships within and between countries.1 Data were collected on children from five 

major geographic regions of the world (Europe, Africa, the Americas, Asia, and the 

Western Pacific) across 12 countries (Australia, Brazil, Canada, China, Colombia, Finland, 

India, Kenya, Portugal, South Africa, United Kingdom, and United States) with a goal of 

recruiting at least 500 participants, aged 9-11 years, from each study site. Data 

collection sites are shown in Figure 3.1 and details on ISCOLE site and participant 

characteristics can be found in Table 3.1.  
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Table 3.1. ISCOLE country and participant characteristics. 
Country National 

populationa 

ISCOLE site 
location 

Population of ISCOLE site 
locationb 

Participants  
(n, % boys) 

Age (years)  
(mean, SD) 

Weight status (%)c 

Europe       

Finland 5,442,322 Helsinki, Espoo, 
Vantaa 

1,060,701 536 (47.2%) 10.0 (0.4) Normal weight: 74.6 
Overweight/obese: 23.7 

United Kingdom 63,705,000 Bath, North East 
Somerset 

177,700 525 (45.1%) 
 

10.4 (0.5) Normal weight: 68.5 
Overweight/obese: 30.3 
 

Portugal 10,562,178 Porto 237,584 777 (46.1%) 
 

10.0 (0.3) Normal weight: 52.5 
Overweight/obese: 47.2 

Africa       

Kenya 44,354,000 Nairobi 3,138,369 563 (46.5%) 
 

9.8 (0.7) Normal weight: 75.1 
Overweight/obese: 21.1 

South Africa 52,981,991 Cape Town 3,497,097 550 (40.1%) 
 

9.8 (0.7) Normal weight: 71.2 
Overweight/obese: 26.4 

The Americas       

Canada 35,158,304 Ottawa 883,391 567 (42.2%) 10.0 (0.4) Normal weight: 68.7 
Overweight/obese: 30.8 

United States 316,783,000 Baton Rouge 802,484 651 (43.2%) 9.5 (0.6) Normal weight: 58.4 
Overweight/obese: 41.3 

Colombia 47,262,816 Bogotá 7,674,366 919 (49.4%) 
 

10.0 (0.6) Normal weight: 75.7 
Overweight/obese: 22.9 

Brazil 201,032,714 Sao Caetano do 
Sul 

149,263 584 (49.1%) 10.1 (0.5) Normal weight: 52.8 
Overweight/obese: 45.2 

South Asia       

India 1,242,456,566 Bangalore 9,588,910 620 (47.1%) 10.0 (0.6) Normal weight: 61.5 
Overweight/obese: 33.7 

Western Pacific       

China 1,362,620,526 Tianjin 10,290,987 552 (53.1%) 
 

9.4 (0.5) Normal weight: 56.3 
Overweight/obese: 41.2 

Australia 23,235,207 Adelaide 1,212,982 528 (46.0%) 
 

10.3 (0.5) Normal weight: 61.4 
Overweight/obese: 37.9 
 

aPopulation estimate accessed October 2014. bRepresents the population size of the city or general area where children were sampled. cWeight status defined by World Health 

Organization cut-points2. 
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The first two manuscripts included as part of this dissertation focused on ISCOLE 

Canada. ISCOLE Canada collected data on 567 children (mean age = 10.0 years) from the 

greater Ottawa region in Ottawa, Canada. Manuscript 3 used data from the complete 

ISCOLE dataset. Overall, data were available on 7,372 children; however, the analytical 

sample used in each manuscript varied slightly based on participants with missing data. 

The administrative framework and specific data collection protocols for ISCOLE 

were clearly set out by the coordinating center at the Pennington Biomedical Research 

Center, in consultation with each country’s Principal Investigator, to ensure a high level 

of quality control and to minimize measurement variation and bias between study 

sites.1 ISCOLE sites made an effort to stratify their sample by indicators of socio-

economic status to maximize variability, and generally had a goal of including at least 20 

schools, with approximately 25-30 children per school (500 children minimum per site).1 

Many countries included both private and public schools, although all sites limited their 

data collection to large cities, and urban or suburban schools (i.e., no country collected 

data from participants living in remote or rural areas, or attending rural schools). See 

Table 3.2 for additional details on site-specific data collection strategies (Table 3.2).  
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Table 3.2. Sampling methods employed by International Study of Childhood Obesity, 

Lifestyle and the Environment (ISCOLE) sites. Adapted from Katzmarzyk et al.1 

ISCOLE Site  
Sampling Strategy 

Australia A stratified probability sampling frame was used, aiming to ensure that each 5th grade child had equal 
chance of being selected. Schools were initially stratified into tertiles based measures of socio-
economic status. Schools were chosen randomly within each tertile until the complete data from the 
required number of children (200 children) from each tertile obtained.  

Brazil In the region of Sao Caetano do Sul, public schools represent the lower socio-economic strata, and 
private schools reflect the higher socio-economic strata. Random lists of public and private elementary 
schools in the region were generated, and schools were selected for each list at a ratio of 4 (public) to 
1 (private). Twenty schools (16 public and 4 private), with 20-25 students per school were sampled.  

Canada Schools were drawn from the Ottawa Region. Schools were stratified into four groups: English Public, 
French Public, English Catholic, French Catholic). All schools within each stratum were invited to 
participate and the first to respond were included into the study until each stratum was filled.  

China Three regions (2 urban districts and 1 suburban district) of Tianjin city were selected and stratified 
according to three levels of socio-economic status. Within each stratum, 2 schools are selected 
randomly from a list of all public schools, with a total of 6 schools to participate. Each school ensured 
an average sample size of 85-90 students. 

Colombia A list of public and private schools in Bogotá were selected according to a list of inclusion criteria 
including school geography (i.e., urban), demographic characteristics (e.g., including both boys and 
girls), socio-economic status, and school characteristics (e.g., school calendar). Schools were sorted 
into high SES, middle SES and low SES and was designed to include at least 500 children from 20 
schools.  

Finland The sampling frame was a complete list of primary schools in the cities of Helsinki, Vantaa and Espoo. 
Schools were first stratified by city and then by area SES (high, low) based on socio-economic 
characteristics of their geographical location. From each of these 6 strata (city/SES), three to six 
schools were randomly selected to represent the distribution of pupils and SES within the total 
sampling area.  

India Based on school fee structure, a classification was made into low, middle and high socio-economic 
status. Three to four consenting schools were selected from each stratum. The children were sampled 
to have at least 60-70 students from each school.   

Kenya Non-boarding primary schools from Nairobi County were stratified into public and private (boarding 
schools were not sampled). The schools were then selected proportional to the distribution of public 
and private school attendance.    

Portugal There is little variability in socio-economic status at the school level in Porto; thus schools were 
randomly selected from a list provided by the North Regional Education Directory Board. Twenty 
schools were sampled, and from each, 5th grade students were sampled in order to have 25-30 
students in each school. 

South 
Africa 

Participants were recruited through a list of all public schools within Cape Town. The list was stratified 
according to SES quintiles and at least 4 schools were randomly selected from each stratum for a total 
of at least 20 schools.  

United 
Kingdom 

The sampling frame was a complete list of primary schools in the Bath and North East Somerset 
regions. Schools were stratified according to size and socio-economic characteristics. From each 
stratum, a proportional cluster was selected. Specifically, schools were randomly selected using the 
probability proportional to size approach and a reserve-list compiled to account for school withdrawal.  

United 
States 

A complete list of public and private schools in East Baton Rouge Parish was assembled. Private 
schools (collectively a stratum) were sampled separately. The public schools were sorted into quartiles 
(strata) according to socio-economic status. Schools were randomly selected within each stratum until 
a minimum of 4 schools were selected from each stratum, for a total minimum of 20 school. 
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Measurements were kept as consistent as possible across all study sites to 

ensure data were comparable; however, some questions were modified to better reflect 

the culture of the specific country (e.g., modifications of the diet-related questions to 

include local preferences). Some countries also added ancillary studies with additional 

measures. ISCOLE Canada added two ancillary studies: the concurrent use of Actical 

accelerometers, and an assessment of physical literacy. Data from the Actical 

accelerometers were not used in this analysis, but were collected as part of ISCOLE 

Canada to allow direct comparison with the Canadian Health Measures Survey.3, 4 Data 

from the assessment of physical literacy were used in Manuscript 1. Physical literacy 

was measured using the CAPL battery of tests, which included the Knowledge and 

Understanding Questionnaire, as well as additional physical measurements. Details on 

CAPL measurements can be found below. 

The results of ISCOLE provide a robust examination of the correlates of obesity in 

children, focusing on both sides of the energy balance equation (i.e., energy intake and 

energy expenditure).1 Details on measurement tools and protocols can be found below 

and include accelerometery, anthropometrics, and questionnaires (both child- and 

parent-report, Appendices D-F). Additional details on ISCOLE methodology can be found 

elsewhere.1 

3.2.2 Anthropometric measurements 

Anthropometrics (i.e., standing and sitting height, weight, waist circumference, 

upper arm circumference, percent body fat) were directly measured by trained and 

certified ISCOLE researchers during each school visit. Table 1 provides additional details 
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of each measure.  

Table 3.3. ISCOLE anthropometric measurement table. 

Variable Measurement tool Record in duplicate to  Range  
(repeat if) 

Standing height Seca 213 Portable Stadiometer Nearest 0.1 cm >0.5 cm 

Sitting height Seca 213 Portable Stadiometer, 
standardized bench 

Nearest 0.1 cm >0.5 cm 

Waist circumference Anthropometric tape Nearest 0.1 cm >0.5 cm 

Arm circumference Anthropometric tape Nearest 0.1 cm >0.5 cm 

Body weight Tanita Body Composition Analyzer (SC-240) Nearest 0.1 kg >0.5 kg 

Body fat percentage Tanita Body Composition Analyzer (SC-240) Nearest 0.1% >2.0% 

 

Height was measured using a Seca 213 Portable Stadiometer. Participants were 

asked to remove their shoes, and stand with their back towards the stadiometer, with 

feet together, their heels touching the base of the stadiometer, and their head aligned 

in the Frankfort plane (i.e., so that there is a horizontal line from the ear canal to the 

lower border of the orbit of the eye and it is parallel to the floor). Participants were 

asked to stand as tall as possible, with measurements being taken at the end of a gentle 

inspiration. 

Sitting height was measured using a Seca 213 Portable Stadiometer and a 

standardized bench. Participants were asked to sit on the bench, with their back against 

the stadiometer, their legs hanging freely, their arms resting on their thighs, and their 

head aligned in the Frankfort plane. Participants were asked to sit as tall as possible, 

with measurements taken at the end of a gentle inspiration. Sitting height was used to 

calculate biological maturity of each child via an estimation of somatic 

maturation5calculated by the percentage of predicted adult height, and maturity 

offset.6,7 As ISCOLE is a cross-sectional study, methods proposed by Mirwald et al.7 were 

used to predict maturity offset from age, sex, sitting height, stature and body mass. 
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Although part of ISCOLE, and important to mention here, maturity offset was only used 

during preliminary data analysis as a covariate. 

Weight and body fat percentage were measured using a portable Tanita Body 

Composition Analyzer (SC-240). Participants were asked to remove shoes, socks, and 

any heavy accessories (e.g., large sweaters) before stepping on the scale. The Tanita SC-

240 recorded participant’s body weight, bioelectric impedance, and percent body fat. 

The Tanita SC-240 has shown acceptable accuracy for estimating body fat percentage 

when compared with dual-energy X-ray absorptiometry, supporting its use in field-

based studies.8 The Tanita SC-240 was also non-intrusive and as such provided almost 

no missing data. 

Waist circumference was measured at the mid-point between the top of the iliac 

crest and the bottom of the last floating rib using a non-elastic anthropometric tape. 

The iliac crest and floating ribs were palpated by an ISCOLE researcher, and marked with 

a washable marker. The mid-point between the marks was measured and marked and 

the anthropometric tape was placed around the participant’s waist such that it was tight 

enough to stay in place, but not so tight as to indent the skin. Waist circumference was 

measured after a normal exhalation. Children were measured behind a temporary 

screen to provide privacy. 

3.2.3 Directly measured physical activity and sedentary behaviour 

Recent technological advances have allowed for widespread use of 

accelerometers to objectively measure time spent engaging in various activities. 

Accelerometers, worn attached to a small belt around the waist, are small monitoring 
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devices used to measure movement accelerations of an individual. During data 

collection, the filtered movement intensities were stored as an activity count for a user-

specified ‘epoch’ interval. Epoch-by-epoch activity counts were used to calculate each 

participant’s volume and intensity of activity. From this information, the amount of time 

the participant spent engaging in varying intensities of activities, including PA (of all 

intensities), SED, and sleep was determined.9Total sedentary time (SED) was defined as 

all epochs showing ≤25 counts per 15 seconds, consistent with widely used cutoffs from 

Evenson et al.10 (i.e., sedentary: 0–25 counts/15 seconds, light: 26–573 counts/15 

seconds, moderate-to-vigorous: ≥574 counts/15 seconds). For analysis, total SED was 

treated as a continuous variable. Manuscripts 1, 2, and 3 utilized accelerometer 

measured SED. Manuscript 1 also included accelerometer measured PA. Manuscripts 2 

and 3 included sleep and PA to better understand correlates of SED and ST, although 

self-report values of both sleep and PA were included in the final models. 

ISCOLE participants were asked to wear the accelerometers on an elastic belt, 

aligned above the right hip, 24-hours a day, removing only when doing water activities 

(e.g., bathing or swimming). Children were instructed to wear the accelerometers for 

seven consecutive days. At least four days of valid measurements (including at least one 

weekend day), with at least 10 hours of valid waking wear time per day, was needed for 

data to be included in the ISCOLE database.9 Non-wear time was defined by monitoring 

time with at least 60 consecutive minutes of zero counts. Sampling rate was set to 80 Hz 

with 1-second epoch lengths, aggregated to 15-second epochs for analysis. To increase 

compliance, study staff instructed children how to wear the accelerometer during the 
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initial in-school assessment, and conducted an in-person compliance check 2–4 days 

after initialization. Further, participants were contacted twice via telephone (one 

weekday evening and one week end day) to ensure they were wearing the device, and 

to address any questions. 

3.2.4 Child- and parent-report questionnaires 

ISCOLE questionnaires included both child- and parent- report questionnaires. 

The Diet and Lifestyle Questionnaire (Appendix D) asked the child questions related to 

dietary intake, PA, SB, and sleep; the Demographic and Family History Questionnaire 

(Appendix E) and the Neighbourhood & Home Environment Questionnaire (Appendix F) 

asked parents questions related to the home and neighbourhood environment. The 

child-report questionnaire was administered during an ISCOLE school-visit, at the same 

time that anthropometric measurements were taken and that accelerometers were 

given out. The parent-report questionnaires were sent home with the child at the same 

time as the parent-consent forms (i.e., prior to when the children were assessed). As the 

child finished their survey, and after collecting the parent-report surveys, ISCOLE 

researchers performed quality control checks on all parts of the questionnaires to 

ensure there were no missing data or invalid responses. In the case that there was 

missing data, parents were contacted via telephone for clarification. 

Child-reported screen time was determined from the Diet and Lifestyle 

Questionnaire, with questions taken from the U.S. Youth Risk Behaviour Surveillance 

System.1,11 Children were asked how many hours they typically watched TV, and how 

many hours they played video games and/or used the computer per week day, and per 
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weekend day for recreation.1 Responses were: 1 = I did not watch TV, 2 = Less than 1 

hour, 3 = 1 hour, 4 = 2 hours, 5 = 3 hours, 6 = 4 hours, 7 = 5 or more hours. Response 

categories were collapsed to include 1 = ≤1 hour of TV, 2 = 2 hours, 3 = 3 hours, 4 = 4 

hours, and 5 = ≥5 hours. A weighted mean score of daily screen time was then 

calculated as follows: [(hours of TV on weekdays x 5) + (hours of TV on weekend days x 

2) + (hours of video games and computers on weekdays x 5) + (hours of video games 

and computers on weekend days x 2)]/7. For analysis, this is presented as a screen time 

score, rather than total hours of ST since after 5 hours per day, we could not ascertain 

the participant’s actual amount of ST.  

All data collection methods used in ISCOLE were approved by the relevant 

research ethics boards at Pennington Biomedical Research Center, at each ISCOLE study 

site, and at the respective school boards. A complete list of institutional research ethics 

boards involved in the approval of this project can be found in Appendix G. 

3.2.5 Representativeness of ISCOLE 

By design, ISCOLE study sites were not intended to be representative of the site 

country.1 The primary sampling frame was schools, typically invited to participate in 

order to cover a range of socio-economic status to maximize variability within study 

sites. However, as ISCOLE represents the most up-to-date, largest, and most 

geographically diverse study of children around the world, we thought it was 

interesting, and important, to understand how representative ISCOLE site samples were 

when compared to available national samples. Therefore, the second part of the 

background work that was completed to help inform this dissertation looked at the 
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representativeness of ISCOLE participant characteristics in each country. The full results 

of this work can be found in Appendix A and have been submitted for publication in a 

special issue of the International Journal of Obesity. In brief, the purpose of the 

background paper was to examine if data collected at ISCOLE study sites was 

representative of the site country as a whole. In a broader sense, it is hoped that this 

work can be used to better understand the limitations, potential biases and 

generalizability of results of ISCOLE, and to understand current gaps in knowledge in 

respective countries. More specific to the work presented within this dissertation, it was 

hoped that by understanding if ISCOLE participants were representative of children 

around the world, I could provide more significant and applicable public health 

messages related to reducing SED and ST. 

Of the 12 ISCOLE countries, five provided nationally representative data on 

objectively measured PA, nine provided data on self-reported SB, and eight provided 

data on weight status to allow comparison with the ISCOLE sample. The five ISCOLE 

countries that were part of the Health Behaviours in School-aged Children also provided 

data on self-reported PA. Due to the limited availability of country-level data, it is 

suggested that ISCOLE data be used with appropriate caution when planning 

countrywide population health interventions. However, for some countries, ISCOLE 

currently provides the most up-to-date and most robust data on obesity and PA in 

children. This work has identified the paucity of comparable country data around the 

world and highlighted the importance of large, multi-national studies like ISCOLE. 

3.2.6 Canadian Assessment of Physical Literacy (CAPL) 
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The CAPL is a battery of tests designed to assess physical literacy, or the capacity 

to achieve a healthy, active lifestyle, in children and youth.12 The CAPL assesses physical 

literacy with four key domains: fitness (endurance, strength, flexibility, body 

composition), motor skill (gross motor skills), habitual activity (pedometer measured PA, 

self-reported SB), and cognition (attitudes, knowledge, and motivations).13 As part of 

the CAPL, children are asked to complete a Knowledge and Understanding 

questionnaire, with questions relating to their awareness of current Canadian PA and SB 

guidelines.  

CAPL data used for this project were collected across elementary schools in 

2011-2013 in Ottawa, Canada. Initial CAPL data collection occurred between 2011-2012 

and included students in grades 4-6 from elementary school across the greater Ottawa 

area (n=680, 47% boys, mean age = 10.1 years). Additional CAPL data collection 

occurred as an ancillary study as part of ISCOLE Canada. Children from the English 

Catholic and English Public school boards who consented to participate in ISCOLE were 

asked if they would like to participate in CAPL with a recruitment goal of 200 children 

(actual n=229, 37% male, mean age = 10.0 years). Accelerometer data on PA, SED, and 

sleep were taken for these participants from the ISCOLE database.  

Data used for the current analyses were taken from the Knowledge and 

Understanding questionnaire (Appendix H and https://www.capl-ecsfp.ca/capl-

manual/previously named the Cognitive Domain Questionnaire), which was 

administered during class time by a trained researcher. Children were asked the main 

messages of current PA and SB guidelines. It is important to note that the questionnaire 

https://www.capl-ecsfp.ca/capl-manual/
https://www.capl-ecsfp.ca/capl-manual/
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focused on the main message of the PA guideline (i.e., participating in 60 minutes of 

MVPA per day), and about the ST within the SB guidelines (i.e., watching ≤2 hours of 

recreational ST per day). Children were not asked about all caveats of the guidelines. 

Children were asked what they would do to improve a sports skill, what they 

would do if they wanted to improve their fitness and what activity they would prefer to 

do after school (e.g., watching TV or walking their dog) to reflect on their current activity 

level, and to compare their skills related to physical activity to their peers. Additional 

details on questions and data reduction procedures can be found in Manuscript 1. 

3.3 Analytical plan 

SAS 9.4 (SAS Institute Incorporated, North Carolina, USA) was used for all 

statistical analyses. Descriptive information (means, standard deviations, frequencies as 

appropriate) was calculated for demographic and anthropometric characteristics of all 

participants and their parents where applicable. Unpaired t-tests and chi-square tests 

were used to test differences between boys and girls. For manuscript 1, in the ISCOLE-

CAPL subsample, analysis of covariance (ANCOVA) was used to determine the 

relationship between habitual activity (MVPA, SED, and ST), and knowledge of 

guidelines (PA and ST), and self-perceptions of PA. All manuscripts employed multi-level 

general linear models (PROC MIXED) to account for the hierarchical nature of the data. 

All analysis will be done for the total sample, and then split by boys and girls to account 

for known differences in levels of SED and ST, as well as differences in potential 

correlates.14 Presenting the analysis for boys and girls separately may also provide 

insights for future research. 
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3.3.1 Multilevel modeling - background 

In the last twenty years, multi-level modeling has become a popular analysis to 

account for hierarchically organized data.15–17 For example, it is not uncommon to 

collect data on students, nested within schools, and schools nested within school 

boards. To ignore the hierarchical nature of these data can lead to erroneous 

conclusions such as incorrect interpretation of the estimated variances, inflation of the 

likelihood of making Type 1 errors, and/or errors in interpretations of statistical 

significance.18 In the simplest terms, multilevel models can be thought of as simple 

regression models occurring at different levels. Multilevel models can then differ by the 

number of levels that are included, the type of study design (e.g., cross- sectional or 

longitudinal), the type of outcome variable (e.g., continuous, dichotomized), and the 

number of exposure variables.18 Multilevel models can also be used to help understand 

how much variance is occurring at each level of the model – this is explained in detail 

below. 

3.3.2 Use in population health research 

Multilevel modeling helps researchers understand how individuals are 

influenced by their social context. Further, multilevel modeling can be used to 

understand how groups are related to other groups, or how individuals are related to 

each other within groups. This allows researchers to examine the relevant distributions 

of health outcomes. The distribution of variance in a health outcome should be 

calculated before the overall models are even built to understand how much variance in 

the dependent variable can be attributed to each level that has been included in the 
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model. To do this, interclass correlation coefficients (ICC) are calculated. In my work, 

ICCs were calculated to understand how much variance in level of SED and ST was due 

to individual differences. This can also be used to determine the potential impact at 

school or country level interventions. Finally, calculating the ICCs of dependent variables 

can also show if a multilevel analysis is needed. If the ICC is zero, then no variation exists 

at higher levels (e.g., school or country) and all the variation exists at the individual 

level, in which case multilevel analysis is not required.  

Table 3.4 provides a partial SAS output to show how to calculate interclass 

coefficients were calculated in Manuscript 3 for SED (with both school and site as 

random effects). Similar calculations were completed for Manuscript 2, and to 

determine the variance in ST. 

Table 3.4. SAS output to calculate interclass correlation coefficients.  

Covariance Parameter Estimates 

Cov Parm Subject Estimate 

Intercept school_ID(SITE_ID) 433.82 

Intercept SITE_ID 631.48 

Residual  3781.01 

 
ICCschool =   σ2

school  
 

σ2
estimate + σ 2

school + σ 2
site 

 = 433.82  
 4,846.31 
= 0.0895 (≈9%) 

 
 

ICCsite  =   σ2
site  

 

σ2
estimate + σ 2

school + σ 2
site 

= 631.48  
 4,846.31 
= 0.1303 (≈13%) 
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This indicates that approximately 78% of the variability in total SED can be attributed to 

individual level differences, 9% can be attributed to school level differences, and 13% 

attributed to country level differences. This information can also help when interpreting 

and making recommendations for public health interventions.  

3.3.3 Model building process 

A quick scan of recent research shows that there are many different approaches 

to the model building process. However, the ultimate goal is always to estimate the 

model(s) that best fit the data. Bell et al.18 provide a comprehensive guide on model 

building using SAS (PROC MIXED). For this work, the model building process was partly 

informed by the socio-ecological model, as proposed by Owen et al.19 This is in line with 

the assumption that children’s habitual behaviours are a result of multiple competing 

and interacting influences. Below is an example of the models that were used in this 

work.  

Table 3.5. Model building process18 

Model 1 Model 2 Model 3 
- No predictors, just the random 

effect for the intercept 
- The output from this is used to 

calculate the interclass 
coefficients to understand how 
much variance is occurring at 
each level 

- Model + level 1 random effect. 
- This is used in Manuscript 1, 

keeping school as a random 
effect. 

- Adding in different potential 
correlates as they pertain to 
different socio-ecological 
domains. 

- Can be used with, or without 
covariates. 

- Model + level 1 and level 2 
random effects. 

- This is used in Manuscript 3, 
keeping school and ISCOLE site 
as a random effect. 

- Adding in different potential 
correlates as they pertain to 
different socio-ecological 
domains. 

- Can be used with, or without 
covariates. 

 

First, the model is run with no predictors to calculate ICCs. Then, we added 

various correlates, along with potential correlates we wanted to test. For manuscript 2, 

17 potential correlates were tested within the model; for manuscript 3, this list was 
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expanded to include some additional neighborhood variables and included 21 potential 

correlates. The majority of information for potential correlates was obtained via child- 

and parent-report questionnaire. Details on all potential correlates, how the 

information was collected, and how they were treated in analysis can be found in 

Manuscripts 2 and 3. For Manuscripts 2 and 3, accelerometer measured SED, and self-

reported ST were included as dependent variables. To satisfy the assumption of 

normality required in multilevel modeling, ST was log transformed for analysis.18 

Analysis for SED and ST were completed separately. To test associations between 

potential correlates and total SED or ST, potential correlates were first included in 

univariate models (including relevant covariates); variables that were at least marginally 

significant (p<0.10) were subsequently included in domain-specific models similar to 

those outlined in the socio- ecological model proposed by Owen et al. for SED19 (i.e., 

biological characteristics, behavioural characteristics, parental characteristics, and home 

and neighborhood environment). Variables that showed at least marginally significant 

associations (p<0.10) with SED or ST in the domain-specific models were included in the 

final model. Variables that remained significant (p<0.05) in the final model were 

considered correlates of SED and/or ST. In Manuscript 3, to show differences in levels of 

SED and ST between boys and girls in each site, we ran sex by site interactions and 

computed the least square means (LSMEANS) of fixed effects. We also ran the final 

models separately in each ISCOLE site to determine which correlates were the most 

common. 
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Multilevel analysis summarizes the distribution in terms of two parts – a fixed 

part that is unchanging across groups, and a random part that is allowed to vary from 

group to group. For Manuscript 2, school was treated as a random effect; Manuscript 3 

had an additional level and both school and ISCOLE site were treated as random effects. 

This allowed us to calculate associations across the entire ISCOLE dataset. If we had 

wanted to look at differences between countries, we would have kept ISCOLE site as a 

fixed effect. However, since we were examining such a large number of potential 

correlates, this was not feasible. Appendix I provides a sample SAS code that was run 

with additional analysis notes. 

Within the model statement, it is also important to specify which estimation 

should be used to handle degrees of freedom (of which SAS provides many options). A 

more comprehensive explanation can be found elsewhere but it should be mentioned 

that the two most commonly used estimates are Satterthwaite and the Kenward-Roger 

because they are well suited to be used in models with unbalanced designs and are able 

to handle complex covariance structures.20 The Kenward-Roger approximation 

(DDFM=KR) was used here as it also adjusts for small sample size bias.18 

3.3.4 Strengths and limitations of multilevel modeling 

The biggest strength of multilevel modeling is that it allows for the simultaneous 

examination of the effects of group level and individual level predictors on your 

dependent variable. This helps researchers to avoid the ecological fallacy, which is 

inherent in most other regression models. The ecological fallacy occurs when inferences 

from the nature of individuals (e.g., reasons for increased SED) are deduced from 
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inferences from the group to which the individual belongs.15 Multilevel models also tend 

to outperform traditional regression in predictive accuracy. Further, traditional analysis 

models can produce excessive Type 1 errors and biased parameter estimates.21,22 

However, multilevel modeling does come with some limitations. First of all, statistical 

techniques used in multilevel modeling are relatively advanced and therefore difficult 

for many researchers. The complexity of statistical knowledge needed to run multilevel 

modelling also means that there is opportunity to misinterpret findings. Multilevel 

modeling also assumes normality in dependent variables; meaning researchers may 

have to transform (and back transform) their data for analysis and interpretation. 

