
 

 

SEDENTARY BEHAVIOUR AND HEALTH AMONG YOUNG PEOPLE 

 

 

 

by 

 

Valerie Lynne Carson 

 

 

 

 

A thesis submitted to the School of Kinesiology and Health Studies 

In conformity with the requirements for 

the degree of Doctor of Philosophy 

 

 

 

 

 

Queen’s University 

Kingston, Ontario, Canada 

(June, 2012) 

 

Copyright ©Valerie Lynne Carson, 2012  



ii 

Abstract 

 
The overall objectives of this thesis were to (1) describe the sedentary behaviour 

levels of young people; (2) examine the impact of sedentary behaviour on obesity and other 

physical health outcomes among young people; and (3) examine the influence that 

individual, social, and environmental factors have on the sedentary behaviour of young 

people. Six manuscripts addressed these objectives. 

Manuscript one assessed the proportion of 0- to 4-year-olds meeting the new 

Canadian Sedentary Behaviour Guidelines for the Early Years in a sample of pre-school 

children. More than half of the children exceeded the guidelines and the majority of their 

parents believed that their child did not engage in excessive screen time.  

Manuscript two examined the association between types, overall volume, and patterns 

of sedentary behaviour with cardio-metabolic risk factors in a sample of children and 

adolescents. Television viewing predicted cardio-metabolic risk factors independent of 

moderate-to vigorous-intensity physical activity. No associations were observed for the other 

sedentary behaviour components. 

Manuscript three examined whether the relationship between television viewing and 

obesity in a sample of youth was mediated by dietary habits. While a positive association 

was observed between television viewing and body mass index, it was not explained by 

dietary habits. 

Manuscript four examined urban-rural differences in screen time in two samples of 

youth. Rural American youth were the most likely to be excessive television users and the 

least likely to be excessive computer users. Conversely, urban Canadian youth were the least 

likely to be excessive television users and the most likely to be excessive computer users. 
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Manuscript five examined the association between neighbourhood disorder and 

screen time in a sample of youth. Participants in neighbourhoods with high social and high 

physical disorder were the most likely to engage in excessive screen time. 

Manuscript six examined associations between factors within the home setting and 

screen time among a sample of pre-school children. Several factors collectively explained 

64.1% of the variance in television viewing including parental cognitive factors, which 

explained 41.0%. 

The findings of this thesis have important implications for future public health 

interventions and initiatives as well as future research in this area. 
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Chapter 1 

 

 

General Introduction 

 

 
Physical activity epidemiology aims to improve population health by understanding 

the relationships between physical activity and health outcomes as well as the distribution 

and the determinants of physical activity participation.
1, 2

 Among the pediatric population, 

research in physical activity epidemiology has traditionally focused on moderate- to 

vigorous-intensity physical activity (MVPA).
3, 4

 This includes activities that involve bodily 

movement ≥4 times the intensity of rest, such as bicycle riding, running, and swimming.
5
 

However, MVPA accounts for only 6-7% of waking hours in the average young person.
6, 7

 

As a result, a new focus of  research for this field of study is the health implications of the 

activities that occur in the other 93% of waking hours.
8
 Sedentary behaviour activities, which 

account for approximately 60% of waking hours,
6
 are gaining increasing attention for their 

potential adverse health consequences.
9
  

Sedentary behaviour is not simply the absence of MVPA; rather, it is the engagement 

in a distinct class of primarily sitting activities (e.g., television viewing, computer use, 

motorized transport) that involve minimal body movement and low energy expenditure.
10, 11

 

In fact, sedentary behaviour is poorly correlated with MVPA in young people.
12, 13

 

Furthermore, it is possible for young people to meet the national physical activity guidelines 

(e.g., 60 minutes of daily MVPA) and still engage in excessive amounts of sedentary 

behaviour.
3, 10

 As a result, the development of distinct approaches to decrease sedentary 

behaviour and increase MVPA have been recommended in order to optimize the health and 

well-being of young people.
4
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Even though research examining sedentary behaviour is on the rise, it is still 

considered by experts in the physical activity epidemiology field to be 20 years behind 

MVPA focused research.
10, 11

 This is especially true in terms of understanding the 

independent effects of sedentary behaviour on various health outcomes as well as 

understanding the determinants of sedentary behaviour. Consequently, knowledge needed to 

inform future evidence-based interventions