Finally, calculation of effect size is not as straightforward as with other regression 

models and currently no consensus exists to the most appropriate approach to use.22 

Multilevel modeling procedures, as they relate to each manuscript, are explained 

further in Chapter 4. 
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Chapter 4 

Research Results 

4.1 Canadian physical activity and screen time guidelines: are children aware? 

This manuscript has been written and formatted to adhere to the specifications for 

submission to the Journal of School Health (currently under review). 
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BACKGROUND: A recent review reported that few parents, or caregivers are aware of 

current physical activity (PA), or screen time (ST) guidelines. No study has examined 

children’s awareness. This study aimed to determine the proportion of Canadian 

children who could correctly identify PA and ST guidelines.  

METHODS: Data were obtained through the Canadian Assessment of Physical Literacy 

(CAPL)(n=787, 46.6% boys) and a CAPL sub-sample of the International Study of 

Childhood Obesity, Lifestyle and the Environment (ISCOLE) (n=223, 38.1% boys). PA and 

sedentary behaviour were measured by accelerometry; ST was measured via self-report. 

RESULTS: Most children (71.6%) correctly identified PA guidelines; 20.0% correctly 

identified ST guidelines. The majority of children knew they should try exercising and 

being more active to improve a sports skill (63.7%) or improve their fitness (88.2%). In 

adjusted models, children’s ability to correctly identify guidelines did not differ by 

activity level. Adjusted models showed significant associations between PA, ST, and self-

perceptions of PA. No associations were found with sedentary time.  
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CONCLUSION: Regardless of activity level, children correctly identified current PA 

guidelines; fewer children could identify ST guidelines. Given the low proportion of 

children meeting current guidelines, it may be beneficial to highlight them in the school 

curriculum.
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With the aim of helping parents, caregivers, and health care providers to 

improve activity habits of children, the Canadian Society for Exercise Physiology (CSEP) 

released evidence-informed Canadian physical activity (PA) and sedentary behaviour 

(guidelines for children and youth.1–3 The guidelines are based on the best available 

evidence, and developed in partnership with researchers, government representatives, 

and stakeholders from across Canada.4,5 

The PA guidelines recommend that children and youth participate in at least 60 

minutes of moderate- to vigorous-intensity physical activity (MVPA) daily, including 

incorporating vigorous-intensity activities, and activities that strengthen muscle and 

bone at least three days per week.1 Meeting the guidelines is associated with better 

cardio-metabolic health, lower prevalence of overweight/obesity, and improved bone 

health and mental health.4 Sedentary behaviour guidelines recommend that children 

and youth should minimize the time they spend being sedentary each day. Specifically, 

the sedentary guidelines recommend limiting recreational screen time (ST) to no more 

than 2 hours per day, limiting sedentary (i.e., motorized) transport, extended time spent 

sitting, and time spent indoors throughout the day.2 

Since the release of the PA and sedentary behaviour guidelines, many studies in 

Canada, and elsewhere, have examined the health benefits of adhering to the 

guidelines; however, little work has been done to examine children’s own knowledge or 

understanding of the guidelines. A recent review showed the paucity of research in this 

area, and highlighted low awareness of PA and sedentary behaviour guidelines from 

parents, the general public, and health care providers.6 Carson et al.,7 examined 
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paediatrician awareness, agreement, and use of the PA and sedentary behaviour 

guidelines and reported that less than 10% of those sampled were familiar with the PA 

and sedentary behaviour guidelines for the early years, children, and youth. Results 

from a ParticipACTION report also showed low awareness of the guidelines among the 

general population and mothers.6 Eight percent of the general public and 12% of moms 

responded that they had heard of the PA guidelines; 3% of the general public and 3% of 

moms had heard of the sedentary behaviour guidelines. The review was not able to 

identify any studies that asked children directly about their knowledge, or 

understanding of the guidelines.8  

The primary aim of this study was to determine the proportion of Canadian 

children who could correctly identify current PA and sedentary behaviour guidelines 

(specifically related to ST guidelines) in prompted questioning. Children were also asked 

questions about their self-perceptions of PA, and how they could improve their sports 

skills and fitness level. In a subsample of participants, we examined if guideline 

knowledge, or self-perceptions of PA were associated with accelerometer measured PA, 

accelerometer measured total sedentary time (SED), or self-reported ST.  

METHODS 

Participants 

Canadian Assessment of Physical Literacy 

The Canadian Assessment of Physical Literacy (CAPL) is a battery of tests 

designed to assess physical literacy defined here as the capacity to achieve a healthy, 

active lifestyle, in children and youth.9,10 Data used here were collected in 2011-2012 
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through elementary schools (grades 1-8, ages 6-14 years) across Ottawa, Ontario. 

Selected English Catholic schools in Ottawa and English public schools in Eastern Ontario 

were invited to participate in the CAPL assessments and all students in the classes who 

volunteered to participate received a study information package to take home. The 

information package explained the study procedures and included the parent consent 

form. Children who completed the CAPL assessment were included in the current 

analysis (n=787, 47.2% boys). This analysis included CAPL assessments for motivation 

and confidence (measured via self-report questionnaire), and knowledge, awareness 

and understanding of PA (measured via self-report questionnaire). 

The International Study of Childhood Obesity, Lifestyle and the Environment 

The International Study of Childhood Obesity, Lifestyle and the Environment 

(ISCOLE) is a multi-national, cross-sectional study conducted in 12 countries around the 

world. Details on ISCOLE methodology have been published elsewhere.11 Data for 

ISCOLE were collected from Grade 5 students (aged 9-11 years) from four school boards: 

English Public, French Public, English Catholic, and French Catholic across the Ottawa, 

Ontario region. As part of ISCOLE-Canada, the CAPL was administered as an ancillary 

study such that schools from the English Public, and the English Catholic schools that 

participated in ISCOLE were invited to participate in CAPL until a sample size of 200 

children was reached. Data collection for ISCOLE-CAPL occurred in spring 2013 with 

about half of those who consented to participate in ISCOLE providing complete CAPL 

data (n=223, 38.1% boys). Additional information on daily activity (i.e., accelerometer 

measured information on PA and SED, self-reported ST), parental education, and 
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maturity offset was also extracted for these children from the main ISCOLE-Canada 

database. 

Ethics approval for CAPL, ISCOLE, and ISCOLE-CAPL was provided by the research 

ethics board at the Children’s Hospital of Eastern Ontario, the University of Ottawa, and 

the participating school boards. Written informed parental consent and child assent 

were obtained from all participants. 

Instrumentation 

Knowledge of the guidelines and perceptions of physical activity 

The Knowledge and Understanding questionnaire (https://www.capl-

ecsfp.ca/capl-manual/) was administered during class time by a trained researcher; 

children were instructed to read and answer the questions independently, but 

clarification was provided if requested. The researcher emphasized that the questions 

asked about the children’s own opinions, that there were no right or wrong answers, 

and if uncertain, children should answer to the best of their knowledge (multiple choice 

answers were provided). Questions regarding knowledge of PA and ST guidelines were 

re-coded as binary variables to reflect correct (and incorrect) responses. It is important 

to note that the questionnaire only asked about the main message of the PA guidelines 

(i.e., accumulating 60 minutes of MVPA daily), and about the screen time within the SB 

guidelines (i.e., limiting recreational screen time to no more than 2 hours per day). In 

other words, children were not asked about all aspects of the guidelines. 

Children were asked about what they would do to improve a sports skill, and 

what they would do if they wanted to improve their fitness. For both questions, there 

https://www.capl-ecsfp.ca/capl-manual/
https://www.capl-ecsfp.ca/capl-manual/
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were four possible responses: “read a book”, “wait until you get older”, “try exercising 

or being more active”, or “take a lesson”. Children were also asked what they would 

prefer to do after school. Answers to this question were dichotomized as “sedentary” or 

“active” (sedentary: play video/computer games, read, homework, chat with friends 

online, watch TV; active: play with friends at the playground, go to my sports team’s 

practice, walk my dog). Questions relating to self-perceptions of PA were asked on a 

scale of 1-10 (1 being the lowest, 10 being the highest). Participant responses were 

analyzed as a continuous variable but participant response rate is presented in tertiles, 

to reflect the wording of the questions. Importance of increasing current activity is 

presented as: “I’m already active enough” (score: 1-3), “I need to be a little more active” 

(score: 4-7), and “I need to be a lot more active” (score: 8-10). Comparing their own skill 

level to that of their peers is presented as: “others are better” (score: 1-3), “same” 

(score: 4-7), and “I’m a lot better” (score: 8-10). 

Anthropometrics 

Anthropometrics were measured by trained researchers according to standard 

procedures.11 In both CAPL, and ISCOLE-CAPL, height was measured to the nearest 0.1 

cm using a SECA portable stadiometer (Medical Scales and Measuring Systems, 

England). In CAPL, weight was measured to the nearest 0.1 kg with a digital scale (A&D 

Medical Engineering Inc, USA). In ISCOLE-CAPL, weight (to the nearest 0.1 kg) was 

measured using a portable Tanita SC-240 Body Composition Analyzer (Arlington Heights, 

IL, USA). Body mass index (BMI) was calculated (kg/m2) and age- and sex-specific BMI z-

scores were determined using the CDC growth charts.12  
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Habitual activity 

Participants from the ISCOLE-CAPL subsample were asked to wear the ActiGraph 

GT3X+ triaxial accelerometer (ActiGraph LLC, Pensacola, FL, USA). Participants wore the 

accelerometer, attached to an elastic belt around the waist (at the right mid-axillary 

line), for 7 consecutive days, 24 hours per day, removing only for aquatic activities (e.g., 

bathing, swimming).13,14 To increase compliance, study staff instructed children on how 

to wear the accelerometer during the initial in-school assessment, conducted an in-

person compliance check and contacted participants twice via telephone to ensure they 

were wearing the device, and to address any questions. To be included in the ISCOLE 

dataset, participants were required to provide at least four days of valid measurements 

(including at least one weekend day), with at least 10 hours of waking wear time per 

day.15,16 Data were collected at a sampling rate of 80 Hz, downloaded in 1-second 

epochs, and aggregated to 15-second epochs.17 moderate- to vigorous-intensity PA 

(MVPA) and SED were defined consistent with widely used cut-offs from Evenson et 

al.,17 (i.e., sedentary: 0-25 counts/15 seconds, light: 26-573 counts/15 seconds, 

moderate-to-vigorous: ≥574 counts/15 seconds). 

Self-reported screen time 

Child-report screen time was captured as part of the ISCOLE Diet and Lifestyle 

Questionnaire and included here to examine its relationship with knowledge of screen 

time guidelines11. Children were asked how many hours they typically watched 

television (TV), and how many hours they played video games and/or used the 

computer per week day, and per weekend day. Responses were: 0= I did not watch TV, 
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1= less than, or one hour of TV, 2= 2 hours, 3= 3 hours, 4= 4 hours, 5= 5 or more hours 

of TV. A weighted mean score of hours of screen time per week was then calculated as 

follows: [(hours of TV on weekdays x 5) + (hours of TV on weekend days x 2) + (hours of 

video games and computers on weekdays x 5) + (hours of video games and computers 

on weekend days x 2)]/7. For analysis, this is presented as a screen time score, rather 

than total hours of screen time since after 5 hours per day, we could not ascertain the 

participant’s actual amount of screen time. After testing for normality, ST was log-

transformed for analysis and analyzed as a continuous variable. ST was also presented 

as those who did not meet ST guidelines of ≤2 hours/day.2 

Additional covariates 

 Sex, waist circumference, maturity offset, parental education (mother and 

father) were included as covariates in models when determining the relationship 

between activity status, knowledge of the guidelines, and perceptions of PA. Biological 

maturity was estimated using the maturity offset method, which estimates an 

individual’s age from peak height velocity (from height, sitting height, body mass, and 

chronological age).18 Maturity offset was included as a covariate instead of age since the 

age range for the ISCOLE-CAPL subsample was so narrow, and maturity has been shown 

to be significantly associated with habitual activity.19 Highest parental-report education 

was used to estimate socio-economic status.  

Data analysis 

Statistical analyses were completed using SAS 9.4 (SAS Institute Inc., North 

Carolina, U.S.A). Descriptive information (mean, standard deviation) was calculated for 
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demographic and anthropometric characteristics of all participants. Independent 

samples t-tests and chi-squared tests were used to determine differences between CAPL 

and ISCOLE-CAPL, and between boys and girls. In the ISCOLE-CAPL subsample, additional 

analysis was performed related to guideline awareness. Multilevel general linear models 

(PROC MIXED), including school as a random effect, were used to determine the 

relationship between guideline awareness and measures of directly measured activity 

status (i.e., MVPA and SED), ST, and self-perceptions of PA.20 The Kenward-Roger 

approximation (DDFM=KR) was used to calculate degrees of freedom.21 Multicollinearity 

was tested using tolerance and variance inflation factors, and results indicated no issues 

with multicollinearity.22 Interclass correlation coefficients were calculated to determine 

the amount of variation in PA, SED, and ST that was attributable to the individual, and to 

the school level. 

RESULTS 

Participant characteristics are presented in Table 1. Children from ISCOLE-CAPL 

(n=223) had smaller waist circumferences [mean difference = -6.7 cm (95% CI: -6.15, -

3.23), p<0.0001)] and lower BMI z-score [mean difference = -0.26 (95% CI: -.042, -0.11), 

p=0.0008] than children from the CAPL (n=787) group. Within the ISCOLE-CAPL sample, 

boys had a higher waist circumference (p=0.021) and BMI z-score (p=0.021) than girls. 

There were no differences between boys and girls within the CAPL sample. In the 

ISCOLE-CAPL subsample, the largest fraction of the total variance in MVPA, sedentary 

behaviour, and screen time was explained by individual-level factors (89%, 89%, and 

88% respectively), with the remainder explained by school level differences. 
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Knowledge of physical activity and screen time guidelines 

Data on the children’s knowledge of PA and ST guidelines, including participants 

from CAPL and ISCOLE-CAPL, are presented in Table 2. In prompted questioning, the 

large majority of boys (72.3%) and girls (70.8%) were able to correctly identify that they 

should accumulate 60 minutes of MVPA daily. Fewer children were able to correctly 

identify ST guidelines; boys were more likely to correctly identify ST guidelines than girls 

(22.8% of boys, and 17.7% of girls, p=0.0475). However, a large proportion of children 

(65.2% of boys and 72.7% of girls) identified that the guidelines recommend 30 minutes, 

or 1 hour or less of screen time per day. While this is incorrect, it is in line with the 

overarching recommendation of the sedentary behaviour guidelines that recommends 

that children minimize the time they spend sedentary each day. 

Perceptions of physical activity 

Children’s responses to the Knowledge and Understanding of PA questionnaire, 

including participants from CAPL and ISCOLE-CAPL, are presented in Table 2. When 

asked what the best thing to do to improve a sport skill, most children (63.7%) said that 

they should try exercising and being more active. Eight-eight percent of children also 

stated that they should try exercising and be more active if they wanted to get in better 

shape. The majority of children (64.8% of boys and 71.7% of girls, p=0.0237) stated that 

if given the choice, after school they would pick an active pursuit like playing with 

friends, or walking their dog. When comparing themselves to their peers, boys were 

more likely to report they were “a lot better” at sports or skills (49.3% of boys versus 

28.6% of girls, p<0.0001). 
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Measured physical activity  

 Of the 223 children who participated in ISCOLE-CAPL, 202 had complete 

accelerometer data. On average, they accumulated 58 minutes of MVPA and 8.5 hours 

of SED per day. Boys engaged in significantly more MVPA than girls (p<0.0001) (Table 1). 

In adjusted models, neither level of MVPA, nor SED were associated with being able to 

correctly identify PA guidelines (Figure 1, Panel A), or ST guidelines (Figure 1, Panel B). 

Similarly, in adjusted models, ST did not differ between those who could correctly 

identify PA or ST guidelines (data not shown as screen time score was log transformed 

for analysis). The relationship between MVPA and SED remained non-significant when 

including those who reported screen time guidelines as 30 minutes, or 60 minutes as 

having correctly identified the guidelines; however, with this new categorization, there 

was a negative relationship between ST and awareness of ST guidelines (β =-0.25, 

standard error=0.12, p=0.0277). 

Associations between activity level and perceptions of PA are presented in Table 

3. After adjusting for covariates, children with lower levels of MVPA were less likely to 

report that they were a more active than their peers. Similarly, children who reported 

higher levels of ST were less likely to report that they were more active, or more skilled 

than their peers. Children reporting higher levels of ST were also more likely to correctly 

identify strategies to increase their fitness than children who reported lower levels of 

ST. No associations were found with SED.  

DISCUSSION 
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 This work shows that the large majority (71.6%) of children could correctly 

identify PA guidelines; fewer (20.0%) were able to correctly identify ST guidelines of 2 

hours per day, but the majority (89.4%) correctly identified the guidelines as ≤2 hours 

per day. We also found that most children could correctly identify strategies to increase 

their sports skills and fitness levels (i.e., try exercising or being a lot more active), and if 

given the choice would pick an active after-school pursuit. Furthermore, we determined 

that activity level was not associated with knowledge of the guidelines, but was 

associated with some self-perceptions of PA. 

Overall, children seemed to have fairly accurate self-perceptions of their activity 

status. This was especially true when looking at MVPA and ST, where children could 

correctly self-identify as being more, or less active than their peers. It was interesting 

that children who reported higher levels of ST were more likely to correctly identify 

strategies to improve their fitness, perhaps because they’ve had more discussions about 

fitness than children who are already considered active. It was also interesting that we 

found no significant associations with SED. This is consistent with previous work 

suggesting that at least in children, ST, and not SED may be the more important 

behaviour.23 

Compared to previous studies examining parental knowledge of Canadian PA and 

sedentary behaviour guidelines,24,25 we found that the proportion of children able to 

correctly identify the guidelines was much higher. We could not find other studies 

examining children’s awareness of PA guidelines (in Canada, or elsewhere), so it is 

possible that low levels of awareness are limited to adults. This may be in part due to 
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the fact that children are taught about PA during school, whereas adults may not have 

been recently exposed to guideline-specific information. It is also possible that children 

simply guessed the correct answer. This is a limitation associated with prompted 

questioning and the questionnaires used for this study. However, previous results from 

prompted questioning in adults show awareness at close to 30%, which is still much 

lower than what was shown in the current analysis.6 

We speculate that there are several potential reasons why most children were 

not able to correctly identify ST guidelines. The first is that the overarching message 

associated with the sedentary behaviour guidelines is to reduce sedentary behaviour, 

limiting ST to no more than 2 hours per day is a bullet point of the guidelines, and 

therefore it is possible that it is lost in the messaging. Work from ParticipACTION 

showed that the general population, as well as moms of children aged 5-11 years, were 

most likely to identify the statement “lower levels of screen time are associated with 

additional health benefits” as the main component of the sedentary behaviour 

guidelines, and not “limit screen time to less than two hours per day”.2  

Future work should examine which components of the guidelines children are 

able to identify, and what can be done to improve this knowledge. Another possible 

reason why children are unaware of ST guidelines is that they are entirely unaware of 

the concept of sedentary behaviour, or sedentary behaviour guidelines. ParticipACTION 

showed that 70% of the general population, and 66% of moms had never heard of the 

sedentary behaviour guidelines and did not know the main components of the 

guidelines.6 Low levels of awareness of the SB guidelines may be in part due to the 
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terminology used; children may be familiar with the concept of screen time but they 

may not understand the concept of SB as a distinct health risk factor. The concept of 

sedentary behaviour is relatively new, and only recently have researchers come to 

consensus on its definition.26 Therefore it is possible that sedentary behaviour 

guidelines are undervalued by health promoters (e.g., teachers, parents, health care 

providers), in favour of promoting the PA guidelines. Future work should examine if re-

branding these guidelines as screen time guidelines could improve awareness. 

Limitations 

CAPL is a large, multi-site study that provides a comprehensive examination on a 

large group of children. ISCOLE-CAPL provides the added benefit of directly measured 

habitual activity, and a more comprehensive set of surveys, including parental and 

household characteristics. Adding the CAPL, and ISCOLE-CAPL samples together provides 

the largest, and most up-to-date examination of children’s awareness of Canadian PA 

and ST guidelines. Researchers from CAPL, and ISCOLE-CAPL received comprehensive 

training and were provided consistent feedback before and during survey administration 

to minimize potential bias. Additionally, accelerometers have been shown to be a valid 

tool to measure activity of all levels of intensity. However, it is well understood that a 

hip-placed monitor is less effective in distinguishing sedentary postures, and cannot 

accurately capture upper body movements, cycling, or activities when the monitor is 

removed (e.g., swimming). For ISCOLE, algorithms were used to distinguish sleep from 

SED. The algorithms have been validated and published,13 and accelerometer cut points 

for SED have high sensitivity,17 but there is always the possibility of misclassification. It is 
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important to note that this study relies predominantly on information from child-report 

questionnaires. Specifically, information related to guideline awareness was obtained 

via prompted questioning and may be biased. The child may also have simply chosen 

the correct response by chance. To provide context for the children’s responses, it 

would have been beneficial for teachers and parents to provide information on their 

knowledge of PA guidelines and habitual levels of PA as well. Finally, it is important to 

note that this study is limited to a small geographic region, so generalizability of the 

results may be limited. 

Conclusions 

 This study provides encouraging results about children’s knowledge of current 

PA guidelines. It is less encouraging that relatively few children are able to correctly 

identify ST guidelines, but provides areas of opportunity to improve messaging 

associated with the guidelines. This research also shows that children with more 

favourable measures of activity (i.e., higher levels of PA, lower levels of SED and ST), had 

better self-perceptions of physical activity. Guideline awareness provides important 

information on overall effectiveness of knowledge dissemination among the general 

public. Naturally, it will take some time for the guidelines to make their way in to 

mainstream educational material. It is important to continue to monitor progress and 

develop new and innovative ways (e.g., Twitter, Facebook27) to disseminate information 

about the guidelines to health care providers, and the general public.  

IMPLICATIONS FOR SCHOOL HEALTH 
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 Year after year we are seeing that children are not meeting physical activity 

guidelines, engaging in substantial amounts of sedentary behaviour, and accumulating 

excessive amounts of ST.28 However, children typically engage in more PA, and less 

sedentary behaviour during weekdays compared to weekends.29 Suggesting that the 

school day may provide a good opportunity to teach children about the importance of 

healthy lifestyle behaviours including improving self-perceptions of PA, and increase 

their knowledge about public health guidelines. In fact, in 2015, the Canadian Physical 

Activity and Sedentary Behaviour Guidelines were included in the Ontario Health and 

Physical Education Curriculum.30 This provides educators with a dedicated time to have 

these discussions with students, and will hopefully lead to increased awareness. This 

also means that researchers will need to make concerted efforts to continue to monitor 

and evaluate awareness of the guidelines while providing parents, caregivers, and 

teachers the tools they need to disseminate the information.  
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Table 1: Descriptive Participant Characteristics  

CAPL sample  Total (n=787) Boys (n=367) Girls (n=420) 

Age (years) 10.0 (1.3) 10.0 (1.3) 10.0 (1.3) 

Waist circumference (cm) 66.0 (10.4) 66.1 (10.0) 65.9 (10.8) 

BMI z-score 0.49 (1.04) 0.56 (1.00) 0.42 (10.10) 

ISCOLE-CAPL subsample Total (n=223) Boys (n=85)  Girls (n=138) 

Age (years) 10.0 (0.34) 10.1 (0.34) 10.0 (0.34) 

Waist circumference (cm) 61.3 (6.7) 62.6 (6.7) 60.4 (6.7) Ɨ 

BMI z-score 0.22 (0.98) 0.41 (0.97) 0.10 (0.98) Ɨ 

Maturity offset -1.9 (0.88) -2.84 (0.46) -1.37 (0.54)* 

Household income (n, %)    

Less than $15,000 2 (0.9) 1 (1.2) 2 (1.5) 

$15,000--59,999 20 (9.2) 2 (2.4) 17 (12.5) 

$60,000-139,999 97 (44.5) 34 (40.2) 64 (57.1) 

$140,000 and above 99 (45.4) 46 (56.1) 53 (39.0) 

Parental educationǂ    

Mother education  195 (88.2%) 74 (89.2%) 121 (87.7%) 

Father education 189 (85.5%) 73 (88.0%) 116 (84.1%) 

Accelerometer variables (min/day)    

Light intensity  301.9 (43.0) 305.6 (40.1) 299.6 (44.7) 

MVPA 58.1 (19.6) 66.3 (19.4) 53.0 (18.0)* 

Sedentary behaviour 508.2 (60.1) 505.3 (61.1) 510.1 (59.7) 

Self-report screen time score  (hours/day)    

Total screen time 2.4 (1.6) 2.6 (1.2) 2.3 (1.7) 

Computer/video game 1.3 (1.0) 1.4 (1.0) 1.0 (1.0) Ɨ 

Television 1.3 (0.9) 1.2 (0.7) 1.3 (1.1) 

All variables presented as mean (SD) unless otherwise noted. Statistical significance between boys and 

girls was assessed with unpaired t-test for continuous variables and chi-square tests for household income 

and parental education. 

BMI: Body Mass Index; MVPA: moderate- to vigorous-intensity physical activity 

* p<0.01, Ɨp<0.0001 

ǂMother and father education is presented as percentage who have self-reported that they have 

obtained a high school diploma or higher 
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Table 2: Responses to the Knowledge and Understanding of Physical Activity 

Questionnaire in Boys and Girls (total sample n=1,010) 

 Total (n, %) Boys (n, %) Girls (n, %) 

Knowledge of guidelines    
How many minutes of MVPA should you get each day? 

10 minutes 
20 minutes 
30 minutes 
60 minutes or 1 hour 

 
34 (3.5) 
52 (5.3) 

192 (19.6) 
700 (71.6) 

 
15 (3.5) 
23 (5.3) 

82 (19.0) 
312 (72.3) 

 
19 (3.5) 
29 (5.4) 

110 (20.3) 
383 (70.8) 

What is the most time that children should look at a 

screen each day?ǂ 

30 minutes 
60 minutes or 1 hour 
2 hours 
4 hours 

 
 

373 (38.2) 
305 (31.2) 
195 (20.0) 
104 (10.6) 

 
 

146 (34.0) 
134 (31.2) 

98 (22.8) 
52 (12.1) 

 
 

224 (41.3) 
170 (31.4) 
96 (17.7)* 

52 (9.6) 

Perceptions of physical activity    
If you wanted to get better at a sport skill like kicking and 
catching a ball, what would be the best thing to do? 

Read a book 
Wait until you get older 
Try exercising and being more active 
Take a lesson 

 
 

19 (2.0) 
13 (1.4) 

611 (63.7) 
317 (33.0) 

 
 

11 (2.6) 
6 (1.4) 

252 (59.7) 
153 (36.3) 

 
 

8 (1.5) 
7 (1.3) 

356 (66.8) 
162 (30.4) 

If you wanted to get in better shape, what would be the 
best thing to do? 

Read a book 
Wait until you get older 
Try exercising or being more active  
Take a lesson 

 
 

10 (1.0) 
21 (2.2) 

845 (88.2) 
82 (8.6) 

 
 

4 (2.0) 
12 (2.8) 

366 (86.7) 
4 (9.5) 

 
 

6 (1.1) 
9 (1.7) 

475 (89.5) 
41 (7.7) 

If you were allowed to pick what you do after school, 

which activity would you pick?§ 
Sedentary pursuit 
Active pursuit 

 
 

294 (31.1) 
650 (68.9) 

 
 

144 (35.2) 
265 (64.8) 

 
 

150 (28.3) 
380 (71.7) 

Compared to other kids your age, how active are you? 
A lot less active (1-3) 
Same (4-7) 
A lot more active (8-10) 

 
48 (4.9) 

512 (53.2) 
410 (41.8) 

 
18 (4.2) 

206 (47.6) 
209 (48.3) 

 
30 (5.6) 

313 (57.8) 
198 (36.6)§ 

Compared to other kids your age, how good are you at 
sports or skills? 

Others are better (1-3) 
Same (4-7) 
I’m a lot better (8-10) 

 
 

95 (9.7) 
512 (52.3) 
372 (38.0) 

 
 

40 (9.3) 
179 (41.4) 
213 (49.3) 

 
 

55 (10.2) 
332 (61.3) 

155 (28.6)† 

Significance between boys and girls was assessed by chi-squared test: *p<0.05,†p<0.0001 
ǂThis includes all television, video game, and computer use. Guidelines recommend limiting recreational 
screen time to no more than 2 hours per day2. 
§Sedentary: play video/computer games, read, homework, chat with friends online, watch TV; active: play 
with friends at the playground, go to my sports team’s practice, walk my dog 
MVPA: moderate- to vigorous-intensity physical activity.   
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Table 3: Associations Between Habitual Activity and Perceptions of Physical Activity (ISCOLE-CAPL subsample, n=202) 1 

 MVPA (min/day) SED (hour/day) ST Score 
 β SE p β SE p β SE p 

If you wanted to get better at a 
sport skill like kicking and 
catching a ball, what would be 
the best thing to do? 

         

Model 1 0.89 3.02 0.7680 -0.08 0.15 0.5820 -0.003 0.07 0.9709 
Model 2 4.38 2.86 0.1273 -0.21 0.15 0.1519 0.02 0.07 0.7924 

If you wanted to get in better 
shape, what would be the best 
thing to do? 

         

Model 1 -3.20 6.49 0.6226 -0.14 0.32 0.6769 0.27 0.14 0.0534 
Model 2 -9.33 6.08 0.1271 -0.01 0.31 0.9740 0.28 0.14 0.0487 

If you were allowed to pick what 
you do after school, which 
activity would you pick? 

         

Model 1 -2.45 3.30 0.4592 0.23 0.17 0.1599 0.17 0.08 0.0227 
Model 2 -3.12 3.13 0.3201 0.23 0.16 0.1480 0.13 0.07 0.0744 

Compared to other kids your 
age, how active are you? 

         

Model 1 -21.64 5.73 0.0002 0.56 0.30 0.0599 0.43 0.14 0.0011 
Model 2 -19.26 5.44 0.0005 0.41 0.14 0.1583 0.42 0.13 0.0013 

Compared to other kids your 
age, how good are you at sports 
or skills? 

         

Model 1 -12.74 5.89 0.0318 0.27 0.30 0.3634 0.33 0.14 0.0151 
Model 2 -9.01 5.62 0.1089 0.20 0.29 0.4836 0.33 0.13 0.0131 

Model 1: multilevel modeling showing the relationship between self-perceptions of physical activity and MVPA, SED, and ST, unadjusted for any covariates with school 2 
as a random effect. 3 
Model 2: multi-level modeling showing the relationship between self-perceptions of physical activity and MVPA, SED, and ST adjusted for sex, waist circumference, 4 
maturity offset, and highest parental education with school as a random effect. 5 
MVPA: moderate- to vigorous-intensity physical activity; SE: standard error; SED: total sedentary time; ST: screen time (log transformed). Bolded cells represent 6 
significant associations. 7 
  8 
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Figure legends 

Figure 1 

Title: Average moderate- to vigorous-intensity physical activity (MVPA), total sedentary 

time, and knowledge of physical activity (A) and screen time guidelines (B) in ISCOLE-

CAPL subsample (n=202). 

Legend: Data are presented as means ± standard error (SE). Participant’s answer to 

knowledge of physical activity and screen time guidelines were re-coded as correct 

(white bars), or incorrect (grey bars). Multi-level models, adjusted for sex, maturity 

offset, waist circumference, and highest parental education were used to determine 

associations between physical activity (β=-3.36, SE=2.95, p=0.2555), and sedentary 

behaviour (β=0.26, SE=0.16, p=0.8637), and knowledge of the guidelines.  
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4.2 Correlates of objectively measured sedentary time and self-reported screen time 

in Canadian children 

This manuscript has been written and formatted to adhere to the specifications for 

submission to the International Journal of Behavioural Nutrition and Physical Activity. 

This article has been published and can be found here: 

http://www.ijbnpa.org/content/12/1/38/ 

http://www.ijbnpa.org/content/12/1/38/
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4.3 Correlates of total sedentary time and screen time in 9-11 year-old children 

around the world: The International Study of Childhood Obesity, Lifestyle and the 

Environment 

This manuscript has been written and formatted to adhere to the specifications for 

submission to PLOS ONE. This article has been published and can be found here: 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0129622 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0129622
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Chapter 5 

Discussion 

 Chapter 1 and Chapter 2 provided the reader with the necessary background 

information to understand and interpret the research presented within this dissertation 

(the “why”). Chapter 3 provided information on the rationale and development of the 

manuscripts (the “how”); and Chapter 4 provided the reader with the research 

manuscripts associated with this work (the “what”). This chapter aims to provide a 

summary of the research results presented in Chapter 4 and provide additional insight 

on the overall findings of this doctoral work and how the results are integrated together 

(the “so what”). I also aim to highlight currents gaps in knowledge and provide areas of 

opportunity for future research (the “now what”). Finally, I aim to provide strengths and 

limitations of the work presented within this dissertation and how these could be 

overcome in future work.  

5.1 Summary of research findings 

 Included in this dissertation are two review papers that helped develop the 

background and rationale for this work, and three original research articles. All 

manuscripts included in this dissertation are closely linked and build upon each other. 

 Manuscript 1 aimed to gauge awareness of PA1 and SB (specifically ST)2 

guidelines among children and determine if guideline awareness differed with activity 

levels. This study was informed by Background Manuscript 1,3 which reported that 

awareness of current guidelines among the general population, moms, and pediatricians 
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was low.3 Background Manuscript 1 also showed that to date, no study had examined 

children’s awareness of PA or ST guidelines in Canada.3 Manuscript 1 was developed 

based on the assumption that public health messages to improve habitual behaviours 

are only beneficial if they are known to the general public, and the belief that children 

who were aware of current PA guidelines and/or ST guidelines would be more active 

and/or less sedentary than children who were unaware of the guidelines. We found that 

most children could identify PA guidelines, and that few children could identify ST 

guidelines. Contrary to our hypothesis, we showed that knowledge of guidelines was not 

associated with accelerometer-measured average daily PA, or self-reported average 

daily ST.  

 Background Manuscript 2 was included to help inform Manuscript 2 and 

Manuscript 3. Specifically, Background Manuscript 2 was developed to help support the 

work derived from ISCOLE4 and determine if ISCOLE participant characteristics were 

representative of children from the rest of that country. Manuscript 2 aimed to identify 

correlates of total accelerometer measured SED and self-reported ST in Canadian 

children using ISCOLE data.5 This manuscript was developed, in part to clarify our 

understanding of similarities and differences between SED and ST in the paediatric 

population. In Canada, children averaged 8.5 hours of SED per day and 46% exceeded ST 

guidelines.2,5 Multilevel modeling was used to account for the hierarchical nature of the 

data6 and to identify potential correlates. Waist circumference and number of TVs in the 

home were identified as common correlates of increased SED and ST. While waist 

circumference (or any measure of weight status) may need to be addressed through a 
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comprehensive, multi-dimensional intervention, reducing the number of TVs in the 

home may be a relatively easy recommendation to include in future public health 

guidelines. 

 Finally, Manuscript 3 was meant to build on Manuscript 2 and aimed to 

examine correlates of SED and ST in children from all 12 ISCOLE sites.4 This analysis was 

unique in that no study has used such a large, geographically, and socio-culturally 

diverse sample to understand children’s SB. Around the world, children averaged 8.6 

hours of SED per day and 56% of children exceeded current guidelines of ≤2 hours of 

recreational ST per day. Consistent with the analytical framework used in Manuscript 2, 

multilevel modelling was used for analysis.6 Through this analysis, we identified four 

common correlates of increased SED and ST including weight status, having a TV in the 

bedroom, having a computer in the bedroom, and not meeting PA guidelines. Similar to 

the findings from Manuscript 2, this study suggests that there are some correlates of 

increased SED and ST that are easily modifiable (e.g., removing TV or computer from the 

bedroom), and others that may require more intense behavioural interventions (e.g., 

meeting PA guidelines, or weight status).  

5.2 Interpretations within a population health context 

 This research was informed by the ecological models of health behaviour and 

SB as proposed by Sallis et al.,7 and Owens et al.8 Ecological models suggest that 

individual behaviours are influenced by many different and sometimes, competing 

factors, and that interventions to change behaviours must be as multi-dimensional as 

the behaviours themselves. As seen in Manuscript 2 and Manuscript 3, and consistent 
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with previous research, correlates of high SED and ST include a wide range of factors 

across biological, behavioural, and environmental domains.5,9 

 Results of this research are also in line with recommendations from the World 

Health Organization. Recognizing the importance of PA and its relationship with death 

and disease worldwide, the World Health Organization (WHO) has done a significant 

amount of work in the field of healthy active living. In May 2004, they adopted the 

“Global Strategy on Diet, Physical Activity and Health”.10 This strategy has four main 

objectives: reduce the risk of chronic disease related to physical inactivity and poor diet 

through population and public health interventions; to increase awareness and 

understanding of PA and diet and their influence on health; to develop, strengthen, and 

implement national policies and action plans on diet and PA; and to monitor science and 

promote research on PA and diet.10 Below, I have positioned the results of this 

dissertation to align with the objectives outlined by the WHO to suggest areas where we 

need to focus future research. These recommendations are not presented in order of 

importance, but represent a collection of multi-sectorial efforts to help children live 

their healthiest life.  

5.2.1 Continue to monitor and evaluate indicators of healthy active living 

 This insight is in line with the WHO Global Recommendations on Physical 

Activity for Health and their Global Strategy on Diet, Physical Activity and Health.10,11 As 

stated by the WHO, ongoing monitoring and evaluation is necessary to evaluate 

program success and identify areas of opportunity for future interventions; to ensure 

interventions, programs, and policies are implemented as they were intended; to 
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contribute to ongoing improvements through increased knowledge; to inform new and 

existing policies and interventions; and to ensure transparency and accountability.12 

Ongoing monitoring requires the collective effort of researchers, governmental and 

non-governmental groups, health care providers, teachers, and caregivers and requires 

funding from many different sources including governmental and non-governmental 

groups, industry, and charitable organizations.  

 This dissertation focused on awareness of current PA and SB guidelines, and 

overall levels of SED and ST in 9-11 year old children. Guideline awareness provides 

important information on overall effectiveness of knowledge dissemination among the 

general public. Naturally, it will take some time for the guidelines to make their way in 

to mainstream educational material. For example, it was only in 2015 that Canadian 

Physical Activity and Sedentary Behaviour Guidelines were included in the Ontario 

Health and Physical Education Curriculum.13 It is hoped that as resources get updated, 

awareness (and understanding) of the guidelines will also increase. It is important to 

continue to monitor progress related to awareness of the guidelines and integrate this 

into new and innovative ways to disseminate information about the guidelines to health 

care providers and the general public. For example, social media (e.g., Twitter, 

Facebook) have become invaluable tools for knowledge dissemination that were not 

available as little as ten years ago, and now account for a whole sub-area of health 

research.14 

 With respect to monitoring SED and ST in children, in many study sites, ISCOLE 

has provided the most up-to-date and robust study of child obesity and lifestyle 
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behaviours. International surveys like ISCOLE, as well as nationally representative 

studies (e.g., the Canadian Health Measures Survey) ensure that we continue to monitor 

childhood behaviours, growth and development. It also enables researchers to test new 

hypotheses and employs more advanced analytical techniques. For example, consensus 

on the terms “sedentary” and “sedentary behaviour” has only come recently,15 and 

even now we don’t fully understand the importance of sedentary physiology as it relates 

to chronic disease.16 Without proper measurement of various lifestyle behaviours, it is 

impossible to properly understand complex relationships and therefore plan effective 

population health interventions to reduce associated co-morbidities. 

5.2.2 Harmonize data collection strategies around the world 

 In recent years, due, in part, to advancements in monitoring technology, health 

researchers around the world lack a coordinated effort in data collection strategies. This 

was highlighted in Background Manuscript 2, where we saw very little comparable data 

from country-to-country. When trying to examine comparable data in ISCOLE countries, 

it was common to see a variable defined differently (e.g., physical inactivity versus SB), 

have it analyzed using different cut-points (e.g., body mass index using World Health 

Organization or Centers for Disease Control and Prevention cut points), and/or using 

different devices or procedures to measure the same health outcome (e.g., physical 

activity using accelerometers, pedometers, or self-report questionnaires). There are 

many strengths and limitations to the procedures that researchers choose to use to 

define, analyze, and measure their variables of interest, but when examining population 

health trends and effectiveness of global health interventions, I would argue that it is 
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more important to have consistent measurements over time, and space, than to capture 

large amounts of very specific, but incomparable data.  

 Again, the WHO has been a leader in this area, including the release of the 

Global Recommendations on Physical Activity and Health in 2010.11 This document 

aimed to provide a consistent message with other jurisdictions and guidance on how to 

establish culturally relevant PA messaging around the world. This document was largely 

informed by the same systematic reviews that informed Canadian physical activity 

guidelines.17–19 The WHO has also established a Global Infobase 

(https://apps.who.int/infobase/) which is a webpage dedicated to collecting, storing, 

and displaying information about chronic disease, and associated risk factors worldwide. 

This includes indicators for non-communicable diseases, international comparisons, 

information on mortalities, and country specific profiles. This represents an impressive 

effort for data collection and collaboration worldwide and it would be beneficial to see 

this expand to include a wider range of behaviours (e.g., SB, sleep) and age groups (e.g., 

not all information is available for children). This is at least partially dependent on data 

sharing, availability, and re-analysis of current research databases. With increased 

advocacy for transparency in all fields of research, many have provided compelling 

reasons for mandatory open access to all publicly funded research databases.20,21 While 

this may take some time to happen, it may have a positive impact in population health 

research moving forward. 

5.2.3 Ensure timely updates to guidelines and policies 

https://apps.who.int/infobase/
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 Canadian PA guidelines have sought to provide health professionals, 

researchers, and the public with evidence-informed targets to follow for health benefits, 

and have the potential to significantly contribute to improvements in overall health 

across Canada.1,22,23 Canadian PA guidelines were first released in 1998-2002 by Health 

Canada and the Canadian Society for Exercise Physiology (CSEP). Through a rigorous and 

transparent process, they were updated in 2011-2012 through collaborations between 

the Public Health Agency of Canada, CSEP, the Healthy Active Living and Obesity 

Research Group, and ParticipACTION. Current PA and SB guidelines were disseminated 

through a media launch to raise awareness, followed by promotion through researchers, 

health care providers, governmental and non-governmental organizations, teachers, 

and those with an interest in healthy active living. To date, the primary dissemination 

channel for Canadian guidelines has been through mass media campaigns including 

print, television and radio campaigns, and websites.  

 With the new guidelines, there was a recommendation that the guidelines be 

updated on a regular basis.1,2,24,25 It was suggested that this follows a cyclical format to 

minimize workload (i.e., by avoiding updating all guidelines at the same time) and to 

ensure all guidelines are updated on a timely basis.1 Currently work is being completed 

to update PA and SB guidelines for children and youth and to create a set of integrated, 

24-hour guidelines that include moderate- to vigorous-intensity PA, light intensity 

activity, SB, and sleep.26 These are planned to be released in 2016 and will be the first of 

their kind for any age group, anywhere in the world. As work is done to update 

guidelines to reflect the best available evidence, it is also important for policy makers 
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and health care providers to be flexible and willing to update their information at the 

same time. In other words, if new guidelines are released, but their uptake is low, the 

work to update them may be of little value to the general population. This is especially 

important to keep in mind as was pointed out in Background Manuscript 1 and 

Manuscript 1, awareness of current guidelines is low among all sectors of the 

population.  

 The results of Manuscript 2 and Manuscript 3 provide some suggestions as to 

what can be included in new SB guidelines. Specifically, the results of these two studies 

provide clear evidence that to reduce both SED and ST, children should not have 

electronics in their bedroom, and families should limit the number of TVs in their 

home.5 Further, the results suggest that to reduce SED and ST, efforts should also be 

made to increase PA and maintain a healthy weight. Public Health England just released 

guidelines on workplace sedentary time, suggesting that office workers progress 

towards accumulating at least 2 hours/day of standing and light activity, with the 

eventual target of 4 hours/day.27 This is another suggestion that may be adapted for the 

school day, with the introduction of standing workstations in the classroom. Preliminary 

research in this area has shown that classroom standing desks have been shown to 

increase energy expenditure (albeit modestly), decrease sitting time, and have no 

detrimental effects on productivity when compared to seated classrooms.28,29 

 Good news is that many children accumulate on average almost 60 minutes of 

physical activity per day.30 This is not quite the same as accumulating 60 minutes of 

activity each day of the week, but this is at least a first step in the right direction. Also, 
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although most children are exceeding current ST guidelines, they are exceeding them by 

approximately 35 minutes.5 So although there is still a lot of work to do, we may not 

need to change behaviours from one end of the spectrum to the other, and work to 

nudge people across the scale.31  

5.2.4 Strive for continual improvement of physical activity and sedentary behaviour 

guidelines and messaging 

 Current Canadian PA and SB guidelines were developed based on a rigorous 

and transparent process and informed by the best available evidence.1 The SB guidelines 

were the first evidence informed guidelines in the world. The background work to 

inform the guidelines and the process papers to introduce the guidelines are heavily 

cited in the scientific literature (see details in Background Manuscript 1).1,2,17–19,24,25,32,33 

However, few people can correctly identify what the guidelines actually are. Manuscript 

1 showed that children are more likely to correctly identify PA guidelines (compared to 

reports from parents, pediatricians, and the general population) but awareness of the 

ST guidelines is low. This raises two questions. First, what have we been doing wrong 

when trying to promote the guidelines among the general public, and second, does it 

actually matter if people can correctly cite the guidelines.  

 Manuscript 1 showed that levels of PA or SB did not differ between those who 

could correctly identify, and those who could not correctly identify current guidelines. 

Children also seemed to have fairly accurate self-perceptions of their activity status. This 

was especially true when looking at MVPA and ST, where children could correctly self-

identify as being more, or less active than their peers. This suggests that it does not 
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matter (at least in children), if they actually know the targets they need to meet in order 

to meet them. To my knowledge, this was the first paper that looked at children’s 

knowledge of current guidelines; however, the results of this study are limited in that it 

was based on a small, cross-sectional sample, of children in the Ottawa area, and ST was 

measured using self-report questionnaires. Future work should delve deeper in this 

issue to gain a better understanding of the importance of knowledge and understanding 

of guidelines. It would be especially interesting to measure both children and parental 

awareness of the guidelines to determine who is the more important audience for 

public health messages. It is possible that at least in children, parental knowledge of the 

guidelines is most important in predicting activity status. We could not find any studies 

that examined the relationship between adult’s knowledge or awareness of guidelines 

and activity status and so we could not borrow from this literature to better our 

understanding of the subject. It is possible that as long as children are aware that 

increased PA and decreased SB (especially ST) is associated with good health, then the 

specifics of the guidelines do not matter. 

 Determining how dissemination of the guidelines can be improved is beyond 

the scope of this discussion. However, this does not diminish the importance of the 

question. Future guidelines may want to consider more specific recommendations. For 

example, within the PA guidelines, there are very specific and measurable 

recommendations (e.g., vigorous-intensity PA at least 3 days per week).1 This makes it 

possible for researchers to examine benchmarks in PA levels and then confirm (or 

disprove) their association with improved health. SB guidelines provide an overarching 
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recommendation to reduce SB, with caveats to limit ST to no more than two hours per 

day and limit passive transport.2 It is possible to measure general reductions in SED, but 

practically, the ST guidelines are used most often operationally to measure guideline 

adherence. With the proliferation of research in this area, and the widespread use of 

accelerometers, there is now a wealth of data that can possibly inform more specific 

recommendations.  

 As discussed in Background Manuscript 1,3 it is also possible that low levels of 

awareness of the SB guidelines may be in part due to the terminology used. Although 

people may be familiar with the concept of ST (i.e., television, video game, or computer 

use), they may not be familiar with the concept of SB as a distinct health risk factor.34 

Furthermore, influencing decisions to adopt a new behaviour (e.g., reduce SB) may 

require different promotion and messaging strategies than influencing the decision to 

discard an old innovation (e.g., continue to follow the old PA guides). With the 

proliferation of SB research, it is possible that knowledge of the guidelines is set to 

increase in the near future. A systematic review led by the Centers for Disease Control 

Task Force showed insufficient evidence to determine effectiveness of stand-alone mass 

media campaigns for increasing PA.35 For successful knowledge dissemination, they 

suggest that media campaigns be integrated into a broader, multicomponent, 

community-wide intervention.35 

5.2.5 Refine methods for measuring sedentary behaviour in children and youth 

 Previous work has shown that ST is often used as a proxy measure for SED.36 ST 

accounts for only about a third of SED,36 with the rest of the SED being spent in a variety 
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of other pursuits such as reading, passive transport, or eating. With ST accounting for 

only a small proportion of SED, the appropriateness of using ST as a proxy measure for 

SED has been questioned.36 Still, many studies use measures of SED and ST 

interchangeably, and make public health messages based on these mixed results. This is 

important since increased ST is consistently associated with poor health in children and 

youth, but the relationship between increased SED and increased disease risk is less 

clear.37,38 We also saw in Manuscript 1 that ST, but not SED was associated with self-

perceptions of physical activity. Background Manuscript 2 showed that consistent with 

previous work, boys engaged in more ST, and are less likely to meet ST guidelines than 

girls9,39–41 but girls accumulated more SED than boys.9,42 In ISCOLE, participants from the 

China site engaged in the highest amount of SED (9.4 hours per day), but had the second 

lowest ST score (approximately 1.9 hours per day).  

Although activity monitors (e.g., accelerometers, pedometers, or inclinometers) 

are invaluable for assessing movement behaviours, they provide little information about 

the type of activity that is being performed. For example, they are unable to distinguish 

between sitting watching TV and sitting reading a book. This may cause issues with data 

interpretation and recommendations and suggests to researchers that self-report 

measures may be more informative. However, previous work has shown that self-report 

measures do not necessarily provide an accurate depiction of habitual activity. In fact, 

self-report measures of PA are generally over-reported in children and in adults.43,44 This 

indicates that researchers should use a combination of self-report and directly 

measured activity. But again, the answer is not that simple, as it is important to 
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minimize burden on participants. A carefully chosen, and limited number of questions 

paired with an unobtrusive activity monitor (e.g., waist or wrist worn), worn for a 

minimal time period (e.g., no more than 7 days), may be acceptable to most 

participants. Recent work has shown acceptable reliability with as few as four days of 

monitoring for sitting time, but seven days of monitoring time for MVPA. Even with 

acceptable reliability, it is likely that day-to-day variations in sitting time will be high (as 

much as 4.5 hours/day).45 

5.3 Summary of strengths and limitations of this work 

 There are many strengths and limitations of this work; some limited to specific 

sections included within the dissertation, and some related to the thesis as a whole. A 

detailed discussion of study-specific strengths and limitations is presented in each 

manuscript. Here I aim to discuss the broader strengths and limitations of the thesis as a 

whole, and how they related to the larger research literature. 

5.3.1 Strengths 

 By far the most significant strength of this dissertation is the collaboration that 

went into every aspect of the work. Each manuscript benefited from collaborating with 

some of the best pediatric health researchers in the world. Beyond the improvements 

these collaborations made to the quality of the work presented in this dissertation, they 

also provided opportunity for me to improve as a researcher. These collaborations 

provided countless learning opportunities for myself, and provided me with a great deal 

of exposure to research (beyond just the manuscripts presented within this 

dissertation). This also ensured that my analytical framework was sound, and that the 
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work was disseminated widely. For example, Manuscript 2 has already been deemed 

“highly accessed” by the International Journal of Behavioural Nutrition and Physical 

Activity. Finally, working with many collaborators, from many different research groups 

from around the world, provided me with exposure to work with various types of work 

styles, beliefs and habits. I believe that this last point has made me a more flexible 

researcher and will benefit me when trying to develop my own research program and 

collaborate with others in the future.  

 Background Manuscript 1 and Manuscript 1 provided a comprehensive report 

on awareness of PA and SB guidelines in Canada. This had not been examined since the 

new guidelines were released in 2011-2012, and an important contribution to public 

health messaging associated with updates to the guidelines moving forward. 

Background Manuscript 2, Manuscript 2, and Manuscript 3 made use of the ISCOLE 

dataset. As highlighted in Background Manuscript 2, ISCOLE provides the most up-to-

date and most robust data on obesity and PA in 9-11 year old children around the 

world.4 With ISCOLE, Manuscript 3 is able to provide a comprehensive look at SED and 

ST in countries around the world, including some countries that have never published 

information in this area. This work was also the first to analyse correlates of SED and ST 

in such a large, geographically diverse study sample, using sophisticated analytical 

techniques. The multilevel modelling analytical framework that was used for data 

analysis in Manuscripts 1, 2, and 3 has ensured that they will provide a significant 

contribution to the field. Multilevel modelling was used to properly account for the 

hierarchical nature of the data collected in ISCOLE. Manuscript 2 was designed to test 
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the relationships between SED and ST in children around the world. Multilevel models 

require relatively advanced statistical techniques, but provide a robust examination of 

various behaviours while accounting for differences across study sites.6,46  

5.3.2 Limitations 

 The biggest limitation associated with this work is the generalizability of the 

findings. ISCOLE participants were primarily recruited through convenience samples, 

thus the within-site samples were not designed to be nationally representative.4 To 

understand how to better interpret results from ISCOLE, and to make informed 

recommendations, Background Manuscript 2 aimed to determine if ISCOLE participants 

were comparable to their peers. Unfortunately, due to limitations in data availability, we 

recommend that results from ISCOLE should be used with appropriate caution when 

planning country-level population health interventions.  

 ISCOLE data are also limited to children aged 9-11 years of age, with little work 

done to compare results between boys and girls. The results should be used with 

caution when generalizing to other age groups, or when developing messaging 

specifically for boys or girls. We did run all models for the total sample, and then 

separately for boys and girls, however, we did calculate any interactions between boys 

and girls and therefore cannot report on the between group significance. Another major 

limitation associated with this work is that it is entirely based on cross-sectional datasets 

and therefore we cannot comment on the direction of causation. This also opens up the 

possibility that the results shown here were found by chance and are not true (i.e., Type 

1 error), or that we missed associations that are a true reflection of the truth (i.e., Type 
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2 error). The likelihood of making these errors was minimized by the statistical 

techniques used throughout this work,46 and through comparisons with previous work; 

however, they must be considered when interpreting the results.  

 Manuscript 1 used data from CAPL, and from the ISCOLE-CAPL subset. The 

questions related to guideline awareness were captured via child-report questionnaire 

as part of CAPL, and we had no measure of parental awareness of the guidelines. Given 

the disconnect between the high level of guideline awareness reported in Manuscript 1, 

and the low level of awareness reported in parents, and healthcare providers in 

Background Manuscript 2, it would have been interesting to have both child- and 

parent-report data from the same population. Especially given that children are not 

autonomous in the majority of their choices, and rely largely on parental access to 

activities. Future work should compare the relationship between guideline awareness 

and activity status among children, parents, and teachers. This could help identify who 

to target for guideline-related public health messages.  

 Further limitations of this work are related to the type of analysis performed. 

This work was limited to quantitative analysis and it is possible it could have benefited 

from mixed-methods research. However, logistically, qualitative research can be difficult 

with large sample sizes, especially over a large geographical area. But, for example, 

when examining knowledge and awareness of PA and SB guidelines, it may have been 

worthwhile to conduct focus groups or interviews to gain a better understanding on 

how people used, or did not use the guidelines. This may be an area for future research.  
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5.4 Knowledge translation strategy 

 The primary method for disseminating the results of this work was through 

peer-reviewed publications and conference presentations, with additional outreach 

through social media outlets (Healthy Active Living and Obesity Research website: 

www.haloresearch.ca, and twitter: @AllanaLeBlanc, @HALOresearch). When possible, 

manuscripts were, and will be published in open access journals to ensure maximum 

reach. Conferences were targeted with maximum reach in mind with assistance from 

travel grants from the Faculty of Graduate and Postdoctoral Studies at the University of 

Ottawa, Population Health at the University of Ottawa, the Canadian Institutes for 

Health Research, Mitacs, and the Healthy Active Living and Obesity Research Group at 

the Children’s Hospital of Eastern Ontario Research Institute. Presentations associated 

with this thesis, and on related projects that were completed during my doctoral 

training, were given at the Canadian Society for Exercise Physiology Annual Meeting, the 

Canadian Obesity Summit, the Global Summit on the Physical Activity of Children, the 

International Society for Behavioural Nutrition and Physical Activity Conference, The 

Obesity Society Annual Meeting, and the World Congress on Sleep Medicine. The wide 

breadth of conferences I was able to attend (both geographically and content-wise) 

allowed me invaluable networking opportunities with leaders in the field of healthy 

active living. Since the majority of the manuscripts included in this dissertation involved 

collaborating with researchers from around the world, these conferences also provided 

me time to meet face-to-face with many of my co-authors. 

http://www.haloresearch.ca/
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5.5 Conclusions 

 This dissertation provides a comprehensive look at awareness of public health 

guidelines, and SB in children. Specifically, it aimed to examine awareness of current PA 

and ST guidelines and the association with habitual activity in Canadian children, identify 

correlates of SED and ST in a Canadian sample of 9-11 year-old children, and identify 

correlates of SED and ST in 9-11 year-old children from 12 countries around the world. 

We showed that among children, awareness of PA guidelines is high, but low for ST 

guidelines, and that their awareness was not associated with habitual activity status. We 

also identified correlates of SED and ST in Canada, and around the world. We identified 

some correlates that may be easily modified through public health messaging, and 

others that may require more in depth behavioural interventions. Overall, several 

recommendations were made for future work including to continue to monitor and 

evaluate indicators of healthy active living; to harmonize data collection strategies 

around the world; to strive for continual improvement of physical activity and sedentary 

behaviour guidelines and messaging; and to refine methods for measuring sedentary 

behaviour in children and youth.  
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Appendix A 

Background Manuscript 1 

 

Are participant characteristics from ISCOLE study sites comparable to the rest of their 

country? 

This manuscript has been written and formatted to adhere to the specifications for 

submission to a special issue of the International Journal of Obesity. This manuscript is 

currently under review. 
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Abstract 
 
Background/objectives: The International Study of Childhood Obesity, Lifestyle and the 

Environment (ISCOLE) provides robust, multi-national information on physical activity, 

diet and weight status in 9-11 year-old children around the world. The purpose of this 

analysis was to examine the similarities and differences between participant 

characteristics from ISCOLE sites and data from nationally representative surveys from 

ISCOLE countries (Australia, Brazil, Canada, China, Colombia, Finland, Kenya, India, 

Portugal, South Africa, the United Kingdom, and the United States). Methods: 

Distributions of characteristics were assessed within each ISCOLE country-level 

database, and compared to published data from national or regional surveys, where 

available. Variables of comparison were identified a priori and included body mass index 

(BMI), physical activity (accelerometer-determined steps per day), and screen time 

(child-report). Results: Of twelve countries, data on weight status (BMI) were available 

in eight countries, data on measured physical activity (steps per day) were available in 

five countries, and data on self-reported screen time were available in nine countries. 

The five ISCOLE countries that were part of the Health Behaviour in School-aged 

Children Survey (i.e., Canada, Finland, Portugal, United Kingdom (England), and United 

States) also provided comparable data on self-reported physical activity. Available 

country-specific data often used different measurement tools or cut-points, making 

direct comparisons difficult. Where possible, ISCOLE data were re-analysed to match 

country-level data, but this step limited between-country comparisons. Conclusions: 

From the analyses performed, the ISCOLE data do not seem to be systematically biased; 
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however, due to limitations in data availability, data from ISCOLE should be used with 

appropriate caution when planning country-level population health interventions. This 

work highlights the need for harmonized measurement tools around the world while 

accounting for culturally specific characteristics, and the need for collaboration across 

study centres and research groups. 
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Introduction 

The prevalence of paediatric obesity and related lifestyle behaviors has been 

examined in many countries; however, the International Study of Childhood Obesity, 

Lifestyle and the Environment (ISCOLE) represents the most up-to-date, directly 

measured, harmonized study of several countries ranging widely in level of human 

development.1 Previous multi-national studies have focused on one geographic region 

(e.g., HELENA in Europe [Healthy Lifestyle in Europe by Nutrition in Adolescents]2), or 

limited their inclusion to developed, or high income countries (e.g., HBSC [Health 

Behaviour in School-aged Children]3,4). ISCOLE aimed to recruit study sites with diverse 

geographical distribution from around the world, and drawn from low-, middle-, and 

high-income countries. Further, many previous studies have been limited by small 

sample sizes, indirect measurements, and/or the inability to generalize their findings to 

larger populations. With so many small, isolated, and non-representative studies, it 

becomes difficult to inform population health interventions, especially on a global scale. 

ISCOLE participants were primarily recruited through convenience samples, thus 

the within-site samples were not designed to be nationally representative. However, to 

understand how to better interpret results from ISCOLE, and to make informed 

recommendations, it is important to understand whether ISCOLE participants are 

comparable to their country-level peers as a whole, or if they represent a unique subset 

of the larger population. The purpose of this paper was to determine if data collected at 

ISCOLE study sites were representative of their site country. This work may be used to 

better understand the limitations, potential biases and generalizability of ISCOLE results, 
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and to understand current gaps in health and obesity-related knowledge in participating 

countries.  

Methods 

International Study of Childhood Obesity, Lifestyle and the Environment 

Details on participant recruitment and sampling strategy have been reported in 

the ISCOLE methods paper.1 In brief, data collection occurred from September 2011 

through to December 2013 with a goal of recruiting at least 500 participants, aged 9-11 

years, from each study site. Sites made an effort to stratify their sample by indicators of 

socio-economic status to maximize variability, and generally had a goal of including at 

least 20 schools, with approximately 25-30 children per school.1 Many countries 

included both private and public schools, although all sites limited their data collection 

to large cities, and urban or suburban schools (i.e., no country collected data from 

participants living in remote or rural areas, or attending rural schools). To ensure that 

ISCOLE participants represented diverse backgrounds and circumstances, study sites 

were chosen from diverse geographic regions around the world (i.e., Europe, Africa, the 

Americas, South Asia, and the Western Pacific) and across different levels of socio-

economic indicators (i.e., World Bank classification, Human Development Index, and the 

Gini Index). The ISCOLE coordinating center, located at the Pennington Biomedical 

Research Center in Baton Rouge, Louisiana, was responsible for overall administration of 

the study. This project was approved by the relevant research ethics boards at 

Pennington Biomedical Research Center, at each ISCOLE study site, and at the respective 
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school boards. Written informed parental consent and child assent were obtained for all 

participants as required. 

ISCOLE variables used for the present analysis were limited to those common in 

national surveys and surveillance systems, including body mass index (BMI), household 

income, physical activity and screen time. Anthropometric variables (height, weight, 

BMI) were collected and calculated following standard procedures and measurement 

tools.1 BMI was calculated and weight status was determined using various cut-points 

(e.g., World Health Organization, Center for Disease Control and Prevention) to 

maximize comparability with nationally representative data. Accelerometer derived 

variables (light-, moderate- and vigorous-intensity physical activity, and step counts) 

were obtained via 24-hour wear protocol using the waist-worn ActiGraph GT3X+ triaxial 

accelerometer (ActiGraph LLC, Pensacola, FL, USA) and validated data reduction 

strategies.5,6,7 Step counts were calculated using the manufacturer’s default filter. Data 

on behavioral characteristics (e.g., self-reported physical activity, and screen time) were 

obtained via a child-report questionnaire. For the purpose of this work, physical activity 

guidelines were defined as ≥60 minutes of daily moderate- to vigorous-intensity physical 

activity and sedentary behavior guidelines were defined as ≤2 hours of self-reported 

recreational screen time per day. These guidelines are consistent with those from many 

countries, including Australia,10 Canada,11,12 the U.K.,13 the U.S.,14 and the World Health 

Organization.15 Socio-economic status was measured via parent-reported household 

income. Further details on all measurement procedures and questionnaires used in 

ISCOLE can be found elsewhere.1 
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Nationally representative data 

To gain access to nationally representative data, and to understand the 

intricacies of the datasets, the primary investigator from each ISCOLE study site was 

asked to provide information for their respective country. As the primary investigators 

for ISCOLE were chosen based on their expertise in paediatric obesity research, it was 

believed that they would be aware of relevant studies and data sources. They were 

asked to use their best judgement when identifying information; however, some of the 

available nationally representative data may be considered to be out of date. The 

writing group for this paper agreed that it was more important to have comparable and 

well-collected data (e.g., similar age group, directly measured variables) than to 

necessarily have the most recent data. See Additional File 2 for summaries of included 

studies.  

When no data were available, cells were left blank. It is important to note that all 

variables included in this paper were identified a priori and deemed the most relevant 

to the ISCOLE project and most likely to be captured in other studies. Therefore, some 

countries have a greater number of areas with no data than other countries, and this 

may highlight a paucity of robust data in certain areas. 

Results 

ISCOLE data were available for 9-11-year-old children from Australia (n=516), 

Brazil (n=541), Canada (n=541), China (n=537), Colombia (n=905), Finland (n=525), India 

(n=584), Kenya (n=563), Portugal (n=724), South Africa (n=513), the U.K. (n=525), and 

the U.S. (n=554). Characteristics of ISCOLE countries can be found in Table 1, and 
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characteristics of participants from each ISCOLE site can be found in Table 2. The 

proportion of children overweight or obese, accelerometer-determined steps per day, 

and the proportion of children exceeding current screen time guidelines are presented 

in Figures 1-3, respectively. Figure 4 shows the proportion of children that self-reported 

meeting physical activity guidelines (i.e. 60 minutes of moderate- to vigorous-intensity 

physical activity per day) in ISCOLE, and in the HBSC. 

Europe (Finland, Portugal, United Kingdom) 

 All of the ISCOLE site countries in Europe were classified as high-income 

countries. They were also all part of the HBSC survey.4 Based on the results from HBSC, 

Finland provided self-reported data showing that 38% of 11 year old boys, and 25% of 

11 year old girls met physical activity guidelines,4 which is higher than 22% of 9-11 year 

old boys and 10% of 9-11 year old girls who self-reported that they met physical activity 

guidelines in ISCOLE. Additional data from Tammelin et al., and the Foundation for Sport 

and Health Science, found that Finnish children (aged 9-10 years) accumulated 10,506 

steps per day, compared to 10,485 steps per from ISCOLE participants. Data looking at 

screen time came from the 2010 HBSC, which reported that 61% of 11 year-old boys, 

and 58% of 11 year-old girls self-reported that they exceeded screen time 

recommendations on weekdays. This was lower than in ISCOLE, which showed that 84% 

of boys, and 74% of girls exceeded the recommendation. We were unable to find any 

comparable data reporting the proportion of Finnish children considered overweight or 

obese. Therefore, data from ISCOLE Finland are consistent with previous data for 
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directly measured physical activity (but lower for self-reported physical activity), provide 

slightly higher estimates for screen time, and inconclusive with respect to weight status.  

 Portuguese children who were part of the HBSC study self-reported higher 

physical activity levels (23% of 11 year-old boys, and 14% of 11 year old girls are 

meeting physical activity guidelines) than self-report data from ISCOLE (9% of boys and 

4% of girls).4 Reports from HBSC suggest 11 year-old children are watching more TV 

(61% of boys and 60% of girls exceed screen time guidelines) compared to ISCOLE 

participants (55.3% of boys and 43.0% of girls exceed screen time guidelines). Regarding 

weight status, Portugal was able to provide comparable data 10 year-old children from 

the Plataforma Contra a Obesidade.18 This showed similar proportions of children 

considered overweight or obese for boys (50.0% compared to 51.4% in ISCOLE) and girls 

(45.3 versus 42.3% in ISCOLE). Overall, participants from ISCOLE Portugal reported lower 

levels of physical activity, but similar levels of screen time, and a similar proportion of 

children were considered overweight or obese compared to other surveys. 

Because the ISCOLE site in the U.K. was based in England, we aimed to obtain 

comparable data from England, rather than across the U.K. wherever possible. Data 

from England came primarily from the Millennium Cohort Study (MCS), with additional 

data coming from HBSC. According to the MCS (children aged 7-8 years), boys averaged 

10,739 steps per day and girls averaged 9,699 steps per day.19 This was very similar to 

what was seen in ISCOLE with boys averaging 10,675 steps per day and girls averaging 

9,435 steps per day. Self-reported data from HBSC showed that 33% of 11 year-old boys 

and 20% of 11 year-old girls met physical activity guidelines,4 whereas in ISCOLE, only 
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19% of boys and 11% of girls self-reported that they met the guidelines. With respect to 

sedentary behavior, results from the HBSC showed that 64% of 11 year-old boys, and 

60% of 11 year-old girls exceeded screen time guidelines on week days;4 results from 

ISCOLE show that 73% of boys, and 61% of girls exceeded the guidelines. Compared to 

data from 10-11 year-old children from the National Child Measurement Programme, 

there was a lower proportion of children considered overweight or obese in ISCOLE 

(33.3% versus 21.7% respectively).20 Data from ISCOLE seem to be comparable with 

respect to physical activity levels, but with higher levels of screen time. However, it can 

be assumed that there are variations in the socio-cultural environment across the rest of 

the U.K and it is recommended that generalizations to a wider population are made only 

with appropriate caution. 

Africa (Kenya, South Africa) 

 Kenya was the only study included in ISCOLE considered to be a low-income 

country; South Africa is considered to be an upper-middle income country. Neither 

Kenya, nor South Africa identified any nationally representative, or large datasets for 

comparison. Summaries of the best available evidence for each country was presented 

in their 2014 Report Card on Physical Activity in Children and Youth and included 

primarily early results from ISCOLE, suggesting future studies are critically needed.21,22 

Comparisons for ISCOLE Kenya came from two systematic reviews examining 

obesity and physical activity transitions in Sub-Saharan Africa.23,24 One systematic 

review reported a range of 35-72% of children meeting physical activity guidelines,23 

which is higher than the 11.4% of children who self-reported meeting the guidelines in 
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ISCOLE. The only data we could identify that examined screen time was from ISCOLE and 

showed that 53.6 % of children exceeded screen time guidelines. However, this may be 

due to the fact that ISCOLE only sampled from urban and suburban areas as previous 

research on Kenyan children suggests that screen time is much lower in rural areas.25 

The systematic review examining the overweight and obesity transition included studies 

that reported proportions of overweight/obesity between 3.2-12.0%,24 which is lower 

than 16% found in ISCOLE. Even though there were little comparable data available in 

Kenya, Nairobi is an urban hub, with a population of over 3 million people, and one 

could assume that children from urban Nairobi may not be representative of their rural 

peers.  

Although South Africa was not able to provide data from any nationally 

representative surveys, information from smaller studies, summarized in their Report 

Card suggest that 50-59% of children are meeting physical activity guidelines, and <50% 

of children are meeting screen time guidelines.22 These values are more promising than 

what was shown in ISCOLE, which found that 26.4% of children self-reported meeting 

physical activity guidelines, and 36.7% reported meeting screen time guidelines. Data 

from the 2010 Survey of Time of Use suggest that on average, children aged 10-17 years 

watched 3 hours of TV per day.26 In ISCOLE, children were asked to self-report habitual 

TV, video game, and computer use with the highest possible value being “≥5 hours per 

day”. Therefore for analysis, self-reported screen time was presented as a score, rather 

than total hours of screen time since after 5 hours per day, we could not ascertain the 

participant’s actual amount of screen time. Although ISCOLE can only provide an 
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approximate value for daily screen time, it did appear to be similar to what was 

reported in the Time of Use survey with children averaging approximately 3.1 hours of 

screen time and 2.0 hours of TV time per day. We were not able to find any comparable 

data with respect to weight status. Therefore, children from ISCOLE South Africa seem 

to be slightly less active than reported in other studies, but seem to engage in similar 

amounts of screen time.  

The Americas (Brazil, Canada, Colombia, and the United States) 

Canada and the U.S. are both considered high-income countries; whereas 

Colombia and Brazil are both considered upper-middle-income countries. The Americas, 

especially Canada and the U.S., were able to provide a significant amount of comparable 

and nationally representative data. Canada and the U.S. are both included in the HBSC, 

and both have directly measured, nationally representative surveys (CHMS: Canadian 

Health Measures Survey,27 NHANES: National Health and Nutrition Examination Survey 

(U.S.)).  

Brazil provided comparable data for weight status for 10 year-old children from 

the Brazilian Institute of Geography and Statistics (BIGS),28 but was unable to provide 

comparable data for physical activity, or screen time. BIGS reported that 33.1% of their 

children were considered overweight or obese, compared to a much higher 45.7% of 

children considered overweight or obese in ISCOLE.  

Comparable data for Canada came primarily from the CHMS (with custom 

analysis for their 2014 Report Card29) and showed that only 5% of school-aged children 

met current Canadian physical activity guidelines.11,30 However, directly measured 
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physical activity from 6-10 year old children in the CHMS show that ISCOLE children are 

less active than children from across Canada. In the CHMS boys averaged 13,217 steps 

per day and girls averaged 11,745 steps per day compared to 9,891 steps per day for 

boys and 8,591 steps per day for girls.31 Self-reported data from HBSC showed 31% of 

boys, and 21% of girls met the physical activity guidelines,4 which was similar to data 

from ISCOLE, with 26% of boys, and 18% of girls self-reporting they met guidelines. With 

respect to screen time, data came from the 2007-2009 CHMS and showed that 31% of 

children aged 5-11 years exceed screen time guidelines.31 This was slightly lower than 

what was seen in ISCOLE Canada, with 54.4% of boys, and 40.2% of girls exceeding 

guidelines. There was a slightly lower proportion of children considered overweight or 

obese in ISCOLE (21.9% of boys and 21.7% of girls), compared to reports from the CHMS 

(31% for boys and 26% for girls). In Canada, ISCOLE participants engaged in similar 

amounts of self-reported physical activity (but less directly measured physical activity), 

greater amounts of screen time, and had a lower proportion of children considered 

overweight or obese.  

Comparable data for levels of physical activity in Colombia came from the ENSIN 

study (Encuesta Nacional de la Situación Nutricional (National Survey of Nutritional 

Status)),32 and showed that 26% of children self-reported that they met physical activity 

guidelines, which is higher than what was seen in ISCOLE (12% meeting guidelines). The 

ENSIN study also provided comparable data with respect to screen time and weight 

status. For screen time, ENSIN showed that fewer children (59.4% of boys, and 56.3% of 

girls) exceeded screen time guidelines than children from ISCOLE (71.6% of boys, and 
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60.4% of girls).33 ENSIN also reported a lower proportion of children being overweight or 

obese than ISCOLE (17.5% in ENSIN compared to 23.3% in ISCOLE).33 Overall, it appears 

that children in ISCOLE self-report engaging in less physical activity and more screen 

time, and are more likely to be overweight or obese than other Colombian children. 

Comparable data for U.S. physical activity levels came primarily from the 2003-

2004 NHANES (National Health and Nutrition Examination Survey). Accelerometer data 

showed that 42.0% of children aged 6-11 years were meeting physical activity 

guidelines,34,35 and on average, 10 year old boys were accumulating 10,163 steps per 

day and girls were accumulating 8.906 steps per day.36 This was similar to what was 

seen in ISCOLE, with boys accumulating only 9,261 steps per day, and girls accumulating 

only 8,078 steps per day. With respect to screen time, data were presented from the 

2009-2010 NHANES and showed that 47.8% of children aged 9-11 years self-reported 

that they exceeded screen time guidelines.37 The proportion of children exceeding 

guidelines was higher in ISCOLE, and in 11 year-old boys and girls from HBSC4 (Figure 3). 

In ISCOLE, 68.3% of boys exceeded screen time guidelines, and 56.2% of girls exceeded 

screen time guidelines. Compared to NHANES, we saw a similar proportion of children 

considered overweight or obese in ISCOLE (NHANES: boys = 33.2%, girls = 35.2%; ISCOLE 

boys = 32.4%, girls = 35.6%). In the U.S. sample of ISCOLE, children were less active, and 

were less likely to meet screen time guidelines, but had similar weight status to children 

from across the country. 

South Asia (India) 
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 India is the only study site in South Asia, and is considered a lower-middle-

income country. We were unable to identify any comparable  datasets. Data collected in 

ISCOLE show that 28.4% of Indian children are meeting physical activity guidelines, 

30.8% are meeting screen time guidelines, and 33.7% are considered overweight or 

obese.  

Western Pacific (Australia, China) 

 Australia is considered a high-income country and China is considered an upper-

middle-income country. Australia provided comparable data via the ANCNPAS 

(Australian National Children's Nutrition and Physical Activity Survey),38 the National 

Health Surveys,39 and a summary of current evidence via their 2014 Report Card on 

Physical Activity in Children and Youth.40 China was able to provide comparable data via 

the China Health and Nutrition Survey (CHNS).  

Comparable data from Australia came primarily from the Australian Bureau of 

Statistics. These data showed that 20% of children aged 5-17 years self-reported that 

they met physical activity guidelines.39 This is consistent with self-reported data from 

ISCOLE. Australia was also able to provide information from the ANCNPAS showing 

higher values for number of steps per day (12,230 in ANCNPAS compared to 10,262 in 

ISCOLE).38 With respect to screen time, data from the Australian Bureau of Statistics 

showed that 70% of children aged 5-17 years old exceeded screen time guidelines. This 

was higher than what was seen in ISCOLE, with only 56% of children exceeding the 

guidelines. Data from ANCNPAS reported 28.4% of 9-11 year old children to be 

overweight or obese, which is similar to 26.7% of children considered overweight or 
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obese in ISCOLE. Overall, participants from ISCOLE accumulated similar amounts of 

physical activity, had lower screen time, and had more favourable weight status than 

their Australian peers. 

China provided comparable data on physical activity, screen time, and weight 

status via the CHNS (China Health and Nutrition Survey).41,42 For 6-11 year-olds, the 

CHNS reported children averaged 60 minutes (boys), and 48 minutes (girls) of physical 

activity per day, compared to lower levels in ISCOLE (49.5 minutes for boys and 40.5 

minutes for girls). Results for screen time showed that 24.9% of boys and girls exceeded 

screen time guidelines, compared to 35.1% in ISCOLE. However, it is interesting to note 

that these data came from 2004, and in a longitudinal analysis, the proportion of 

children who reported >2 hours of screen time per day rose from 5.8% in 1997, to 24.9% 

in 2004, suggesting data from present day may be more comparable. With respect to 

weight status, the proportion of children considered overweight or obese was much 

higher in ISCOLE than in the CHNS (ISCOLE boys = 50.1%, ISCOLE girls = 30.6%, versus 

CHNS boys = 16.6% and HBSC boys = 10.9%). ISCOLE China participants accumulated 

slightly less physical activity and slightly more screen time than other estimates; 

however, the difference (in screen time at least), may be because ISCOLE data collection 

has occurred more recently, and may not reflect a true difference. The proportion of 

ISCOLE participants considered overweight or obese was much higher than previous 

estimates.  

Discussion 
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This study aimed to compare data collected in ISCOLE to data collected via 

nationally representative studies in all ISCOLE study sites. Of the 12 ISCOLE countries, 

eight provided data on weight status (BMI), five provided data on objectively measured 

physical activity (steps per day), and nine provided data on self-reported screen time. 

The five ISCOLE countries that were part of the HBSC survey provided additional data for 

self-reported physical activity (meeting physical activity guidelines). When data were 

available, mean data from ISCOLE study appears to be relatively similar to country-level 

data; however, this varied with data availability and quality, and there were no 

systematic differences across countries or variables. Few countries used the same cut-

points or measurement tools in their national studies as ISCOLE when analysing 

participant characteristics.  

Initially, the aim of this study was to compare data from ISCOLE sites to 

nationally representative data in the site country, to get a crude evaluation of the 

potential bias in the ISCOLE sample. However, it quickly became apparent that many 

countries do not collect nationally representative data on physical activity, screen time, 

or weight status. When data were available, it was collected using different tools or with 

different methods. For example, we aimed to compare accelerometer-measured daily 

moderate- to vigorous-intensity physical activity (minutes per day); however, after 

scoping the literature for comparable country level data, this was not possible. Due to 

the range of different models of accelerometers, and the different cut-points used to 

distinguish activity intensity, only two countries (the U.S., and Canada) were able to 

provide comparable data. No countries that could provide nationally representative 
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accelerometer measured physical activity data used common cut-points. Therefore, we 

opted to examine physical activity via steps per day, which can be measured using an 

accelerometer, or a pedometer. The added benefit of examining steps per day is that 

the cost of pedometers is quite low, making it more feasible to use them in large, 

population based studies, or in times where resources are limited.  

This work has several strengths and limitations. Many countries could not 

provide any comparable data and therefor it was difficult for us to determine if ISCOLE 

participant characteristics were similar to other children. This meant that many 

comparisons could not be made, and in most cases we did not have access to the raw 

data from nationally representative surveys and could not complete any formal 

statistical analysis. This leaves our comparisons open to interpretation, and our 

judgement on similarities (or differences) in the data open to criticism. However, we 

believe this also highlights an important limitation of international research programs – 

the inconsistencies in measurement tools and cut points across different research 

centres, and countries, and the unavailability of raw data. Most of the studies included 

in this work used different methodologies, and different cut points to assess similar 

health variables. For example, BMI is a common measure of adiposity in children, yet 

there are four different cut points used, all of which provide different prevalence of 

overweight/obesity.43 ISCOLE recruitment was also limited to urban and suburban 

schools, and therefore we cannot account for populations living in rural areas. Previous 

work has consistently shown differences in obesity and lifestyle habits between these 

two groups, and that these differences may be most important in developing areas.44–46 
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The results of this work provide a valuable summary when developing future research 

programs and can help inform public health interventions. Another strength of this work 

is related to the rigour of the ISCOLE data collection and management procedures.1 The 

ISCOLE framework and coordinating center ensured all study sites, and all ISCOLE 

researchers, completed mandatory training for all aspects of the study.. 

Conclusions 

This manuscript was designed as a methodological and ecological comparison 

study that may be used to provide evidence of the potential bias from each ISCOLE 

country sample, facilitating future intra- and inter-country comparisons. Due to the 

limited availability of country-level data, it is suggested that ISCOLE data be used with 

appropriate caution when planning countrywide population health interventions. 

However, for many countries ISCOLE currently provides the most up-to-date, most 

robust, and sometimes the only data on obesity and physical activity in children. This 

work has identified the paucity of comparable country data around the world and 

highlighted the importance of large, multi-national studies like ISCOLE. Moving forward, 

we recommend that researchers harmonize procedures for data collection and analysis. 

It is important to use the momentum, and collaborations that were built in ISCOLE to 

inform public health interventions, as well as other cross-sectional, surveillance surveys. 
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Table 1: ISCOLE country characteristics 

Country National 
populationa 

ISCOLE site 
location 

Population of ISCOLE 
site locationb 

World bank classificationc Large and/or 
National 
study/studies 

Europe 

Finland 5,442,322 Helsinki, 
Espoo, Vantaa 

1,060,701 High-income HBSC 

United 
Kingdom 

63,705,000 Bath, North 
East Somerset 

177,700 High-income ENERGY, HBSCd, 
HELENA, IDEFICS, 
MCS 

Portugal 10,562,178 Porto 237,584 High-income EYHSɈ, HBSC,  

Africa 

Kenya 44,354,000 Nairobi 3,138,369 Low-income None available 

South Africa 52,981,991 Cape Town 3,497,097 Upper-middle-income Time of Use 
survey 

The Americas 

Canada 35,158,304 Ottawa 883,391 High-income CHMS, HBSC 

United States 316,783,000 Baton Rouge 802,484 High-income HBSC, NHANES, 
YRBS 

Colombia 47,262,816 Bogotá 7,674,366 Upper-middle-income ENSIN 

Brazil 201,032,714 Sao Caetano 
do Sul 

149,263 Upper-middle-income BIGS  

South Asia 

India 1,242,456,566 Bangalore 9,588,910 Lower-middle-income None available 

Western Pacific 

China 1,362,620,526 Tianjin 10,290,987 Upper-middle-income CNNS 

Australia 23,235,207 Adelaide 1,212,982 High-income AHS, ANCNPAS 
aPopulation estimate accessed October 2014. bRepresents the population size of the city or general area where children were sampled. cWorld Bank classification 
represents. dSince the U.K. ISCOLE site was in England, the corresponding HBSC data was taken from HBSC England site.  
 
AHS: Australian Health Survey; ANCNPAS: Australian National Children's Nutrition and Physical Activity Survey; BIGS: Brazilian Institute of Geography and Statistics; 
CNNS: China National Nutrition Survey; CHMS: Canadian Health Measures Survey; ENERGY: EuropeaN Energy balance Research to prevent excessive weight Gain 
among Youth; ENSIN: Encuesta Nacional de la Situación Nutricional (National Survey of Nutritional Status); IDEFICS: identification and prevention of dietary- and 
lifestyle induced health effects in children and infants; HBSC: Health Behavior in School-aged Children; HELENA: Healthy Lifestyle in Europe by Nutrition in Adolescents; 
MCS: Millennium Cohort Study; NHANES: National Health and Nutrition Examination Survey.  
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Table 2: ISCOLE participant characteristics 
Study site Participants  

(n, % boys) 
Age (years)  
(mean, SD) 

Weight status (%)a Combined annual household 
incomeb 

Approximate equivalent in 
U.S. dollarsc 

Europe  

Finland 536 (47.2%) 10.0 (0.4) Normal weight: 74.6 
Overweight/obese: 23.7 

Less than 20,000€: 5.5% 
80,000€ and above: 40.9% 

$26,000: 5.5% 
$104,000 and above: 40.9% 

United Kingdom 525 (45.1%) 
 

10.4 (0.5) Normal weight: 68.5 
Overweight/obese: 30.3 
 

Less than £10,000: 9.4% 
£10,000 - £19,999: 17.3% 
£90,000 and above: 8.1% 

Less than 16,500: 9.4% 
$16,500-$32,998: 17.3% 
$148,500 and above: 8.1% 

Portugal 777 (46.1%) 
 

10.0 (0.3) Normal weight: 52.5 
Overweight/obese: 47.2 
 

Under €6,000: 20.5% 
€ 6,000 - € 11,999: 30.9% 
€42,000 and above: 5.5% 

Under $7,800: 20.5% 
$7,800-15,599: 30.9% 
$54,6000 and above: 5.5% 

Africa  

Kenya 563 (46.5%) 
 

9.8 (0.7) Normal weight: 75.1 
Overweight/obese: 21.1 

Less than Ksh. 121,980: 23.2% 
Ksh 6,000,000 and above: 3.5% 

Less than $1,342: 23.2% 
$66,000 and above: 3.5% 

South Africa 550 (40.1%) 
 

9.8 (0.7) Normal weight: 71.2 
Overweight/obese: 26.4 

Less than R11,500: 47.8% 
More than R500,000: 7.6% 

Less than $1,081: 47.8% 
$47,000 and above: 7.6% 

The Americas  

Canada 565 (42.2%) 10.0 (0.4) Normal weight: 68.7 
Overweight/obese: 30.8 

Less than $14,999: 2.9% 
$140,000 and above: 38.4% 

Less than $13,799: 2.9% 
$128,800 and above: 38.4% 

United States 651 (43.2%) 9.5 (0.6) Normal weight: 58.4 
Overweight/obese: 41.3 

Less than $10,000: 20.4% 
$ 140,000 and above: 21.6% 

N/A 

Colombia 919 (49.4%) 
 

10.0 (0.6) Normal weight: 75.7 
Overweight/obese: 22.9 

$0-$1.200.000: 0.7% 
$ 4.800.000 - $ 8.400.000: 29.4% 
$36.000.000 and above: 8.8% 

$0-$624: 0.7% 
$2,496-$4,368: 29.4% 
$18,720 and above: 8.8% 

Brazil 584 (49.1%) 10.1 (0.5) Normal weight: 52.8 
Overweight/obese: 45.2 
 

Under R 6.54,00: 3.1% 
R$6.540,00 - R$19.620,00: 35.1% 
R: 85.020,01 and above: 4.4% 

Less than $2,943: 3.1% 
$2,943-$8,829: 35.1% 
$38,259 and above: 4.4% 

South Asia  

India 620 (47.1%) 10.0 (0.6) Normal weight: 61.5 
Overweight/obese: 33.7 

Less than Rs 60000: 2.8% 
Rs720000 – and above: 37.6% 

Less than $1,020: 2.8% 
$12,240 and above: 37.6% 

Western Pacific  

China 552 (53.1%) 
 

9.4 (0.5) Normal weight: 56.3 
Overweight/obese: 41.2 

Less than ¥20,000: 18.1% 
¥20,000 - ¥39,999: 18.1% 
¥ 150,000 and above: 10.4% 

Less than $3,200: 18.1% 
$3,200-$6,400: 18.1% 
$24,000 and above: 10.4% 

Australia 528 (46.0%) 
 

10.3 (0.5) Normal weight: 61.4 
Overweight/obese: 37.9 
 

Less than $10,000: 2.1% 
$70,000 to $89,999: 17.0% 
$140,000 and above: 21.7% 

Less than $9,300: 2.1% 
$65,100-$83,699: 17.0% 
$130,200 and above: 21.7% 

aWeight status defined by World Health Organization cut-points.43 bPresented as percent of participants in the lowest, highest, and median income categories. If the 
median income category was also the lowest, or the highest, only two income categories are presented see Figure 5 for income distribution and Additional file 1 for 
additional information. cCurrency conversion reflects rates from 2014.  



 

 187 

Figure legends 

Figure 1 

Title: Proportion of children considered overweight or obese from ISCOLE study sites 

and their representative countries. 

Legend: Dark grey bars indicate data from ISCOLE participants; white bars represent 

country-level data. If no white bar, then country level data are not available. Where 

available, data are presented for both boys and girls. Data were analyzed as per BMI 

cut-points available in each country as follows. World Health Organization: Portugal, 

Colombia, Brazil; International Obesity Task Force: Canada, Australia; Center for Disease 

Control and Prevention: United States; other: United Kingdom (British 1990 growth 

reference20), China (China BMI criteria, overweight ≥19.4, obese ≥22.2).47 Country level 

datasets included: U.K.: National Child Measurement Programme;20 Portugal: 

Plataforma Contra a Obesidade;48 Canada: Canadian Health Measures Survey;49 U.S., 

National Health and Nutrition Examination Survey; Colombia: Encuesta Nacional de la 

Situación Nutricional; Brazil: Brazilian Institute of Geography and Statistics;28 China: 

China Health and Nutrition Survey;47 Australia: Australian National Children's Nutrition 

and Physical Activity Survey.38 BMI: Body Mass Index. See Additional file 3 for additional 

study details for country level data. 

 

Figure 2 

Title: Daily physical activity (steps per day) from ISCOLE study sites and their 

representative countries 
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Legend: Dark grey bars indicate data from ISCOLE participants; white bars represent 

country-level data. If no white bar, then country level data were not available. Where 

available, data are presented for both boys and girls. Horizontal black line represents 

mean steps per day for all ISCOLE participants; horizontal dashed line represents target 

of 12,000 steps per day recommended to meet current physical activity guidelines.50 

Data were included if it was collected via pedometer or accelerometer, and presented 

as sample mean. Country level datasets included: Finland: Physical Activity of School 

Aged Children;51 United Kingdom: Millennium Cohort Study;19 Canada: Canadian Health 

Measures Survey;31 U.S.: National Health and Nutrition Examination Survey;52 

Australia:Australian National Children's Nutrition and Physical Activity Survey.38 The 

Millennium Cohort Study also provided data for England: 10,147 steps per day 

compared to 9982 steps per day in ISCOLE.See Additional file 4 for additional study 

details for country level data. 

 

Figure 3 

Title: Proportion of children exceeding screen time guidelines (>2 hours per day) from 

ISCOLE sites and their representative countries. 

Legend: Dark grey bars indicate data from ISCOLE participants; white bars represent 

country-level data. If no white bar, then country level data were not available. Where 

available, data are presented for both boys and girls. Horizontal black like represents 

mean proportion of all ISCOLE participants who exceed screen time guidelines. Country 

level datasets included: Canada, Finland, the U.K., and the U.S.: Healthy Behaviors in 
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School-aged Children;3 South Africa: Time of Use survey;26 Colombia: Instituto 

Colombiano de Bienestar Familiar (ICBF); China: China Health and Nutrition 

Survey;53Australia: Australian Bureau of Statistics.39See Additional file 5 for additional 

study details for country level data. 

 

Figure 4 

Title: Proportion of girls (Panel A) and boys (Panel B) who self-reported that they engage 

in at least 60 minutes of moderate- to vigorous-intensity physical activity every day of 

the week. 

Legend: Dark grey bars indicate data from ISCOLE participants; white bars represent 

data that were adapted from the HBSC survey.4 MVPA: moderate- to vigorous-intensity 

physical activity. 
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Supplementary files 
Supplementary file 1: Classification of household income by country 
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U.S.  
1 = "Less than $10,000" 
2 = "$ 10,000 - $ 29,999" 
3 = "$ 30,000 - $ 49,999"  
4 = "$ 50,000 - $ 69,999"  
5 = "$ 70,000 - $ 89,999"  
6 = "$ 90,000 - $ 109,999"  
7 = "$ 110,000 - $ 139,999"  
8 = "$ 140,000 and above"  
 
U.K. 
1="Less than £10,000" 
2="£10,000 - £19,999" 
3="£20,000 - £29,999" 
4="£30,000 - £39,999" 
5="£40,000 - £49,999" 
6="£50,000 - £59,999" 
7="£60,000 - £69,999" 
8="£70,000 - £79,999" 
9="£80,000 - £89,999" 
10="£90,000 and above" 
 
AUSTRALIA (3) 
1 = "Less than $10,000" 
2 = "$ 10,000 - $ 29,999" 
3 = "$ 30,000 - $ 49,999"  
4 = "$ 50,000 - $ 69,999"  
5 = "$ 70,000 - $ 89,999"  
6 = "$ 90,000 - $ 109,999"  
7 = "$ 110,000 - $ 139,999"  
8 = "$ 140,000 and above" 
 
PORTUGAL 
1 = "Menos de €6,000" 
2 = "€ 6,000 - € 11,999" 
3 = "€ 12,000 - € 17,999"  
4 = "€ 18,000 - € 23,999"  
5 = "€ 24,000 - € 29,999"  
6 = "€ 30,000 - € 35,999"  
7 = "€ 36,000 - € 41,999"  
8 = "€ 42,000 ou superior" 
 
SOUTH AFRICA 
1 = "Less than R11,500" 
2 = "Between 11,500-R19,000" 
3 = "Between 19,000-R30,000"  
4 = "Between R30,000-R65,000"  
5 = "Between R65,000-R100,000"  
6 = "Between R100,000-R300,000"  
7 = "Between R300,000-R500,000"  
8 = "More than R500,000" 
 
 
 
 
 
 
 

KENYA 
1 = "Less than Ksh.121,980" 
2 = "Ksh. 121,992 - Ksh. 236,892" 
3 = "Ksh. 236,904 - Ksh. 351,804"  
4 = "Ksh. 351,816 - Ksh. 466,716"  
5 = "Ksh. 466,728 - Ksh. 599,988"  
6 = "Ksh. 600,000 - Ksh. 1,199,988"  
7 = "Ksh. 1,200,000 - Ksh. 
1,799,988"  
8 = "Ksh. 1,800,000 - Ksh. 
3,599,988"  
9 = "Ksh. 3,600,000 - Ksh. 
5,999,988"  
10 = "Ksh. 6,000,000 and above" 
 
COLOMBIA 
1 = "$ 0 - $ 1.200.000" 
2 = "$ 1.200.000 - $ 4.800.000" 
3 = "$ 4.800.000 - $ 8.400.000"  
4 = "$ 8.400.000 - $ 12.000.000"  
5 = "$ 12.000.000 - $ 18.000.000"  
6 = "$ 18.000.000 - $ 24.000.000"  
7 = "$ 24.000.000 - $ 36.000.000"  
8 = "$ 36.000.000 en adelante"  
 
BRAZIL 
1 = "Menos que R$6.540,00" 
2 = "Entre R$6.540,00 - 
R$19.620,00" 
3 = "Entre R$19.620,01 - 
R$32.700,00"  
4 = "Entre R$32.700,01 - 
R$45.780,00"  
5 = "Entre R$45.780,01 - 
R$58.860,00"  
6 = "Entre R$58.860,01 - 
R$71.940,00"  
7 = "Entre R$71.940,01 - 
$85.020,00"  
8 = "R$85.020,01 ou Mais" 
 
CANADA  
1 = "Less than $14,999" 
2 = "$ 15,000 - $ 29,999" 
3 = "$ 30,000 - $ 39,999"  
4 = "$ 40,000 - $ 59,999"  
5 = "$ 60,000 - $ 89,999"  
6 = "$ 90,000 - $ 109,999"  
7 = "$ 110,000 - $ 139,999"  
8 = "$ 140,000 and above"  
 
 
 
 
 
 
 
 

CHINA  
1 = "Less than ¥20,000" 
2 = "¥20,000 - ¥39,999" 
3 = "¥40,000 - ¥59,999"  
4 = "¥60,000 - ¥79,999"  
5 = "¥80,000 - ¥99,999"  
6 = "¥100,000 - ¥119,999"  
7 = "¥120,000 - ¥149,999"  
8 = "¥150,000 - and above 
 
INDIA  
1 = "Less than Rs60000" 
2 = "Rs60000 - Rs119988" 
3 = "Rs120000 - Rs239988"  
4 = "Rs240000 - Rs359988"  
5 = "Rs360000 - Rs479988"  
6 = "Rs480000 - Rs599988"  
7 = "Rs600000 - Rs719988"  
8 = "Rs720000 - and above"  
 
FINLAND  
1 = "Less than 20,000€" 
2 = "20,000 - 24,999€" 
3 = "25,000 - 29,999€"  
4 = "30,000 - 39,999€"  
5 = "40,000 - 49,999€"  
6 = "50,000 - 59,999€"  
7 = "60,000 - 69,999€"  
8 = "70,000 - 79,999€"  
9= "80,000€ and above" 
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Supplementary file 2: Country level surveys 
 

Study Year 
study 
began 

Purpose Number 
of 
countries 

Region Number of 
participants 
(approximate) 

Age or 
age 
groups 
(years) 

Frequency 
of data 
collection 

Variables measured Designed to be 
nationally 
representative 
(yes/no) 

ANCNPAS1 2007 To assess food and 
nutrient intake, physical 
activity participation and 
to measure weight, 
height, and waist 
circumference in 
Australian children. 

1 Australia 4,487 2-16 Cross-
sectional, 
once 

Dietary intake (24-
hour food recall), 
physical activity (48-
hour time use survey, 
pedometer), 
anthropometric 
(height, weight, waist 
circumference) 

Yes (except for 
those living in 
remote areas, 
or of 
Indigenous 
origin) 

CHMS2,3 2007 To create national 
baseline data on the 
extent of such major 
health concerns as 
obesity, hypertension, 
cardiovascular disease, 
exposure to infectious 
diseases, and exposure to 
environmental 
contaminants. The CHMS 
will enable us to 
determine relationships 
between disease risk 
factors and health status, 
and to explore emerging 
public health issues.  

1 Canada 5,700 per 
cycle 
(planned) 

3-79 Biennial Physical (height, 
weight, waist 
circumference, 
skinfolds, BP, blood 
measures, 
spirometery, urine 
measures); fitness 
(mCAFT), activity 
(accelerometry); 
household 
questionnaire 
(education status, 
general health, 
demographics, SB, PA, 
dietary intake) 

Yes 
 

CHNS 1989 To examine the effects of 
the health, nutrition, and 
family planning policies 
and programs 
implemented by national 
and local governments 
and to see how the social 
and economic 
transformation of 
Chinese society is 
affecting the health and 

1 China 19,000 to date All ages Not 
specified 

Household survey; 
adult survey (physical 
activity, SES, 
education, 
occupation); child 
survey (physical 
activity, school/work 
status, maturation); 
nutrition survey (3-d 
food recall, snack 
frequency); 
community survey 

Yes  
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nutritional status of its 
population 

(demographics, family 
members); physical 
(height, weight, blood 
samples, ethnicity) 

ENSIN 2008 To estimate the 
prevalence of major 
nutritional problems 
affecting the Colombian 
population and some of 
its determinants, which 
provide important 
information to support 
policy making 

1 Colombia 50,670 
households 
contacted 

0-64  2008-2010 Food safety, 
biochemical 
indicators, 
breastfeeding, PA 
(self-report), TV/video 
(self-report), 
anthropometry 

Yes 

HBSC 1982 To gain new insight into, 
and increase our 
understanding of young 
people’s health and well-
being, health behaviours, 
and their social context 

43 Europe, 
Canada, 
U.S. 

4,500 per 
country 
(planned) 

11, 13, 
15 

Cross-
sectional, 
every 4 
years 

Background 
(demographics and 
maturation); social 
(family structure, SES); 
individual and social 
resources (body 
image, family support, 
peers, school 
environment); health 
behaviours (PA, diet, 
smoking, alcohol, 
cannabis, sexual 
behaviour, violence, 
bullying, injuries); 
health outcomes 
(symptoms, life 
satisfaction, self-
reported health, BMI) 

No 

MSC 
 

 Multi-disciplinary 
research project 
following the lives of 
children born in the U.K. 
between 2000-2002. It is 
the most recent of 
Britain’s national birth 
cohort studies. 

 U.K. 
(England, 
Scotland, 
Wales, 
Northern 
Ireland) 

18,818 
singleton 
children  

7-8  Cohort 
with data 
collection 
at ages 
9months, 
and 3, 5, 7, 
11, 14 
years 

Social demographic 
(home-based 
interview), child’s age, 
gender, ethnicity, 
maternal occupation, 
family structure, 
country of residence; 
accelerometer 
measured physical 
activity and sedentary 
behaviour. 

Yes 
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NHANES 1999 To assess the health and 
nutritional status of 
adults and children in the 
United States 

1 U.S. 5,000 per 
cycle 
(planned) 

>2  Biennial Family questionnaire 
(demographic 
background, 
occupation, housing, 
smoking, consumer 
behaviour, income, 
food security); sample 
person questionnaire 
(demographics, 
physical 
measurements, 
occupation, health 
care usage, 
PA/fitness); diet (24-hr 
food recall); PA 
(accelerometer) 

Yes 
 

 
ANCNPAS: Australian National Children's Nutrition and Physical Activity Survey; CHMS: Canadian Health Measures Survey; CHNS: China Health and Nutrition Survey; 
ENERGY: EuropeaN Energy balance Research to prevent excessive weight Gain among Youth; ENSIN: Encuesta Nacional de la Situación Nutricional (National Survey of 
Nutritional Status); EYHS: European Youth Heart Study; IDEFICS: identification and prevention of dietary- and lifestyle induced health effects in children and infants; 
HBSC: Health Behaviour in School-aged Children; HELENA: Healthy Lifestyle in Europe by Nutrition in Adolescents; MSC: Millennium Cohort Study; NHANES: National 
Health and Nutrition Examination Survey.  
*A study was deemed nationally representative if it was stated as such on the study website, or published protocol and/or explicit details on weighting of participants 
demographics was provided 
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Supplementary file 3: Comparison of percent overweight or obese between ISCOLE sites and other national datasets using 
Body Mass Index 
 

Study site ISCOLE sample National sample 

 Overweight/obese 
(%)a 

n, %males Dataset  Age 
(years) 

N (% males) Overweight/obese 
(%, 95% CI) 

Cut-point used 

Europe 

Finland 87 (16.2) 536 (47.2) - - - - - 

U.K. 
(England) 

Overweight: 13.7 
Obese: 8.0 

524 (45.2) 
 

National Child 
Measurement Program 
(2012-2013)¥ 

10-11  
 
 

489,146 (51.3) 
 

Overweight: 14.4 
Obese: 18.9 

British 1990 growth 
referenceb 

Portugal4 Boys:c 

Overweight: 16.5  
Obese: 34.9  
Girls:c 

Overweight: 17.7  
Obese: 24.6 

777 (46.1) - 10 1,001 (48.6)4 Boys: 
Overweight: 29  
Obese: 21  
Girls: 
Overweight: 28.0 
Obese: 17.3 

WHO 

Africa 

Kenya 16.0 563 (46.5) - - - - - 

South 
Africa 

21.2 550 (40.1) - - - - - 

The Americas 

Canada5 Boys:d 

Overweight: 17.7 
Obese: 4.2 
Girls:d 

Overweight: 16.8 
Obese: 4.9 

565 (42.2) 
 

CHMS (2007-2009) 6-11  
 

878 (51.1) Boys: 
Overweight: 17  
Obese: 14  
Girls: 
Overweight: 16  
Obese: 10  

IOTF 

United 
States6 

Boys: 32.4 
Girls: 35.6 
 

651 (43.2) NHANES (2011-2012) 6-11 1,268 (51.3) Boys: 33.2  
Girls: 35.2  

CDC 

Colombia 23.25c 919 (49.4) ENSIN (2010) 5-17  49,877 (51) 17.5 WHO  

Brazil 45.74c 584 (49.1) BIGS 10  127,853 (52.3) 33.1 WHO 

South Asia 

India Overweight: 17.1 
Obese: 8.6 

620 (47.1) - - - - - 

Western Pacific 

China7 Overweight: 14.5 
Obese: 20.5 

552 (53.1) CHNS 10 8,977 (50.0) Overweight: 12.84 
Obese: 8.52 

See belowe 

Australia 26.7d 528 (46.0) ANCNPAS (2007) 9-11  538 28.4 IOTF 
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1using the CDC cut-points unless otherwise noted. bPrevalence rates were calculated by deriving every child’s BMI and referencing the age and sex specific centiles 
calculated using the British 1990 growth reference8. cUsing WHO criteria. dUsing IOTF criteria. e China BMI criteria: Overweight: 19.4, Obese: 22.2. 
 
ANCNPAS: Australian National Children's Nutrition and Physical Activity Survey; BIGS: Brazilian Institute of Geography and Statistics; CDC: Center for Disease Control 
and Prevention; CHMS: Canadian Health Measures Survey; CHNS: China Health and Nutrition Survey; ENSIN: Encuesta Nacional de la Situación Nutricional (National 
Survey of Nutritional Status); IOTF: International Obesity Task Force; NHANES: National Health and Nutrition Examination Survey; WHO: World Health Organization; 
U.K.: United Kingdom. 
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Supplementary file 4: Minutes of moderate- to vigorous intensity physical activity, step counts, and proportion of children 
meeting physical activity guidelines in ISCOLE and national studies 

Study site ISCOLE Sample National Sample 

 Physical activitya, b n (% boys) Dataset Age n (% males) Physical activityc Accelerometer 
cut-point used 

Europe 

Finland 70.7 min/day 
10,489 steps/day 
 
Meeting guidelines 

Boys: 22% 
Girls: 10% 

505 (46.5%)  - - Meeting guidelines 
Boys: 38% 
Girls: 25% 

- 

United 
Kingdom9 

63.4 min/day 
9,982 steps/day  
 
Meeting guidelines 
Boys: 19% 
Girls: 11% 

479 (44.1%) 
 

MCS 

(2008-2009) 
7-8 years  6,497 (49%) 60.1 min/day 

 
10229 steps/dayd 

 
Meeting guidelines 
Boys: 28% 
Girls: 15% 

MVPA: 
> 2241 
counts/min 

Portugal10 56.4 min/day 
9,633 steps/day 
 
Meeting guidelines 
Boys: 9% 
Girls: 4% 

686 (44.5%) - 10-11 years 2,714 (45.0%) Boys: 65.9 min/day  
Girls: 45.3 min/day  
 
Meeting guidelines 
Boys: 51.6% 
Girls: 22.5% 

Trost 

Africa 

Kenya 71.6 min/day 
11,034 steps/day 
 
Meeting guidelines 
Boys: 12.6% 
Girls: 10.3% 

502 (46.5%) - - - - - 

South Africa 65.1 min/day 
11,281 steps/day 
 
Meeting guidelines 
Boys: 28.9% 
Girls: 24.7% 

468 (39.3%) - - - - - 

The Americas 

Canada11 58.7 min/daye 

9,132 steps/day 
524 (41.6%) CHMS  

(2007-2009)**  
6-11 years 878 (51.2%) 63.3 min/day 

 
Actical12 
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Meeting guidelines 
Boys: 26% 
Girls: 18% 

Boys: 13217 steps/day 
Girls: 11745 steps/day 
 
Meeting guidelines 
Boys: 31% 
Girls: 21% 

United States13 49.8 min/day 
8,568 steps/day 
 
Meeting guidelines 
Boys: 36% 
Girls: 27% 

491 (41.3%) NHANES  
(2003-2004) 

6-11 years 597 (51.8%) Boys: 95.4 min/day 
Girls: 75.2 min/day 
 
Boys: 13000 steps/day 
Girls: 12000 steps/day 
 
Meeting guidelines 
Boys: 30% 
Girls: 24% 

Freedson 

Colombia 68.1 min/day 
10,724 steps/day 
 
Meeting guidelines 
Boys: 16.7% 
Girls: 7.3% 

857 (49.2%) - - - - - 

Brazil 59.5 min/day 
8,721 steps/day 
 
Meeting guidelines: 
Boys: 18.7% 
Girls: 11.3% 

495 (49.1%) - - - - - 

South Asia 

India 49.0 min/day 
9,288 steps/day 
 
Meeting guidelines 
Boys: 35.6% 
Girls: 22.0% 

553 (45.9%) - - - - - 

Western Pacific 

China 45.2 min/day 
2,664 steps/day 
 
Meeting guidelines 
Boys: 12.3%  
Girls: 10.8% 

502 (52.0%) - - - - - 

Australia1,14,15 64.8 min/day 491 (45.8%) ANCNPAS  9-11 years 530 12230 steps/day - 
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10,262 steps/day 
 
Meeting guidelines 
Boys: 36.3% 
Girls: 25.7% 

(2007)  

aUnless otherwise noted, Evenson cut-points were used for ISCOLE accelerometer data (i.e., sedentary: 0-25 counts/15 seconds; light: 26-573 counts/15 seconds; 
moderate-to-vigorous: ≥574 counts/15 seconds16).bProportion of children meeting physical activity guidelines was obtained via child-report questionnaire. cProportion 
of meeting physical activity guidelines come from the HBSC survey and is child-reported.17dMedian value. eActical accelerometers were used as part of an ancillary 
study in ISCOLE Canada so that data could be compared to that from the CHMS.  
 
ANCNPAS: Australian National Children's Nutrition and Physical Activity Survey; CHMS: Canadian Health Measures Survey; MCS: Millennium Cohort Study; NHANES: 
National Health and Nutrition Examination Survey.  
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Supplementary file 5: Mean screen time, and proportion of children meeting screen time guidelines in ISCOLE sites and other 
national datasets 
 

Study site ISCOLE sample National sample 

 Screen timea (hr/day, 
SD) 

n (% males) Dataset Age  n (% males)  Screen time (mean hr/day, SD)b 

Europe 

Finland Weekday: 2.7 (1.5) 
Weekend: 3.7 (2.0) 

536 - - - - 

United Kingdom18 Weekday: 2.6 (1.8) 
Weekend: 3.8 (2.2) 

525 (45.1% male) HBSC (2010) 
 

11, 13 and 15 
year olds 

N = 4,404 
Sample size with 
information 
available on 
gender: 4,383 
(43% boys) 

Proportion of participants watching >2 
hours TV/DVD per day (weekday): 
Boys age 11: 63%  
Girls age 11: 59%  
 
Proportion of participants that play >2 
hours of computer games (weekday): 
Boys age 11: 52%  
Girls age 11: 24%  

Portugal19 Weekday: 2.1 (1.4) 
Weekend: 3.6 (2.1) 

777 HSBC (2010)  11, 13 and 15 
years old 

5,050 (47.7%) Proportion of children watching ≥1 hour 
TV  
Weekday:  
Total: 85.9%  
Boys: 86.5% 
Girls: 85.4% 
Weekend:  
Total: 94.74% 
Boys: 94.6% 
Girls: 95.0%  
 
Proportion of children using the 
computer ≥1 hour  
Weekday: 
Total: 70.7% 
Boys: 71.8% 
Girls: 69.7% 
Weekend: 
Total: 81.4% 
Boys: 80.8% 
Girls: 82.0% 

Africa 

Kenya Weekday: 1.9 (1.9) 562 - - - - 



 

 209 

Weekend 4.4 (2.5) 

South Africa Weekday: 2.8 (2.2) 
Weekend: 4.7 (2.7) 

541 - - - - 

The Americas 

Canada Weekday: 2.4 (1.8) 
Weekend: 3.6 (2.2) 
Total: 2.8 (1.8)  

567 CHMS (2006-
2007) 

6-11 878 (51.2%) Total: 2.5 (mean, 95%CI: 2.4-2.7) 

United States 20 TV hours per day: 
Mean(95% CI) 
Boys: 2.2 (2.0-2.3) 
Girls: 2.2 (2.0-2.3) 
Computer hr/d: Mean 
(95% CI) 
Boys: 1.8 (1.60-1.9) 
Girls: 1.2 (1.1-1.3) 

634 (43.21%) NHANES (2001-
2004) 

9-11 
Mean age in 
months: 125.5 

1,078 (52.3%) TV hours per day: Mean(95% CI) 
Boys: 2.4 (2.2-2.6) 
Girls: 2.4 (2.2-2.5) 
Computer hr/d: Mean (95% CI) 
Boys: 1.2 (1.0-1.4) 
Girls: 0.8 (0.7-0.9) 

Colombia Weekday: 2.8 (1.6) 
Weekend: 3.6 (2.0) 

919 ENSIN 2010 5-12 years 18,527 (51.5%) 2.4hr/day 

Brazil Weekday: 3.5 (2.4) 
Weekend: 4.9 (2.6) 

569 - - - - 

South Asia 

India Weekday: 1.7 (1.2) 
Weekend: 3.0 (1.8) 
 

620 (47.1%) - - - - 

Western Pacific 

China Weekday: 1.9 (1.7) 
Weekend: 3.0 (2.2) 
Total: 2.2 (1.6) 

550  CHNS (1997) 6-18 years 2702 (53.3%) Median (IQR) min/wk 
Males: 420 (180-600) 
Females: 420 (180-600) 

Australia Weekday: 2.6 (1.7) 
Weekend: 4.0 (2.3) 
Total: 2.9 (1.7) 

527 ANCNPAS (2007) 9-11 years 538 203 (102) min/day  

aChild-reported screen time was determined from a Diet and Lifestyle Questionnaire.21Children were asked how many hours they typically watched TV, and how many 
hours they played video games and/or used the computer per week day, and per weekend day. Responses were: 1= I did not watch TV, 2= Less than 1 hour, 3= 1 hour, 
4= 2 hours, 5= 3 hours, 6= 4 hours, 7= 5 or more hours. Response categories were collapsed to include 0-1 hour of TV, 2 hours, 3 hours, 4 hours, and 5 hours or more. A 
weighted mean score of hours of screen time per week was then calculated as follows: [(hours of TV on weekdays x 5) + (hours of TV on weekend days x 2) + (hours of 
video games and computers on weekdays x 5) + (hours of video games and computers on weekend days x 2)]/7. For analysis, this is presented as a screen time score, 
rather than total hours of ST since after 5 hours per day, we could not ascertain the participant’s actual amount of ST. bUnless otherwise reported, screen time was a 
composite measure of all television, video game, and computer use during leisure time 
 
ANCNPAS: Australian National Children's Nutrition and Physical Activity Survey; CHMS: Canadian Health Measures Survey; CHNS: China Health and Nutrition Survey; 
ENSIN: Encuesta Nacional de la Situación Nutricional (National Survey of Nutritional Status); HBSC: Health Behaviors in School-aged Children; NHANES: National Health 
and Nutrition Examination Survey.
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Appendix B 

Background Manuscript 2 

Knowledge and awareness of Canadian Physical Activity and Sedentary Behaviour 
Guidelines: a synthesis of existing evidence.  
 

This manuscript has been written and formatted to adhere to the specifications for 

submission to the journal Applied Physiology, Nutrition, and Metabolism. This 

manuscript is currently in press. 

(http://www.nrcresearchpress.com/doi/abs/10.1139/apnm-2014-0464)  

  

http://www.nrcresearchpress.com/doi/abs/10.1139/apnm-2014-0464
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Appendix C 

Consent forms and ethics approval 
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Children’s Hospital of Eastern Ontario Research Institute Ethics Approval
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University of Ottawa Ethics Approval
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Sample Child Assent Forms 

 

ISCOLE Child Assent Form – School 

 

What are they asking me? 

I am being invited to take part in a research study. The researchers want to know about my living 

habits and the world around me. They will be comparing me and my classmates with children 

from all around the world.  

 

Who is doing this research? 

Dr. Mark Tremblay, Dr. Jean-Philippe Chaput, Dr. Geneviève Leduc and Mr. Charles Boyer. They 

work at the Children’s Hospital of Eastern Ontario in research. You can contact them by telephone 

at 613-737-7600 extension 4192. Your school board, school principal and school teacher have all 

approved this study. 

 

What will they do to me? 

They want to take my height, my weight, and a couple measurements around my belly and arms. 

I will have to remove my shoes and socks for the height and weight and I will also have to lift my 

shirt up a little bit so that they will be able to measure my belly. I will keep my underwear, pants 

and shirt on at all times. Also, they want to ask me questions about watching TV, playing computer 

games, play time, going to school, activities, sleep, what I eat and how I feel. They are also going 

to ask me to wear one or two little device(s) called accelerometer(s) (like a pedometer) that I wear 

around my waist. The little device(s) can measure how many steps I take in a day. I can only take 

them off if I go in water because they are NOT waterproof.  
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Pictures of accelerometers 

 

 

Where is this happening? 

The study will take part at my school and my teacher and principal know about the research. If I 

don’t want to participate I will be able to remain in my classroom with my teacher. 

 

Why? 

The researchers are doing this research because children around the world are not getting 

enough physical activity. There are differences in children around the world and this research 

will find out how those differences influence physical activity. 

 

Will it hurt? 

No, the study will not hurt you. If the little device(s) is/are broken there may be small pieces that 

break apart that could cause you and children younger than you to choke on them. For this reason 

you should keep the little device(s) away from children who are 3 years old or younger. 

 

What do I get if I participate? 

By joining the study I will get no extra benefits. The researchers will get information that could 

help children all across the world. By wearing the second monitor I will get my results compared 

with other Canadian children. 

 

Do I have to participate? 

I don’t have to participate if I don’t want to. My participation in this study does not affect any of 

my marks, and I can decide to stop the study at any time. 

 

Will anybody know my results? 
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The results they get won’t be shared with anyone except me and my parents. They will give me a 

private number so no one will know my name when they compare the results. 

 

 

Child Assent for Study Participation - School 

 

I ............................................................. consent to participate in the above study.  

(your name) 

 

 I do not want to wear the second monitor. 
 

I have read and understood the attached information sheet / had the attached information sheet 

verbally explained to me. I have been told about the study and have had the chance to ask 

questions. I know I am free to withdraw from the study at any time, or not answer questions that 

make me feel uncomfortable. My physical education grade and my treatment at CHEO will not be 

affected if I do or do not participate. I have received a copy of the information sheet and assent 

form. 

 

___________________________ ____________________ _________ 

Name of Participant            Signature of Participant Date 

 

More information can be found at: http://www.cheori.org/halo/ 
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CAPL Child Assent Form - School 

 

 

What is this research called? 

Fitness and movement skill testing 

 

Who is doing this research? 

Dr. Pat Longmuir, Dr. Mark Tremblay, Dr. Jean-Philippe Chaput, Dr. Geneviève Leduc and Mr. 

Charles Boyer. They work at the Children’s Hospital of Eastern Ontario in research. You can 

contact them by telephone at 613-737-7600 extension 4192. Your school board, school principal 

and school teacher have all approved this study. 

 

Why are we doing this study? 

We are doing this study because fitness and movement skills are very important to be healthy and 

active. By performing this second part of the study, we will be able to know a lot more about you 

and how all your lifestyle and environment effect your physical activity.  

 

What will you do during the study? 

You will do many activities that are like being in gym class. We will ask you to answer some 

questions. In the gym we will ask you to try each of these tasks:  

 Run through an obstacle course with jumping, throwing and kicking a ball. 

 Squeeze a handle as hard as you can with each hand.  

 Keep a straight body while leaning only on your toes and elbows.  

 Reach toward your toes while sitting with your legs straight. 

 Run laps back and forth across the gym, starting slowly and then getting faster. 

 Answer questions about physical activity.  
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All of the research activities will take place at your school and your teacher will be there too. The 

activities will be done in your classroom and in the gymnasium. If you do not want to be in the 

research study that’s okay, you will just stay with your teacher. 

 

Are there good or bad things about being in this study? 

We do not expect bad things to happen to children who participate in this study. Since you will be 

running and doing other activities, you might fall or bump into something. It will be the same as 

gym class. We will not give you anything for being in this study but what we learn might help other 

children to be healthier one day.  

 

Who will know that I am in this research study? 

All of your written information will be stored safely, and your personal information will stay 

private. You don’t have to participate if you don’t want to, and the information we get won’t be 

shared with anyone except you and your parents. Being in this study will not change your marks, 

and you can decide to stop the study at any time. 

 

 

 

CAPL Child Assent 

 

 

I, ___________________________________________________(Your Name), agree to 

participate in this research study. 

 

I have read and understood the study information or the information has been explained to me. 

I have been told all about the study and have had a chance to talk about it. I understand that I can 

change my mind and stop the study at any time. I also know that I do not have to answer questions 

or do things that make me uncomfortable. I know that my school marks will not be affected 

because I am doing this research. I have received a copy of the study information and consent 

form. 
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_________________________ ______________________________________ 

Name of Participant    Signature of Participant  Date 

 

More information can be found at: http://www.cheori.org/halo/ 
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Sample Parent Consent Forms 

 

 

Parent/Guardian Informed Consent Form –School 

 

Study Title: International Study of Childhood Obesity,  
Lifestyle and the Environment (ISCOLE) 

 
Investigators: 
 Principal Investigator: Dr. Jean-Philippe Chaput, PhD 
     CHEO Research Institute  
     Healthy Active Living and Obesity Research Group 
     (613) 737-7600 #3683 
     jpchaput@cheo.on.ca 
     
 Co-Investigator:  Dr. Mark Tremblay, PhD 
     CHEO Research Institute  
     Healthy Active Living and Obesity Research Group 
     (613) 737-7600 #4114 
     mtremblay@cheo.on.ca 
 
 Project Manager:  Dr. Geneviève Leduc, PhD 
     CHEO Research Institute 
     Healthy Active Living and Obesity Research Group 
     (613) 737-7600 #4192  
     gleduc@cheo.on.ca 
 
Background and Rationale 
You are being invited to join this study because your child is registered in Grade 5 with a school 
participating in this study. Your child will be among 500 other children from the Ottawa area that 
will participate in this study. This exact study is being conducted in 11 other countries around the 
world. The main reason for the study is the fact that children are increasing in unhealthy weight 
around the world at a high rate, and changes in lifestyles have likely been the main cause. 
Childhood weight gain is the result of many factors and these factors play a large role in how youth 
maintain their weight into their teen years and onto adulthood. Some of these factors are local 

mailto:mtremblay@cheo.on.ca
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and national policies; the neighborhood; home and school environment; diet and lifestyle 
behaviors; and personal characteristics of the child. There is a need for an international study to 
assess these lifestyle behaviors and how they influence weight gain and obesity in children. Your 
school board and school are supportive of this study and your principal and child’s teacher are 
fully aware that it is taking place. 
 
Why is this work important? 
Children around the world are getting heavier to the point where a child’s weight is affecting their 
current and future health. To understand why children are gaining excess weight, this 
international study can answer about how people live affects how much they weigh. This study 
will measure important factors that make up the child as in the physical makeup of the child (i.e. 
height, weight), personal lifestyle (i.e. what they like to do) and demographic characteristics (i.e. 
family income, ethnicity) and the childhood environments (i.e. access to parks). In being an 
international study, all of these factors will be compared across countries from the major world 
regions (Eurasia & Africa, Europe, Latin America, North America, and the Pacific). The results 
obtained will help create solutions to stop childhood weight gain that can be adapted specifically 
to each country.  
 
Study Procedures: 
The research team will ask you (the parent or legal guardian) to complete the ISCOLE 
Neighborhood and Home Environment Questionnaire, which will document your perception of 
your child’s home, neighborhood, and school environments. In addition, you will be asked to 
complete the ISCOLE Demographic and Family Health Questionnaire, which will ask personal 
information (such as education, family income, height and weight) about yourself and other 
personal information about your family and family history that is indirectly related to the health 
of your child. With your permission, we would also like to be able to measure your child’s health 
over time. That is why we are also asking you to fill a Tracing Questionnaire, which would allow 
us to communicate with you in the future if further testing were to take place. However, we do 
not currently know if we will have the resources needed to be able to do these future tests.  
 
Your child will bring home the questionnaires. You can complete the questionnaires at home. It 
will take about 15 minutes to complete the questionnaires. You will be asked to return the 
questionnaires in the pre-stamped, self-addressed envelope to CHEO. 
 
All children enrolled in the study will have the same measurements taken. All measurements will 
be confidential and no one, other than the researchers involved in the study, will see the results. 
School personnel will also be restricted from viewing your child’s measurements.  
 
Taking your child’s measurements will be coordinated with school administrators to not conflict 
with important school activities or tests. Trained research staff will take your child’s 
measurements in a private area at the school determined by the school principal. The measures 
will be taken individually so that information remains private from other students. Your child 
should wear his/her usual clothes for the day of the measurements. We will ask your child to 
remove his/her shoes and socks for height and weight. We will also ask that he/she lifts up his/her 
shirt over the waist for the waist circumference measurement. Children will keep underwear, 
pants and shirt on at all times. 
 
The measurements will include: 
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1. Weight 
2. Height (standing and sitting) 
3. Body fat – this number is calculated while your child is standing on a weight scale 
4. Waist and arm circumferences 
5. Questionnaire about dietary habits and exercise 

 
In addition, your child will wear at least one, with the possibility of wearing two, physical activity 
monitor(s) for 8 days, 24 hours a day, to measure his/her normal physical activity. Your child 
should only remove the monitor(s) when in water, as the monitor(s) is/are NOT waterproof. The 
monitor(s) is/are on a flexible belt that is around the waist. A research staff member will call you 
twice during the monitoring time to answer questions you might have. By agreeing to wear a 
second monitor, we will be able to provide your child with their results compared to national 
norms from the Canadian Health Measures Survey (CHMS) in addition to other ISCOLE findings 
and measures. 
 
Risk and Benefits: 
There are no known risks to study participation.  
 
The special scale, which we use for measuring weight and percent body fat, sends a weak electrical 
current through the body during measurement. Children who have internally implanted medical 
devices, such as pacemakers or other types of internal medical devices should not use this 
equipment due to the risk of malfunction to the device that may be caused by the weak electrical 
current. If your child is wearing such a device, you will be asked to check a box in the Consent 
section of this document and he or she will be weighed using a traditional scale and will not have 
his or her percent body fat measured. 
 
If the physical activity monitor is disassembled or broken, there could be small pieces dislodged 
which causes a choking hazard to children under the age of three. For this reason, children under 
the age of 3 years old should be kept out of reach of the device. You will receive no payment for 
participating in this study. Although you and your child will not receive direct benefits from joining 
this study, the information gained from this study may help other children struggling with issues 
related to physical activity participation. You and your child’s participation in this study are 
voluntary and you are both free to withdraw at anytime from this study. Neither participation nor 
withdrawal from the study will affect your child’s physical and health education grade or the care 
you receive at CHEO. 
 
Confidentiality: 
The data collected in this study will be locked in a safe place. All information that you and your 
child provide will be numbered and will not contain your name. A list of names and matching 
codes will be stored separately. Only the staff involved in this research study will have access to 
the records, with the exception of the CHEO Research Ethics Board who has access to records for 
auditing purposes. All study data will be manually entered into a secure web-based database 
maintained under the auspices of the Coordinating Center in Baton Rouge, in the United 
States.After 7 years of storage, all records will be destroyed. Overall results may be published for 
scientific purposes, but participant identity will remain confidential. Your information is 
confidential. If we learn that a child was being harmed or at risk of being harmed we will notify 
you as well as the proper authorities. 
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Questions about the study: 
If you have any questions please contact Dr. Geneviève Leduc at 613-737-7600 x4192. The 
Ottawa-Carleton District School Board (your child’s school board) and your child’s school principal 
have approved this research. This study has also been reviewed and approved by the CHEO 
Research Ethics Board (REB). The CHEO REB is a committee of the hospital that includes individuals 
from different professional backgrounds. The Board reviews all research that takes place at the 
hospital. Its goal is to ensure the protection of the rights and welfare of people participating in 
research. The Board’s work is not intended to replace a parent or child’s judgment about what 
decisions and choices are best for them. You may contact the Chair of the REB, for information 
regarding patient’s rights in research studies at (613) 737-7600 #3272, although this person 
cannot provide any health-related information about the study. 
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Parental Guardian Consent 
 

I,.......................................................................................................................................... 

    (Your Name) 

the parent/guardian of ...................................................................... , 

     (Your Child’s Name) 

 
Consent for myself and give consent for my child’s participation in the above study. 

 My child is wearing a pacemaker or another internal medical device. He or she should 
be weighed using a traditional scale and should not have his or her percent body fat 
measured. 
 
Do not consent for my child wearing a second physical activity monitor. 
Do not consent for myself or do not give consent for my child’s participation in the above study.  
 
I have read and understood the attached information sheet / had the attached information sheet 
verbally explained to me. I have been fully informed of the details of the study and have had the 
opportunity to discuss my concerns. I understand that I am free to withdraw my child at any time 
or not answer questions that make us uncomfortable, and that my child’s educational status or 
treatment from CHEO will not be affected if I do. I have received a copy of the information sheet 
and consent form. The study volunteer is a child and I certify that I am his/her legal guardian. 
 
     
Name of child  
 
          
Name of Parent/  Signature of Parent/   Date 
Guardian  Guardian  
 
More information can be found at: http://www.cheori.org/halo/ 
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CAPL Parent/Guardian Informed Consent Form – School 

 

What is the title of this research study?  
Canadian Assessment of Physical Literacy 
 
Who is doing this research? 
Dr. Jean-Philippe Chaput, Principal Investigator 
Healthy Active Living and Obesity Research Group, CHEO - Research Institute  
Tel: (613) 737-7600 #3683, email: jpchaput@cheo.on.ca 
 
Dr. Mark Tremblay, Co-Investigator  
Healthy Active Living and Obesity Research Group, CHEO - Research Institute 
Tel: 613-737-7600 #4114, email: mtremblay@cheo.on.ca 
 
Dr. Pat Longmuir, Co-Investigator 
Healthy Active Living and Obesity Research Group, CHEO - Research Institute 
Tel: 613-737-7600 #3908, email: plongmuir@cheo.on.ca 
 
Dr. Geneviève Leduc, Project Manager 
Healthy Active Living and Obesity Research Group, CHEO - Research Institute 
Tel: 613-737-7600 #4192, email: gleduc@cheo.on.ca 
 
Why are we doing this study? 
It is important for children to develop physical abilities so that children are able to move 
efficiently, effectively and safely. Physical education is where children learn these abilities and 
develop knowledge and understanding on how to lead a healthy, active lifestyle. It is important 
to directly measure these abillities to discover exactly how they impact a child’s health and also 
how a childs lifestyle and environment can influence physical abilities. This study is also being 
done in 3 other countries and comparing the results between coutnries will allow us to 
understand exactly how environement impacts a child’s physical abilities.  
 
 
 
What will your child do during the study? 
The Canadian Assessment of Physical Literacy (CAPL) includes many activities that are similar to 
what your child would typically do during the school day. Before your child tries any of the study 
activities, we will ask your child whether they want to participate. Your child can say either “Yes” 

mailto:jpchaput@cheo.on.ca
mailto:mtremblay@cheo.on.ca
mailto:plongmuir@cheo.on.ca
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or “No”, and their choice will be respected even if you want your child to participate. If your child 
agrees to participate, your child will then be asked to complete each of the following tasks: 
 

 Obstacle Course – includes jumping, running, hopping, catching, throwing and kicking balls 
while running 

 Grip Strength – squeezing a hand-grip dynamometer (gage) 

 Plank – a core strength exercise commonly used in yoga-like activities and sport training: 
holding a Push Up position while resting on toes and forearms 

 Sit and Reach - Reach toward the toes while sitting with their legs straight, to measure 
flexibility. 

 PACER (Beep Test) - Run laps back and forth across the gym, starting at a slow speed and 
gradually getting faster. They will continue running until they are too tired or do not wish 
to continue running at the faster speed. 

 Questionnaire - Answer questions about physical activity by writing their answers on a 
questionnaire or using a computer to answer the questions. The questions will tell us what 
children know about physical activity, physical fitness and the skills they need to be active. 
The questions will also ask about your child’s interest in physical activity.  

 
Children who participate in this research will perform each of the study activities when the 
researchers come to their school. All of the research activities will take place at your child’s school 
and your child’s teacher will be present at all times. Most activities will take place in the 
gymnasium, during physical and health education class.  
 
If you choose not to allow your child to participate in this study, your child will be supervised by 
their own teacher and engaged in appropriate school-focused activities while the other children 
in the class are completing the study. 
 
Who can participate in this research? 
Only children who have participated in the ISCOLE research project will be asked to participate. 
We are asking 500 children in grade 5 (approximately 10 years old), to participate in this research.  
 
Your child’s teacher and the principal of your child’s school are interested in having your child’s 
class participate in this research. The Ottawa-Carleton District School Board (your child’s school 
board) and your child’s school principal have approved this research. 
 
 
 
Could something bad happen to my child during this study? 
We do not expect bad things to happen to children who participate in this study. All the activities 
for the study are similar to what your child does in physical education class. As with any type of 
physical activity, there is a small risk of falling or getting hurt. However, all the research equipment 
is similar to what your child uses in physical education and safety is our first priority. All study 
personnel are trained in First Aid and CPR, and in the event of an injury or emergency, standard 
school policies will be followed.  
 
In the unlikely event that your child is injured as a direct result of participating in this research, 
the normal legal rules about compensation for the injury will apply. By signing this consent form 
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you are in no way waiving your legal rights or releasing the investigator and the sponsor from 
their legal and professional responsibilities.  
 
Will my child or family get something for being in this study? 
You and your child will not be paid or given a reward for being in this study. We cannot promise 
that you will get any benefit from your child’s study participation. The information that we gather 
during this study will help us understand how physical abilities impact the overall health of 
children in Canada.  
 
Your child’s participation in this study is completely voluntary. You or your child are free to 
withdraw from this study at anytime, even after the research testing has been completed. Neither 
participation nor withdrawal from the study will affect your child’s physical and health education 
grade. 
 
Who will know that my child is in this research study? 
The information we collect about your child will not identify your child. We will use a coded 
identification number instead of your child’s name so that only the researchers will know who the 
information is about. The data collected in this study will be locked in a safe place. All information 
from your child will be numbered and will not contain your child’s name. A list of names and 
matching code numbers will be stored separately.  
 
It is intended that only the staff involved in this research study will have access to the research 
information collected during this study. However, there are specific situations where other people 
may be given access to the research information. A member of the Research Ethics Board at the 
Children’s Hospital of Eastern Ontario (CHEO) may be given access to the research records for 
auditing purposes. There are also limits to the confidentiality of research information in situations 
of suspected child abuse, concerns of harm to self or others, or any request for information by 
court order. 
 
The coded information collected during this research study will be stored for 7 years after all of 
the results of this research have been published unless you have consented to participation in 
longer-term follow-up studies. After that time, all records will be destroyed in the way required 
by Canadian research data regulations. Overall study results may be published for scientific 
purposes, but the identity of the research participants will remain confidential. No information 
that could identify your child or your child’s school will be published. If we want to publish 
information that could identify your child or your child’s school, we will contact you and ask you 
to sign a separate consent form for the publication. 
 
Who should I contact if I have questions about the research study? 
If you have questions about this study please contact Dr. Geneviève Leduc. Dr. Leduc can be 
contacted by telephone at (613) 737-7600 ext. 4192 or by email (gleduc@cheo.on.ca). This study 
has been reviewed and approved by the CHEO Research Ethics Board. The CHEO Research Ethics 
Board is a committee of the hospital that includes individuals from different professional 
backgrounds. The Board reviews all research done by scientists at the hospital that involves 
people. Its goal is to ensure the protection of the rights and welfare of people participating in 
research. The Board’s work is not intended to replace a parent or child’s judgment about what 
decisions and choices are best for them. You may contact the Chair of the Research Ethics Board, 
for information regarding participant’s rights in research studies at (613) 737-7600 ext. 3272, 
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although this person cannot provide any health-related information about the study. The Board 
could review your study records in fulfilling its roles and responsibilities. 
 

CAPL Parent/Guardian Informed Consent – School 
 
I,______________________________________________the parent/guardian of 

(Your Name),  
 
_______________________give consent for my child to participate in this study. 
 (Your Child’s Name) 
       
I have read and understood the attached study information or had the attached information 
verbally explained to me. I have been fully informed of the details of the study and have had the 
opportunity to discuss my concerns. I understand that I am free to withdraw my child at any time 
or not answer questions that make us uncomfortable, and that my child’s educational status will 
not be affected if I do. I have received a copy of the study information and consent form. 
 
_________________________  _____________________________________ 
Name of Parent/Guardian   Signature of Parent   Date 

 My check mark in this box indicates that I wish to receive a copy of my child’s research study 
results. 

More information can be found at: http://www.cheori.org/halo/ 

http://www.cheori.org/halo/
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Appendix D 

ISCOLE Diet and Lifestyle Questionnaire 

 

Please read every question carefully. What answer comes to your mind first?  

Choose the box that fits your answer best and fill it in. 

 

Remember: This is not a test so there are no wrong answers. It is important that you answer all the 

questions and that we can see your marks clearly. 

 

You do not have to show your answers to anybody. Also, nobody who knows you will look at your 

questionnaire once you have finished it. 

  

 

For the questions on this page, please tell about what you did last week. 

 

1. On a school day, how many hours did you watch TV? 
 

  I did not watch < 1 hour  1 hour  2 hours  3 hours  4 hours  

5 or more hours 

  TV on school  

  days 

 

2. On a school day, how many hours did you play video or computer games or use a computer for 
something that was not school work? 

 

  I did not play < 1 hour  1 hour  2 hours  3 hours  4 hours  

5 or more hours 

  video/computer  

  games or use a 

  computer other  

  than for school  

  work on school days 

 

3. On a school day how much time did you spend outside before school? 
 

 < 1 hour  1 hour  2 hours  3 hours  4 hours  5 or more hours 
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4. On a school day how much time did you spend outside after school before bedtime? 
 

 < 1 hour  1 hour  2 hours  3 hours  4 hours  5 or more hours 

 

 

5. On a weekend day, how many hours did you watch TV? 
 

  I did not watch < 1 hour  1 hour  2 hours  3 hours  4 hours  

5 or more hours 

 TV on weekend 

days 

 

6. On a weekend day, how many hours did you play video or computer games or use a computer for 
something that was not school work? 

 

  I did not play < 1 hour  1 hour  2 hours  3 hours  4 hours  

5 or more hours 

 video/computer  

games or use a 

 computer other  

than for school  

work on the weekend 

 

 

 

7. On a weekend day, how much time did you spend outside? 
 

 < 1 hour  1 hour  2 hours  3 hours  4 hours  5 or more hours 

 

8. In the last week you were in school, on how many days did you go to physical education (PE) classes? 
 

  0 days  1 day  2 days  3 days  4 days  5 days   

 

9. In the last week you were in school, the MAIN part of your journey to school was by: 

□ walking 

□ bicycle, roller-blade, skateboard or scooter 

□ bus, train, tram, underground or boat 

□ car, motorcycle or moped 

□ other     
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10. In the last week you were in school, HOW LONG did it take you to travel to school? 
 

 < 5 minutes  5 - 15 minutes   16 - 30 minutes  31 minutes to 1 hour

 >1 hour 

 

11. During the past year (12 months), did you do any of these activities? (Check all that apply)  
 

  sports teams   dance / martial arts class  art / music class  none of 

these  

 

12. During the past week (7 days), on how many days were you physically active for a total of at least 60 
minutes per day? (all the time you spent in activities that increased your heart rate and made you 
breathe hard) 

 

  0 days  1 day  2 days  3 days  4 days  5 days  6 days

  7 days 

 

Please tick the box that most sounds like you: 

 Disagree a 

Lot Agree a Lot 

 

 1  2  3  

4  5 

13. I can be physically active during my free time    

   
 on most days. 

 

14. I can ask my parent or other adult to do physically    

   
active things with me. 

 

15. I can be physically active during my free time on most    

   
days even if I could watch TV or play video games instead. 

 

16. I can be physically active during my free time on most    

   
days even if it is very hot or cold outside. 

 

17. I can ask my best friend to be physically active with me    

   
during my free time on most days. 
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18. I can be physically active during my free time on most    

   
days even if I have to stay at home. 

 

19. I have the coordination I need to be physically active    

   
during my free time on most days. 

 

20. I can be physically active during my free time on most    

   
days no matter how busy my day is. 

 

There are lots of reasons why people take part in physical activity. Please tick the box to show how 

much each of the reasons below is true for you: 

 Never true  A little bit Sometimes True 

  Very true 

  for me  true for me  true for me  for 

me   for me 

 

21. I take part in exercise because other    

  
 people say I should 

 

22. It’s important to me to exercise regularly    

  
 

23. I can’t see why I should bother exercising    

  
 

24. I feel like a failure when I haven’t    

  
exercised in a while 

 

25. I find exercise a pleasurable activity    

  
 

 

26. During the past week, what time have you usually turned out the light and gone to sleep on school 
days? 

:AM / PM (circle AM or PM) 
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27. During the past week, at what time have you usually woken up in the morning on school days? 

:AM / PM (circle AM or PM) 

28. During the past week, what time have you usually turned out the light and gone to sleep on weekend 

days? 

:AM / PM (circle AM or PM) 

29. During the past week, at what time have you usually woken up in the morning on weekend days? 

:AM / PM (circle AM or PM) 

30. During the past week, how would you rate your sleep quality overall (how well you sleep)? 

  very good  fairly good  fairly bad  very bad  

 

31. During the past week, how would you rate your sleep quantity overall (how much you sleep)? 

  very good  fairly good  fairly bad  very bad  

 

32. Do you have a television in your bedroom? 
 

  Yes  No   

 

 

 

How many times do you usually eat . . . ? (Please mark only one box for each line) 

 

 Never Less 

than 

once a 

week 

Once a 

week 

2 - 4  

days a 

week 

5 - 6 

days a 

week 

Once a 

day, 

every 

day 

Every 

day, 

more 

than 

once 

Fruits        

Vegetables        
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Sweets (candy/chocolate)        

Regular cola or soft drinks 

that contain sugar 
       

Cake, pastries, or donuts        

Diet cola or diet soft 

drinks 
       

Potato chips        

French fries        

Dark green vegetables 

(broccoli, spinach, etc.) 
       

Orange vegetables 

(carrots, squash, sweet 

potato, etc.) 
       

Fruit juice        

Low fat milk (1%,2%, 

skim) 
       

Whole milk 

(homogenized) 
       

Cheese        

Other milk products 

(yogurt, chocolate milk, 

pudding, etc.) 
       

Whole grain bread or 

cereal (oatmeal, muesli, 

etc.) 
       

Meat alternatives (beans, 

lentils, tofu, eggs, peanut 

butter, etc.) 
       

Energy drinks (Red Bull, 

Rock Star, Guru, etc.) 
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Sports drinks (Gatorade, 

Powerade, etc.) 
       

Fish        

Ice cream        

Fried food such as chicken 

wings, chicken fingers, 

etc. 
       

Fast foods such as pizza, 

hamburgers, etc.  
       

 

 

  

33. How many times do you usually eat the following food items while watching television? 
 

 Never Less than 

once a 

week 

Once a 

week 

2 - 4 

days a 

week 

5 - 6  

days a 

week 

Once a 

day, 

every 

day 

Every 

day, 

more 

than 

once 

Potato chips or 

peanuts 
       

Fried food such as 

chicken wings, 

chicken fingers, 

french fries, etc. 

       

Cookies, biscuits, 

chocolate or candy 

bars 

       

Ice cream        

Fast foods such as 

pizza, hamburgers, 

etc.  
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Fruits or vegetables        

 

 

34. How often do you usually have breakfast (more than a glass of milk or fruit juice)? Mark one box for 
weekdays and one box for weekend. 

 

 Weekdays      Weekend 

I never have breakfast on weekdays  I never have breakfast on the weekend  

One day    I usually have breakfast on only one day of 

Two days    the weekend (Saturday OR Sunday) 

Three days    I usually have breakfast on both weekend  

Four days    days (Saturday AND Sunday) 

Five days 

 

 

35. Does your school serve school lunches?  
 

  Yes  No  

 

36. In the last week you were in school, about how many times a week did you eat a school lunch? 
 

  0 days  1 day  2 days  3 days  4 days  5 days  

 

 

37. During thepast week, how many meals (breakfast, lunch or dinner) did you get that were prepared 
away from home in places such as restaurants, fast food places, food stands, grocery stores or 
vending machines? (please do not include meals provided as part of school breakfast or school lunch) 

   

 

 

 

 

 

How well do these statements describe you? (Put a mark in the box that best describes how often this 

happens) 



 

252 

 

 

 Never or  

 Usually or  

  Almost Never  Sometimes

 Always 

 

38. When I am worried I eat more  

  
 

39. I eat when I am mad  

  
 

40. When I do something well I give myself a food treat   

  
 

41. When I am sad I eat more   

  
 

42. When I am happy I eat more   

  
 

43. When I am bored I eat more   

  
 

44. I eat between meals even when I am not hungry   

  
 

 

 

Thinking about the last week… (Put a mark in the box that best describes how you felt) 

 

 Not at all Slightly Moderately 

 Very Extremely 

 

45. Have you felt fit and well?    

  
 

46. Have you felt full of energy?    

  
 

47. Have you felt sad?     
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48. Have you felt lonely?     

  
 

49. Have you had enough time for yourself?     

  
 

50. Have you been able to do the things    

  
    that you want to do in your free time? 

 

51. Have your parent(s) treated you fairly?     

  
 

52. Have you had fun with your friends?     

  
 

53. Have you got on well at school?     

  
 

54. Have you been able to pay attention?     

  
 

 

55. In general, how would you say your health is? 
 

  excellent  very good  good  fair  poor  

 

 

 

Thank you!  
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Appendix E 

ISCOLE Demographic and Family Health Questionnaire 

 

 

A. GENERAL INFORMATION 

  
Child’s Name: 

 
       Last                            First                              Middle 

 
Name of Child’s School: 

 
   
Parent’s or Guardian’s Name: 

 
       Last                            First                              Middle 

 
Home Address: 

 
                   Street Address        Apt. #           Town or City             Province              Postal/Zip Code            
 

Nearest Cross-Street to Home:  

 
 
Phone Number: (    )       E-Mail: 

 
Area Code                                        

 

 

How long have you lived at the current address?  years and   months 

 

 

 

 

B. DEMOGRAPHICS OF CHILD 

 

Birth date _____/_____/_____  Age _____years Gender:    Male      Female 

dd/mmm/yyyy 

Ethnicity1: 

                                                      

1The researchers are interested in learning about the ethnicity of your child because several 

studies show that individuals from various parts of the world present a different susceptibility to 

weight gain. The question is not intended to discriminate any child on the basis of ethnicity. Your 
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□ White 

□ African American 

□ Asian 

□ First Nations  

□ East Indian 

□ Don’t know 

□ Other      
 

 

Are you of Hispanic origin?1  Yes  No 

 

In what country was the child born?     

 

 

How many biological brothers and sisters does the child have?     

 

What are their ages? _____yrs _____yrs _____yrs _____yrs

 _____yrs 

_____yrs _____yrs _____yrs _____yrs

 _____yrs 

 

 

C. HEALTH HISTORY OF CHILD 

 

1. Birth Weight: _______grams OR _______lbs &_____oz  Birth Length: ____cm OR 

____inches 

 

2. Length of Pregnancy: _______weeks OR months 

 

3. Did mother develop gestational diabetes during pregnancy with THIS child?  Yes  No  

 

4. Fed breast milk? Yes     No   If No, please skip to question 5. 

                                                      

answer will be used in the scientific analyses, only to be able to look into this important issue on a 

preventive standpoint. If you do not want to answer a question (but remember all answers are 

kept private and confidential) please draw a line through the question and mark it “‘PM”, meaning 

Permanently Missing. 
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 Age when COMPLETELY stopped being fed breast milk: _____months 

 Age when FIRST fed formula: _____months 

 

5. Age when COMPLETELY stopped drinking formula: _____months 

 

D. FAMILY DEMOGRAPHICS AND HEALTH 

 

6. What is the marital status of the child’s parents? 

□ Married 

□ Divorced or separated 

□ Never married 

□ Widowed parent 
 

7. How many people live in your household (at this address)?   

 

7a. Who lives with the child atthis address (check all that apply)?  

□ Biological Mother 

□ Biological Father    

□ Adoptive Mother 

□ Adoptive Father 

□ Step Mother 

□ Step Father 
 
 

□ Brother(s) or Sister(s) 

□ Grandparent(s) 

□ Other Relative(s) 

□ Friend(s)  

□ Legal Guardian(s) 

□ OTHER 

 

8. What is the COMBINED annual income for your household (before taxes)?  

□ Less than $14,999 

□ $15,000 - $29,999 

□ $30,000 - $39,999 

□ $40,000 - $59,999 

□ $60,000 - $89,999 

□ $90,000 - $109,999 

□ $110,000 - $139,999 

□ $140,000 and above 
 

9. How many functioning motorized vehicles (car, truck, motorcycle, moped, etc.) are available for use at 

your house? 

□ 0 
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□ 1 

□ 2 

□ 3 

□ 4 

□ 5 or more 
10. How many television sets are in your household? 

□ 0 

□ 1 

□ 2 

□ 3 

□ 4 

□ 5 or more 
 

11. What best describes your type of television service for the primary television in the house? 

□ No television 

□ Antenna only 

□ Basic cable 

□ Cable + premium channel(s) 

□ Satellite dish 

□ Other 

□ Don’t know 
 

12. What best describes your type of internet service? 

□ No internet access 

□ Dial-up modem 

□ DSL modem 

□ Cable modem 

□ Other 

□ Don’t know 
 

13. What is the MOTHER’S highest level of education completed? 

□ Less than high school 

□ Some high school 

□ High school diploma/GED 

□ Diploma or 1-3 years of college 

□ Bachelor’s degree 
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□ Graduate (Master’s or PhD)/professional degree 
 

14. How many hours per week does the MOTHER work outside the home? 

□ None  

□ Less than 15 hours/week 

□ Part-time (15-35 hours per week) 

□ Full time (36+ hours per week) 
 

15. What is the FATHER’S highest level of education completed? 

□ Less than high school 

□ Some high school 

□ High school diploma/GED 

□ Diploma or 1-3 years of college 

□ Bachelor’s degree 

□ Graduate (Master’s or PhD)/professional degree 
 

16. How many hours per week does the FATHER work outside the home? 

□ None  

□ Less than 15 hours/week 

□ Part-time (15-35 hours per week) 

□ Full time (36+ hours per week) 
 

 

17. Is this child adopted?         Yes No 

 

 

18. Please answer the following questions with regard to the child’s BIOLOGICAL MOTHER (if she is 

pregnant, please report the pre-pregnancy weight): 

 

Current height: _____cm or _____feet and inches    Current weight: _______kg or _______lbs  

Current Age: _____ years 

Age at child’s birth: ____ years 

   Biological Mother’s information cannot be estimated or is not known  
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19. Please answer the following questions with regard to the child’s BIOLOGICAL FATHER: 

 

Current height: _____cm or _____feet and inches   Current weight: _______kg or _______lbs  

Current age: _____ years 

   Biological Father’s information cannot be estimated or is not known  
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Appendix F 

ISCOLENeighbourhood &Home Environment Questionnaire 

 

 

 

Where "child" is mentioned, please respond only about the child who is participating in this 

study. Be as accurate as you can. There are no right or wrong answers. All information is strictly 

confidential. 

 

 

 
 

A. NEIGHBOURHOOD COHESION 

Do you agree or disagree with the 
following statements? 

Strongly 

disagree 

Somewhat 

disagree 

Neutral Somewhat 

agree 

Strongly 

agree 

1. People around my 

neighbourhood are willing to 

help their neighbours. 

     

2. This is a close-knit 

neighbourhood. 
     

3. People in my neighbourhood can 

be trusted. 
     

4. People in my neighbourhood 

generally don't get along with 

each other. 

     

5. People in my neighbourhood do 

not share the same values, 

attitudes or beliefs. 

     

 

 

 

B. NEIGHBOURS AND FRIENDS  
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1. Think about the neighbourhood or area in which you live. In general, how well do you feel 

you know your neighbours? 

 

Not 

at all 

Just 

a little 

Moderately 

well 

Extremely 

well 

    

 

 

2. About how often do you talk to or visit with your immediate neighbours (people in the 10-20 

households that live closest to you)? 

 

Never 

Once a 

year or less 

Several 

times a 

year 

Once a 

month 

Several 

times a 

month 

Several 

times a 

week 

Almost 

every day 
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C. NEIGHBOURHOOD RESPONSE 

For the following statements, please mark 
how likely a neighbour would respond to, or 
take action in the following situations: 

Very 

unlikely Unlikely 

Neither 

likely 

nor 

unlikely Likely 

Very 

likely 

1. If a group of neighbourhood children were 

skipping school and hanging out on a street 

corner, how likely is it that your neighbours 

would do something about it? 

     

2. If some children were spray-painting graffiti 

on a local building, how likely is it that your 

neighbours would do something about it? 

     

3. If a child was showing disrespect to an adult, 

how likely is it that people in your 

neighbourhood would scold that child? 

     

4. If there was a fight in front of your house and 

someone was being beaten or threatened, 

how likely is it that your neighbours would 

break it up? 

     

5. Suppose that because of budget cuts the fire 

station closest to your home was going to 

be closed down by the city. How likely is it 

that neighbourhood residents would 

organize to try to do something to keep the 

fire station open? 

     

 

 

D. FOODS IN THE HOME 

How often are the following foods/drinks 
available in your home? 

Never Rarely Sometimes Often Always 

1. Chocolate candy 
 

     

2. Other candy 
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3. Raw fruit (e.g., apples, oranges) 
 

     

4. Cakes, brownies, muffins or cookies 
 

     

5. Regular chips or crackers 
 

     

6. Baked chips, low-fat crackers, pretzels 
 

     

7. Raw vegetables (e.g., carrots) 
 

     

8. 100% fruit juice 
 

     

9. Juice drinks (e.g., Sunny delight) 
 

     

10. Regular sodas with sugar  
 

     

11. Diet or sugar free sodas 
 

     

12. Sports drinks (e.g., Gatorade) 
 

     

13. Fruit roll-ups or other dried fruit 
 

     

14. Regular or 2% milk 
 

     

15. 1% or fat-free milk 
 

     

16. Sweetened breakfast cereal 
 

     

17. Unsweetened breakfast cereal 
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E. WHERE YOU SHOP 

When you, or the main food shopper in 
your home, go food shopping, how often do 
you go to each of these types of stores? 

Never Rarely Sometimes Often Always 

1. Large supermarket or discount warehouse      

2. Small to medium food store      

3. Convenience store      

4. Farmer's market/produce stand      

5. Other, specify: 

__________________________ 
     

 

 

F. STORE ACCESS 

Please indicate whether the following statements are true of 
the store where you usually buy groceries. 

Yes No 

Not 

applicable 

1. Close to location of my employment    

2. Close to my child’s school    

3. Close to my home    

 

 

G. FOOD SHOPPING 

The following questions apply to 
the store where you usually buy 
groceries. 

Strongly 

disagree 

Somewhat 

disagree Neutral 

Somewhat 

agree 

Strongly 

agree 

1. Low-fat foods cost too much.      

2. There is a large selection of fresh 

fruits and vegetables. 
     

3. There is a large selection of low-

fat products available. 
     

4. The condition of fresh fruits and 

vegetables is poor. 
     

5. Fruits and vegetables cost too 

much. 
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H. YOUR CHILD'S ELECTRONICS 

Please indicate whether the following are in your child's bedroom. Yes No 

1. TV   

2. Computer   

3. Video game system (non-hand held; Playstation, Xbox, etc.)   

   

Does your child have the following items for his/her own use?   

4. Cell phone or 2-way radio   

5. Hand-held videogame players (Game Boy, Sony PSP, etc.)   

6. Music systems (Ipod, stereo, radio, etc.)   
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For the next two questions, please think about your child's activities over the past year. 

 

I. PLAY EQUIPMENT  

How often during the past year has 
your child used these items at or 
around home (or in a common 
apartment area)? 

Not 

available 

(Don’t 

have) 

Available 

but 

never 

use 

Once a 

month 

or less 

Once 

every 

other 

week 

Once a 

week or 

more 

1. Bike      

2. Basketball hoop      

3. Jump rope      

4. Active video games (e.g., with 

dance pad, Wii, etc) 
     

5. Sports equipment (like ball, 

racquets, bats, sticks) 
     

6. Swimming pool      

7. Roller skates, skateboard, 

scooter 
     

8. Fixed play equipment (e.g., 

swing set, playhouse, jungle 

gym) 

     

 

 

J. PLACES FOR YOUR CHILD'S PHYSICAL ACTIVITY 

How often during the past year has 
your child been physically 
active(including active play) in the 
following places? 

Never 

Once 

a 

month 

or less 

Once 

every 

other 

week 

Once 

a 

week 

2 or 3 

times/ 

week 

4 

times/ 

week 

or 

more 

1. Inside your home       

2. In your yard or common area or in 

your driveway 
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3. At a neighbour’s house, yard, or 

driveway 
      

4. In a local street, sidewalk, or vacant 

lot/field 
      

5. Indoor recreation or exercise facility 

(public or private; e.g., YMCA/Boys 

& Girls Club) 

      

6. Beach, lake, river, or creek       

7. Bike/hiking/walking trails, paths       

8. Basketball court       

9. Other playing fields/courts (like 

skating rink/arena, football, softball, 

tennis, soccer) 

      

10. Small public park or playground       

11. Large public park       

12. Public open space that is not a park       

13. School grounds (during non-school 

hours) 
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K. GETTING AROUND IN YOUR NEIGHBOURHOOD 

Please select the answer that best applies to you and your neighbourhood. Within walking 

distance means within a 10-15 minute walk from your home. 

 Strongly 

disagree 

Somewhat 

disagree 

Somewhat 

agree 

Strongly 

agree 

1. There are shops, stores, markets, and 

places to buy things I need within easy 

walking distance of my home/house. 

    

2. There is a bus, subway, or train stop within 

walking distance from my home. 
    

3. There are sidewalks on most streets.     

4. There are NOT many dead end streets.     

5. There are many different routes for getting 

from place to place. 
    

6. There is a high crime rate.     

7. The speed of traffic on most streets is 

usually slow (50km/h or less). 
    

8. Most drivers go faster than the posted 

speed limits. 
    

9. There are many interesting things to look at 

while walking in my neighbourhood. 
    

10. The traffic makes it difficult or unpleasant 

for my child to walk. 
    

11. Streets have good lighting at night.     

12. There are crosswalks and signals on busy 

streets. 
    

13. There are many places to go within easy 

walking distance of my home. 
    

14. I'm afraid of my child being taken or hurt 

by a stranger on local streets. 
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15. I'm afraid of my child being taken or hurt 

by a stranger in my yard, driveway, or 

common area. 

    

16. I’m afraid of my child being taken or hurt 

by a stranger in a local park. 
    

17. I'm afraid of my child being taken or hurt 

by a known "bad" person (adult or child) 

in my neighbourhood. 

    

  

 

 L. DISTANCE TO LOCATIONS 

About how long would it take youto walk from your home to the nearest places listed 

below? Please select the time it would take you to walk to each place, regardless of 

whether you/your child go there. 

 

 

1-5 

min 

6-10 

min 

11-

20 

min 

21-

30 

min 

31+ 

min 

Don’t 

know 

1. Convenience/corner store/small grocery 

store/bodega 
      

2. Supermarket       

3. Fast food restaurant       

4. Non-fast food restaurant       

5. Indoor recreation or exercise facility (public or 

private; e.g., YMCA/Boys & Girls Club) 
      

6. Beach, lake, river, or creek       

7. Bike/hiking/walking trails, paths       

8. Basketball court (including half-court)        

9. Other playing fields/courts (like skating 

rink/arena, soccer, football, softball, tennis, 

skate park, etc.) 

      

10. Small public park       

11. Large public park       
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12. Public playground with equipment       

13. School with recreation facilities open to the 

public 
      

  

 

M. FAMILY 

During a typical week, how often do you or another adult in the household: 

 
Never 

 

1-2 

days 

3-4 

days 

5-6 

days Everyday 

1. Watch your child participate in physical activity 

or sports 
     

2. Encourage your child to do sports or physical 

activity 
     

3. Provide transport to a place where your child 

can do physical activity or play sports 
     

4. Do a physical activity or play sports with your 

child 
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Appendix G 

ISCOLE research ethics boards 

Site 

ID 

Country IRB/Ethics Committee 

01 United 

States 

Pennington Biomedical Research Center Institutional Review Board 

for Research with Human Subjects 

02 United 

Kingdom 

University of Bath Research Ethics Committee for Health 

03 Australia University of South Australia Human Research Ethics Committee 

04 Portugal Ethics Committee University of Porto 

05 South 

Africa 

University of Cape Town Health Sciences Faculty Human Research 

Ethics Committee 

06 Kenya Kenyatta University Ethics Review Committee  

Children’s Hospital of Eastern Ontario Research Ethics Board 

08 Colombia Universidad de los Andes Committee on Research Ethics 

09 Brazil The Research Ethics Committee (REC) of the Municipal Health of 

Sao Caetano do Sul - Prima 

10 Canada Children’s Hospital of Eastern Ontario Research Ethics Board 

11 China Biomedical Ethics Committee of Tianjin Women’s and Children’s 

Health Center 

12 India St. John’s Medical College & Hospital Institutional Ethical Review 

Board 

13 Finland The Ethics Committee of the Hospital District of Helsinki and 

Uusimaa 
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Appendix H 

Canadian Assessment of Physical Literacy physical activity knowledge 

questionnaire 

Physical Activity Knowledge (2013) 
(Canadian Assessment of Physical Literacy) 

 

What grade are you in:   

1 2 3 4 5 6 7 8  (please circle one) 

 

Are you a:   boy      girl   (please circle one) 

 

What month is your birthday: (please circle one) 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec  

 

How old are you:   

5   6   7    8    9    10    11    12    13    14    15  

(please circle one) 

 

In this project, when we talk about physical activity, we mean when you are moving around, playing or exercising. 

Physical activity is any activity that makes your heart beat faster or makes you get out of breath some of the time. 

 

Why are we asking you these questions? We want to know what kids like you think about physical activity, sports 

and exercise.  

 

Please remember:  

☺ There are no right or wrong answers. We only want to know what you think.  
☺ If you do not know an answer, please write your best guess.  
☺ There is no time limit, so please take all the time you need.  
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1. Being physically active means you are moving around and not sitting still. How important do you think it is 
that you are physically active every day?  
(circle one number) 
Not important   Somewhat important   Very important 
  1 2 3 4 5 6 7 8 9 10 
 
2. How important is it for you to be more active than you are now? (circle one number) 
I’m already   I need to be a   I need to be 
active enough    little more active    a lot more active 
  1 2 3 4 5 6 7 8 9 10 
 
3. Kids say there are many different reasons that they like to be active or play sports. Being active is anything that you 
do when you are moving, exercising or not sitting still. Below are some reasons that other kids have told us why they 
like to be active. For each reason, tell us what you think. If you think it is a good reason then you would “Agree a little” 
or “Agree a lot”. If you do not think it’s a good reason, then you would “Disagree a little” or “Disagree a lot”. If you are 
not sure or you don’t think the reason is good or bad then you are “in between”.  
 

A reason that I might be active is 

because when I am active I . . . . . 

. 

 

Disagree Disagree In between       Agree Agree 

a lot    a little  a little  a lot 

. . look better     1    2      3       4     5 

. . have more energy     1    2      3       4     5 

. . .feel happier     1    2      3       4     5 

. . have fun     1    2      3       4     5 

. . make more friends     1    2      3       4     5 

. . get stronger     1    2      3       4     5 

. . like myself more     1    2      3       4     5 

. . get in better shape     1    2      3       4     5 

. . feel healthier     1    2      3       4     5 
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4. Kids say there are also reasons that make it hard for them to be active. For each reason, tell us what you think. 
If you think it is a good reason then you would “Agree a little” or “Agree a lot”. If you do not think it’s a good 
reason, then you would “Disagree a little” or “Disagree a lot”. If you are not sure or you don’t think the reason is 
good or bad then you are “in between”.  
 

I might not be active if . . .  

  Disagree Disagree In between Agree Agree 

  a lot        a little    a little    a lot 

I didn’t have enough time 

to be active 

    1    2      3       4     5 

I have too many chores to 

do 

    1    2      3       4     5 

I didn’t have a good place 

to be active 

    1    2      3       4     5 

If the weather was too bad     1    2      3       4     5 

I didn’t have the right 

clothes/shoes 

    1    2      3       4     5 

I didn’t know how to do the 

activity 

    1    2      3       4     5 

I didn’t have the right 

equipment  

    1    2      3       4     5 

I had too much homework     1    2      3       4     5 

I didn’t have anyone to be 

active with 

    1    2      3       4     5 

I didn’t like to be active     1    2      3       4     5 

5. Compared to other kids your age, how active are you? (circle one number) 
A lot less active      Same    A lot more active 
 1 2 3 4 5 6 7 8 9 10 
 
6. Compared to other kids your age, how good are you at sports or skills?  
(circle one number) 
Others are better     Same    I’m a lot better 
 1 2 3 4 5 6 7 8 9 10 
 
7. There are many different kinds of fitness. One type is called endurance fitness or aerobic fitness or 
cardiorespiratory fitness. Cardiorespiratory fitness means…  
(circle the right answer) 

a) How well the muscles can push, pull or stretch. 

b) How well the heart can pump blood and the lungs can provide oxygen. 

c) Having a healthy weight for our height. 

d) Our ability to do sports that we like. 
 
8. Activities that make your heart beat faster and make you breathe faster, like walking fast or running, are 
called moderate or vigorous activity. How many minutes of moderate or vigorous physical activity are students 
supposed to do every day at school?  
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a) 10 minutes 

b) 20 minutes 

c) 30 minutes 

d) 60 minutes or 1 hour 
 
9. How many minutes of moderate or vigorous activity should you and other Canadian children do physical 
activity every day? Count the time you should be active at school and also the time you should be active at home or 
in your neighbourhood.  

a) 10 minutes 

b) 20 minutes 

c) 30 minutes 

d) 60 minutes or 1 hour 
 
10. Sometimes children have to sit still to read, watch television or do homework. What is the most time that 
children should sit still each day? Do not count the time that you are asleep at night.  
a) 30 minutes 
b) 60 minutes or 1 hour 
c) 2 hours 
d) 4 hours 
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11. Draw a line to all the words you think describe what “Healthy” means.  

 

Not being sick  

 Exercising       looking good   

           

Eating well        feeling good 

   

Being skinny         Being flexible 

         

Being attractive        Being happy 

          

Strong muscles     Having endurance        Being popular      

  

12. All of the athletes in the photos below are doing the same skill.  
 What are they all doing? What is the same in every picture? 

 

 ________________________________ 

Healthy is... 
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13. This story about Sally is missing some words. Fill in the missing words below. Each word can only be used to fill 
one blank space in the story. 

 

Sally goes for a 30 minute jog each day which increases her ________________ fitness. Running every day is good for 

her _____________ and _____________.  

Sally thinks that physical activity is _____________ and is also ____________ for her so she participates in at least 

_____________ minutes a day.  At her sport team’s practice she does more running to improve her 

_________________.  The team also does exercises like push-ups and sit-ups that increase her _________________.  

After exercising, she checks her heart rate which is also  

called a _________________.   

14. In the summer, when you are outside for at least 30 minutes, how often do you wear sunscreen?  (circle 
one answer) 
a)  Always 
b) Often 
c) Sometimes 
d) Not very often 
e) Never 
 
15. In the winter, when you are outside for at least 30 minutes, how often do you wear sunscreen?  (circle 
one answer) 
a)  Always 
b) Often 
c) Sometimes 
d) Not very often 
e) Never 
16. Please circle all of the foods that are good to eat most days. Put an X  
 through the foods that you should only eat as a special treat.  
 

 

Cardiorespiratory    Fun      Endurance    Heart  

  Good         60      

 Pulse    Strength     Lungs 
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17. Circle each activity that you do. If you always or almost always wear safety gear (like helmet or shin pads) 

when you do the activity, add a check mark inside the circle. 
 

18. How many hours do you usually spend sleeping each night?  
(circle one answer) 
a)  Less than 5 hours 
b) 5 to 8 hours 
c) 8 to 10 hours 
d) 10 to 12 hours 
e) More than 12 hours 
 

http://www.google.ca/imgres?q=cartoon+child+toboggan&hl=en&safe=active&gbv=2&biw=1024&bih=571&tbm=isch&tbnid=uu57hRbM5B8yuM:&imgrefurl=http://www.inkity.com/catalog/product/2/7647/Just-Cant-Hold-On.html&docid=2pQPg9QN1FTUTM&imgurl=http://www.inkity.com/catalog/img/2/7845.jpg&w=289&h=364&ei=jQ_MTqexCajl0QHtgbH8Dw&zoom
http://www.google.ca/imgres?q=cartoon+child+toboggan&hl=en&safe=active&gbv=2&biw=1024&bih=571&tbm=isch&tbnid=uu57hRbM5B8yuM:&imgrefurl=http://www.inkity.com/catalog/product/2/7647/Just-Cant-Hold-On.html&docid=2pQPg9QN1FTUTM&imgurl=http://www.inkity.com/catalog/img/2/7845.jpg&w=289&h=364&ei=jQ_MTqexCajl0QHtgbH8Dw&zoom
http://www.google.ca/imgres?q=cartoon+child+swings&hl=en&safe=active&gbv=2&biw=1024&bih=571&tbm=isch&tbnid=X4246tE_atVdjM:&imgrefurl=http://www.123rf.com/photo_410891_bunch-of-colorful-balloons.html&docid=f_ok5HwJzg7oGM&imgurl=http://us.cdn1.123rf.com/168nwm/alvarocabrera/alvarocabrera1003/alvarocabrera100300109/6676455-happy-girl-in-swing-vector-cartoon-illustration.jpg&w=168&h=168&ei=5xDMTubpCOTh0QG70Mn2Dw&zoom
http://www.google.ca/imgres?q=cartoon+child+swings&hl=en&safe=active&gbv=2&biw=1024&bih=571&tbm=isch&tbnid=X4246tE_atVdjM:&imgrefurl=http://www.123rf.com/photo_410891_bunch-of-colorful-balloons.html&docid=f_ok5HwJzg7oGM&imgurl=http://us.cdn1.123rf.com/168nwm/alvarocabrera/alvarocabrera1003/alvarocabrera100300109/6676455-happy-girl-in-swing-vector-cartoon-illustration.jpg&w=168&h=168&ei=5xDMTubpCOTh0QG70Mn2Dw&zoom
http://www.google.ca/imgres?q=cartoon+child+swimming&hl=en&safe=active&gbv=2&biw=1024&bih=571&tbm=isch&tbnid=FzmSR4375l7v2M:&imgrefurl=http://ballinamorebns.scoilnet.ie/blog/2011/09/13/swimming/&docid=T_jKKA45ubczXM&imgurl=http://ballinamorebns.scoilnet.ie/blog/files/2011/09/cartoon-boy-doing-laps-small.jpg&w=1080&h=745&ei=WBHMTrPfLIbY0QHvzaUf&zoom
http://www.google.ca/imgres?q=cartoon+child+swimming&hl=en&safe=active&gbv=2&biw=1024&bih=571&tbm=isch&tbnid=FzmSR4375l7v2M:&imgrefurl=http://ballinamorebns.scoilnet.ie/blog/2011/09/13/swimming/&docid=T_jKKA45ubczXM&imgurl=http://ballinamorebns.scoilnet.ie/blog/files/2011/09/cartoon-boy-doing-laps-small.jpg&w=1080&h=745&ei=WBHMTrPfLIbY0QHvzaUf&zoom
http://www.google.ca/imgres?q=cartoon+child+skipping&hl=en&safe=active&gbv=2&biw=1024&bih=571&tbm=isch&tbnid=W1E1V8Q1c97Y7M:&imgrefurl=http://www.easyvectors.com/browse/other/jumping-rope-clip-art&docid=uE1-rf0v94bNSM&imgurl=http://www.easyvectors.com/assets/images/vectors/afbig/jumping-rope-clip-art.jpg&w=251&h=425&ei=-BHMTvjjKYn30gHR2oU6&zoom
http://www.google.ca/imgres?q=cartoon+child+skipping&hl=en&safe=active&gbv=2&biw=1024&bih=571&tbm=isch&tbnid=W1E1V8Q1c97Y7M:&imgrefurl=http://www.easyvectors.com/browse/other/jumping-rope-clip-art&docid=uE1-rf0v94bNSM&imgurl=http://www.easyvectors.com/assets/images/vectors/afbig/jumping-rope-clip-art.jpg&w=251&h=425&ei=-BHMTvjjKYn30gHR2oU6&zoom


 

279 

 

19. During a normal week, how much do your parents do the following things with you: 

Take you to play games or sports  Never Not often Sometimes Often Very Often 

Be active with me Never Not often Sometimes Often Very Often 

Encourage me to be active or play Never Not often Sometimes Often Very Often 

Play games or sports with me Never Not often Sometimes Often Very Often 

Play sports with the whole family  
Never Not often Sometimes Often Very Often 

Tell me that I am a good person 

for being active 

Never Not often Sometimes Often Very Often 

Tell me that they don’t like me 

being active 

Never Not often Sometimes Often Very Often 

 

20. During a normal week, how much do your friends do the following things with you: 

Play games or sports with me Never Not often Sometimes Often Very Often 

Be active with me Never Not often Sometimes Often Very Often 

Encourage me to be active or play Never Not often Sometimes Often Very Often 

Tell me that I’m a good person for 

being active 

Never Not often Sometimes Often Very Often 

Tell me that they don’t like me to 

be active 

Never Not often Sometimes Often Very Often 

17.   
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21. If you wanted to get better at a sport skill like kicking and catching a ball, what would be the best thing to 
do?  
(circle one answer) 
a)  Read a book about kicking and catching a ball 
b) Wait until you get older 
c) Try kicking or catching a lot of times 
d) Take a lesson or have a coach teach you how to kick and catch 
 
22. If you wanted to get in better shape, what would be the best thing to do?  
(circle one answer) 
a)  Read a book about getting in shape 
b) Wait until you get older 
c) Try exercising or being active a lot more 
d) Take a lesson or have a coach teach you how to get in shape 
 
23. If you were allowed to pick what you do after school, which activity would you pick? (circle only one activity)  

Play video/computer games     Go to my sports team’s practice 

Read        Walk my dog 

Do homework       Chat with friends online 

Play with my friends at the playground   Watch television 

24. How much time do you spend on-line, using a computer, emailing, texting, chatting or using a phone: 

i. After school?   ii. After dinner?   iii. On weekends? 

   a. None    a. None    a. None   

   b. Less than 1 hour  b. Less than 1 hour   b. Less than 1 hour 

   c. 1 to 2 hours   c. 1 to 2 hours   c. 1 to 2 hours 

   d. 3 to 4 hours   d. 3 to 4 hours   d. 3 to 4 hours 

   e. 5 or more   e. 5 or more    e. 5 or more 

 

25. How much time do you spend watching TV, DVDs, or movies, playing video games, reading or doing homework: 

i. After school?   ii. After dinner?   iii. On weekends?  

a. None    a. None    a. None  

b. Less than 1 hour   b. Less than 1 hour   b. Less than 1 hour 

c. 1 to 2 hours   c. 1 to 2 hours   c. 1 to 2 hours 

d. 3 to 4 hours   d. 3 to 4 hours   d. 3 to 4 hours 

e. 5 or more    e. 5 or more    e. 5 or more 

  

 Thank you for your help!   
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Appendix I 

Sample SAS code 

libname ISCOLE "E:\ISCOLE";  
 
%include'E:\ISCOLE\Universal ISCOLE formats_allsites.sas';  
 
 
/* country demographics 
 
1 = "US" 2 = "UK" 3 = "Australia" 4 = "Portugal" 5 = "South Africa" 6 = "Kenya" 8 = "Colombia" 9 = "Brazil" 10 = 
"Canada" 11 = "China" 12 = "India" 13 = "Finland" */ 
 
 
/*********************************** 
merging datasets */ 
 
 
data iscole_person; 
 set ISCOLE.allsubjects_workshop_22oct2014; 
run; 
 
data iscole_PA;  
 set ISCOLE.allaccelpa_workshop_22oct2014;  
run; 
 
data iscole_sleep; 
 set ISCOLE.allaccelsleep_workshop_22oct2014; 
run; 
 
data iscole_school; 
 set ISCOLE.allschool_workshop_22oct2014; 
run; 
 
procsortdata = iscole_person; 
 by PID; 
run; 
 
procsortdata=iscole_PA; 
 by PID; 
run; 
 
procsortdata=iscole_sleep; 
 by PID; 
run; 
 
data iscole_pers; 
 merge iscole_person iscole_pa iscole_sleep; 
 by PID; 
run; 
 
procsortdata=iscole_school; 
 by school_ID; 
run; 
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procsortdata= iscole_pers; 
 by school_ID; 
run; 
 
data iscole_complete; 
 merge iscole_pers iscole_school; 
 by school_ID; 
run; 
 
/*re coding variables */ 
 
data iscole_complete1; 
set iscole_complete; 
 
/*Caluculate continuous age in years*/ 
Age_Year = ageatanthromos/12; 
 
/*Recategorize education*/ 
if allfather_edu in (1,2) then newfather_edu3 = 1;/*Did not complete high school*/ 
if allfather_edu in (3,4) then newfather_edu3 = 2;/*Completed high school/some college*/ 
if allfather_edu in (5,6) then newfather_edu3 = 3;/*Bachelors degree or Postgraduate degree*/ 
 
if allmother_edu in (1,2) then newmother_edu3 = 1;/*Did not complete high school*/ 
if allmother_edu in (3,4) then newmother_edu3 = 2;/*Completed high school/some college*/ 
if allmother_edu in (5,6) then newmother_edu3 = 3;/*Bachelors degree or Postgraduate degree*/ 
 
if allfather_edu in (1,2,3) then newfather_edu2 = 1;/*Less than or equal to high school diploma*/ 
if allfather_edu in (4,5,6) then newfather_edu2 = 2;/*Some college/bachelor's/postgrad*/ 
 
if allmother_edu in (1,2,3) then newmother_edu2 = 1;/*Less than or equal to high school diploma*/ 
if allmother_edu in (4,5,6) then newmother_edu2 = 2;/*Some college/bachelor's/postgrad*/ 
 
/*Calculate highest parental education*/ 
parentschool3 = max(newfather_edu3, newmother_edu3); 
parentschool2 = max(newfather_edu2, newmother_edu2); 
 
run; 
 
 
data iscole_complete2; 
set iscole_complete1; 
 
/*Calculate screen time scores*/ 
/*School day TV*/ 
if diet_schdaywatchTV in (1) then SchoolTV = 0;/*did not watch*/ 
if diet_schdaywatchTV in (2) then schooltv = 0.5;/*watched less than 1 hour*/ 
if diet_schdaywatchTV in (3) then schooltv = 1;/*watched 1 hour*/ 
if diet_schdaywatchTV in (4) then schooltv = 2;/*watched 2 hours*/ 
if diet_schdaywatchTV in (5) then schooltv = 3;/*watched 3 hours*/ 
if diet_schdaywatchTV in (6) then schooltv = 4;/*watched 4 hours*/ 
if diet_schdaywatchTV in (7) then schooltv = 5;/*watched 5 hours*/ 
/*Weekend TV*/ 
if diet_wkendwatchTV in (1) then WkendTV = 0;/*did not watch*/ 
if diet_wkendwatchTV in (2) then WkendTV = 0.5;/*watched less than 1 hour*/ 
if diet_wkendwatchTV in (3) then WkendTV = 1;/*watched 1 hour*/ 
if diet_wkendwatchTV in (4) then WkendTV = 2;/*watched 2 hours*/ 
if diet_wkendwatchTV in (5) then WkendTV = 3;/*watched 3 hours*/ 
if diet_wkendwatchTV in (6) then WkendTV = 4;/*watched 4 hours*/ 
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if diet_wkendwatchTV in (7) then WkendTV = 5;/*watched 5 hours*/ 
/*School day computer*/ 
if diet_schdaycompgames in (1) then SchoolComp = 0;/*did not watch*/ 
if diet_schdaycompgames in (2) then SchoolComp = 0.5;/*watched less than 1 hour*/ 
if diet_schdaycompgames in (3) then SchoolComp = 1;/*watched 1 hour*/ 
if diet_schdaycompgames in (4) then SchoolComp = 2;/*watched 2 hours*/ 
if diet_schdaycompgames in (5) then SchoolComp = 3;/*watched 3 hours*/ 
if diet_schdaycompgames in (6) then SchoolComp = 4;/*watched 4 hours*/ 
if diet_schdaycompgames in (7) then SchoolComp = 5;/*watched 5 hours*/ 
/*Weekend computer*/ 
if diet_wkendcompgames in (1) then WkendComp = 0;/*did not watch*/ 
if diet_wkendcompgames in (2) then WkendComp = 0.5;/*watched less than 1 hour*/ 
if diet_wkendcompgames in (3) then WkendComp = 1;/*watched 1 hour*/ 
if diet_wkendcompgames in (4) then WkendComp = 2;/*watched 2 hours*/ 
if diet_wkendcompgames in (5) then WkendComp = 3;/*watched 3 hours*/ 
if diet_wkendcompgames in (6) then WkendComp = 4;/*watched 4 hours*/ 
if diet_wkendcompgames in (7) then WkendComp = 5;/*watched 5 hours*/ 
 
TVscore = (SchoolTV*5 + WkendTV*2) / 7; 
CompScore = (SchoolComp*5 + WkendComp*2) / 7; 
ScreenScore = (SchoolTV*5 + WkendTV*2 + SchoolComp*5 + WkendComp*2) / 7; 
Weekdayscreen = (SchoolTV*5 + SchoolComp*5 ) / 5; 
 
run;  
 
procfreqdata = iscole_complete2; 
tables schoolTV wkendTV schoolcomp wkendcomp; 
run; 
 
/*meeting screen time guidelines */ 
data iscole_complete3; 
 set iscole_complete2; 
 if TVscore gt 2then TV = 2;/*watching more than 2 hours of tv per day */ 
 if TVscore le 2then TV = 1; 
 if CompScore gt 2then COMP = 2; /* uses computer/video for more than 2 hours per day */ 
 if CompScore le 2then COMP = 1; 
 if ScreenScore gt 2then SCREEN = 2; /*total screen time greater than 2 hours per day */ 
 if ScreenScore le 2then SCREEN = 1; 
 if weekdayscreen gt 2then wkTV = 2; 
 if weekdayscreen le 2then wkTV = 1; 
run; 
 
procsortdata = iscole_complete3; 
by site_id; 
run; 
 
procfreqdata = iscole_complete3; 
 tables SCREEN; 
 by site_id; 
run;  
 
 
DATA iscole_complete4; 
SET iscole_complete3; 
 
/*Creating an active transport indicator variable*/ 
if DIET_WkSchMainJourToSch in (1,2) then active = 1;/*active transport*/ 
if DIET_WkSchMainJourToSch in (3,4) then active = 0; /*passive transport*/ 
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run; 
 
data iscole_complete5; 
set iscole_complete4; 
 
/*Calculate outdoor score*/ 
if DIET_schdayoutafter in (1) then AfterOut = 0.5;/*outside < 1 hour*/ 
if DIET_schdayoutafter in (2) then AfterOut = 1;/*outside 1 hour*/ 
if DIET_schdayoutafter in (3) then AfterOut = 2;/*autside 2 hours*/ 
if DIET_schdayoutafter in (4) then AfterOut = 3;/*outside 3 hours*/ 
if DIET_schdayoutafter in (5) then AfterOut = 4;/*outside 4 hours*/ 
if DIET_schdayoutafter in (6) then AfterOut = 5;/*outside 5 or more hours*/ 
 
if AfterOut in (0.5, 1) then afteroutside = 2; /*outside after school for less than 2 hours */ 
if AfterOut in (2, 3, 4, 5) then afteroutside = 1; /* outside after school for greater than or equal to 2 hours */ 
 
if DIET_schdayoutbefore in (1) then BeforeOut = 0.5;/*outside < 1 hour*/ 
if DIET_schdayoutbefore in (2) then BeforeOut = 1;/*outside 1 hour*/ 
if DIET_schdayoutbefore in (3) then BeforeOut = 2;/*autside 2 hours*/ 
if DIET_schdayoutbefore in (4) then BeforeOut = 3;/*outside 3 hours*/ 
if DIET_schdayoutbefore in (5) then BeforeOut = 4;/*outside 4 hours*/ 
if DIET_schdayoutbefore in (6) then BeforeOut = 5;/*outside 5 or more hours*/ 
 
if beforeout in (0.5, 1) then beforeoutside = 2; /*outside before school for less than 2 hours */ 
if beforeout in (2, 3, 4, 5) then beforeoutside = 1; /* outside before school for greater than or equal to 2 hours */ 
 
if DIET_wkendoutside in (1) then WkendOut = 0.5;/*outside < 1 hour*/ 
if DIET_wkendoutside in (2) then WkendOut = 1;/*outside 1 hour*/ 
if DIET_wkendoutside in (3) then WkendOut = 2;/*autside 2 hours*/ 
if DIET_wkendoutside in (4) then WkendOut = 3;/*outside 3 hours*/ 
if DIET_wkendoutside in (5) then WkendOut = 4;/*outside 4 hours*/ 
if DIET_wkendoutside in (6) then WkendOut = 5;/*outside 5 or more hours*/ 
 
if WkendOut in (0.5, 1) then WkendOutside = 2; /*outside on the weekend for less than 2 hours */ 
if WkendOut in (2, 3, 4, 5) then WkendOutside = 1; /* outside on the weekend for greater than or equal to 2 hours */ 
 
 
Wkday_OutdoorScore = (afterout*5 + beforeout*5) / 5; 
Total_OutdoorScore = (afterout*5 + beforeout*5 + wkendout*2) / 7; 
 
run; 
 
/*re-coding parental BMI */ 
 
data iscole_complete6; 
 set iscole_complete5; 
 if motherBMI le 24.99then motherWS = 1; /*mother normal weight */ 
 if motherBMI gt 25.00then motherWS = 2; /*mother overweight/obese */ 
 if fatherBMI le 24.99then fatherWS = 1; /*father normal weight */ 
 if fatherBMI gt 25.00then fatherWS = 2; /*father overweight/obese */ 
run; 
 
procfreqdata=iscole_complete6; 
 tables motherWS fatherWS; 
run; 
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data iscole_complete7; 
 set iscole_complete6; 
 if diet_wkratesleep in (1, 2) then rate_sleep = 1; /*sleep quality was very good or fairly good */ 
 if diet_wkratesleep in (3, 4) then rate_sleep = 2; /*sleep quality was fairly bad or very bad */ 
 if diet_wkhowmuchsleep in (1, 2) then quantity_sleep = 1; /*sleep quantity was very good or fairly good*/ 
 if diet_wkhowmuchsleep in (3, 4) then quantity_sleep = 2; /*sleep quantity was fairly bad or very bad */ 
 if diet_7days60mindays in (1, 2, 3, 4, 5, 6) then guidelines = 2; /*not meeting PA guidelines */ 
 if diet_7days60mindays in (7, 8) then guidelines = 1; /*meeting guidelines */ 
 if NHEQ_Trusted in (1, 2) then trusted = 2; /*neighbourhood cannot be trusted*/ 
 if NHEQ_Trusted in (3, 4, 5) then trusted = 1; /*neighbourhood CAN be trusted*/ 
 if NHEQ_GetManyPlWalk in (1, 2) then walking = 2; /* there are not many places to walk*/ 
 if NHEQ_GetManyPlWalk in (3, 4) then walking = 1; /*there ARE places to walk */ 
 if NHEQ_gethighcrime in (1, 2) then crime = 2; /* high crime */ 
 if NHEQ_gethighcrime in (3, 4) then crime = 1; /* not high crime*/ 
 if NHEQ_elecTV in (1) then parent_TV = 2; /*parent reports that child has a TV in their room */ 
 if NHEQ_elecTV in (2) then parent_TV = 1; /*parent reports no TV in bedroom */ 
 if NHEQ_elecCOMP in (1) then parent_comp = 2; /*parent reports a comp in child's bedroom */ 
 if NHEQ_elecCOMP in (2) then parent_comp = 1; /*parent reports NO comp in child's bedroom */ 
 if allmother_work in (2,1) then mom_work = 2; /* mom works less than part time */ 
 if allmother_work in ( 3, 4) then mom_work = 1; /* mom works part or full time */ 
 if allfather_work in (1, 2) then dad_work = 2; /* dad works less than part time */ 
 if allfather_work in (3, 4) then dad_work = 1; /* dad works part or full time */ 
 
/*Calculate highest parental education*/ 
parentwork = max(mom_work, dad_work); 
parentwork2 = max (allfather_work, allmother_work); 
 
 if BMIWHO in (1, 2, 3) then weight = 1; /*child under or normal weight */ 
 if BMIWHO in (4, 5) then weight = 2; /*child overweight or obese */ 
 if automobiles le 2then car = 1; 
 if automobiles ge 3then car = 2; 
 if TVs in (0, 1) then TV_house = 2; /*zero or one TV in house*/ 
 if TVs in (2, 3, 4, 5) then TV_house = 1; /*2 or more TVs*/ 
 if DIET_TVbedroom in (0) then child_TV = 1; /* child reports that they don't have a TV in their bedroom */ 
 if DIET_TVbedroom in (1) then child_TV = 2; /*child reports that they DO have a TV in their room */ 
  
run; 
/*****************************************/ 
 
procsortdata = iscole_complete7; 
by site_id; 
run; 
 
 
data check; /*checking for missing data*/ 
set iscole_complete7; 
if  parentwork=. or screenscore=. or allmean_sE1=. or avg_weight=. or avg_height=. or active = . or parentschool3=. 
or motherws=. or fatherws=. or dietunhealthy_all=. or diethealthy_all=. or quantity_sleep=. or rate_sleep=.  or 
walking=. 
or crime=. or tv_house=. or car=. or diet_tvbedroom=. or NHEQ_electv=. or NHEQ_eleccomp=. or 
total_outdoorscore=. or trusted=./*or dad_work=. or mom_work=.*/; 
run; 
 
 
data iscole_complete8; /*Then, exclude data that is missing*/ 
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set iscole_complete7; 
if parentwork=. or screenscore=. or allmean_sE1=. or avg_weight=. or avg_height=. or active = . or parentschool3=. 
or motherws=. or fatherws=. or dietunhealthy_all=. or diethealthy_all=. or quantity_sleep=. or rate_sleep=.  or 
walking=. 
or crime=. or tv_house=. or car=. or diet_tvbedroom=. or NHEQ_electv=. or NHEQ_eleccomp=. or 
total_outdoorscore=. or trusted=.thendelete; 
run; 
 
 
data iscole_complete8_check; /*then run checks to make sure the code worked.*/ 
set iscole_complete8; 
if parentwork=. or screenscore=. or allmean_sE1=. or avg_weight=. or avg_height=. or active = . or parentschool3=. 
or motherws=. or fatherws=. or dietunhealthy_all=. or diethealthy_all=. or quantity_sleep=. or rate_sleep=.  or 
walking=. 
or crime=. or tv_house=. or car=. or diet_tvbedroom=. or NHEQ_electv=. or NHEQ_eleccomp=. or 
total_outdoorscore=. or trusted=.; 
run; 
 
/* comparing those with missing data */ 
 
data iscoleall; 
set iscole_complete7; 
 
if gender = . or parentwork=. or screenscore=. or allmean_sE1=. or avg_weight=. or avg_height=. or active = . or 
parentschool3=. 
or motherws=. or fatherws=. or dietunhealthy_all=. or diethealthy_all=. or quantity_sleep=. or rate_sleep=.  or 
walking=. 
or crime=. or tv_house=. or car=. or diet_tvbedroom=. or NHEQ_electv=. or NHEQ_eleccomp=. or 
total_outdoorscore=. or trusted=. or bmiz_who=.then miss=1;  
else miss=0; 
 
run; 
 
procfreqdata = iscoleall; 
tables miss; 
run; 
 
/*This will show you if an individual site is missing a lot of data*/ 
procfreqdata=iscoleall; 
tables site_id*miss /chisq; 
run; 
 
/*p < .05 means the average of your variable is significantly different between the missing and non-missing groups*/ 
procttestdata=iscoleall; 
class miss; 
var gender/*insert whichever variable you are supposed to be comparing between missing and non-missing 
subjects*/; 
run; 
 
 
/********************** descriptives **************/ 
 
/*** by site ID ***/ 
 
procsortdata=iscole_complete8; 
 by site_ID; 
run; 
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procfreqdata= iscole_complete8; 
 tables sche_numteachers; 
 by site_id; 
run; 
 
 
procsortdata = iscole_complete8; 
by gender ; 
run; 
 
procunivariatedata = iscole_complete8; 
var screenscore; 
by gender; 
run; 
 
procttestdata = sed; 
 var sed; 
 class gender; 
run; 
 
procmeansdata= iscole_complete8; 
 var age_year screenscore /*avg_height avg_weight avg_bodyfat BMIz_WHO allmean_mvE1 */ ; 
 by site_id ; 
run; 
 
procttestdata = iscole_complete8; 
 var screenscore; 
 class gender; 
 /*by site_id;*/ 
run; 
 
procttestdata = iscole_complete8; 
 var bmiz_who; 
 class gender; 
 /*by site_id;*/ 
run; 
 
procttestdata = iscole_complete8; 
 var age_year; 
 class gender; 
 by site_id; 
run; 
 
procfreqdata = iscole_complete8; 
 tables screen*gender /chisq; 
 /*by site_id;*/ 
run; 
 
procfreqdata = iscole_complete8; 
 tables screen ; 
 by gender; 
run; 
 
procmeansdata = iscole_complete8; 
 var allmean_ 
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/* data collection period for ISCOLE */ 
 
procfreqdata=iscole_complete9; 
 tables anthrodate; 
run; 
 
/* testing for between group differences */ 
 
/* between site */ 
procttestdata=iscole_complete9; 
 class gender; 
 var motherBMI fatherBMI allmother_edu allfather_edu allmean_mvE1 allmean_sE1 totalscreen BMIWHO; 
run; 
 
/*between gender */ 
procsortdata=iscole_complete8; 
 by gender; 
run; 
 
procttestdata=iscole_complete9; 
 class gender; 
 var motherBMI fatherBMI allmother_edu allfather_edu allmean_mvE1 allmean_sE1 totalscreen BMIWHO; 
run; 
 
procfreqdata = iscole_complete9; /*Weekend day, how much time did you spend outside?, On a school day, how 
much time did you spend outside after school before bedtime? On a school day, how much time did you spend 
outside before school?*/ 
 table DIET_WkEndOutside DIET_SchDayOutAfter DIET_SchDayOutBefore; 
run; 
 
procmeansdata = iscole_complete8; 
var screenscore; 
by/*site_id*/ gender; 
run; 
 
/*multilevel  
 
/* calculating ICCs */ 
 
procmixeddata=iscole_complete9 noclprint; 
 class school_ID site_ID ; 
 model allmean_sE1 =  /solutionddfm=kr; 
 random intercept /subject = school_ID (site_ID); 
 random intercept /subject = site_ID; 
run; 
 
 
procmixeddata=iscole_complete9 noclprint; 
 class school_ID site_ID ; 
 model logscreen =  /solutionddfm=kr; 
 random intercept /subject = school_ID (site_ID); 
 random intercept /subject = site_ID; 
run; 
 
 
 
/************************************************* FINAL model for SED **********/ 
procsortdata = iscole_complete9; 
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by gender; 
run; 
 
 
/*total sample */ 
procmixeddata=iscole_complete9; 
 class school_ID site_ID gender parentschool3 fatherws child_tv (ref = first) parent_tv (ref = first) car(ref = 
first) parent_comp (ref = first) guidelines (ref = first)  
beforeoutside (ref = first) afteroutside (ref = first); 
 model allmean_sE1 = gender age_year parentschool3 avg_bodyfat fatherws car child_tv parent_tv 
parent_comp 
dietunhealthy_all guidelines beforeoutside afteroutside /solutionddfm=kr;  
 random intercept /subject = school_ID (site_ID); 
 random intercept /subject = site_ID; 
 /*by gender;*/ 
run; 
 
/* each country */ 
procmixeddata=iscole_complete9 (where=(site_id=1)); /*this is an example for the U.S.*/ 
 class school_ID gender parentschool3 fatherws child_tv (ref = first) parent_tv (ref = first) car(ref = first) 
parent_comp (ref = first) guidelines (ref = first)  
beforeoutside (ref = first) afteroutside (ref = first); 
 model allmean_sE1 = gender age_year parentschool3 avg_bodyfat fatherws car child_tv parent_tv 
parent_comp 
dietunhealthy_all guidelines beforeoutside afteroutside/solutionddfm=kr;  
 random intercept /subject = school_ID ; 
run; 
 
 
 
/************************************** FINAL model for ST ***********************************/ 
 
/*total sample */ 
procmixeddata=iscole_complete9; 
 class school_ID site_ID gender parentschool3 motherws (ref = first) tv_house (ref=first) child_tv (ref=first) 
parent_comp (ref=first) wkendoutside (ref=first) beforeoutside (ref=first) afteroutside (ref=first) guidelines (ref = first) 
car (ref=first); 
 model logscreen = gender age_year parentschool3 avg_wc motherws tv_house child_tv parent_comp 
dietunhealthy_all diethealthy_all 
wkendoutside beforeoutside afteroutside guidelines car /solutionddfm=kr;  
 random intercept /subject = school_ID (site_ID); 
 random intercept /subject = site_ID; 
run; 
 
/*for each country*/ 
procmixeddata=iscole_complete9 (where=(site_id=1)); /*this is an example for the U.S.*/ 
 class school_ID gender parentschool3 motherws (ref = first) tv_house (ref=first) child_tv (ref=first) 
parent_comp (ref=first) wkendoutside (ref=first) beforeoutside (ref=first) afteroutside (ref=first) guidelines (ref = first) 
car (ref=first); 
 model logscreen = gender age_year parentschool3 avg_wc motherws tv_house child_tv parent_comp 
dietunhealthy_all diethealthy_all 
wkendoutside beforeoutside afteroutside guidelines car /solutionddfm=kr;  
 random intercept /subject = school_ID; 
run; 
 
 


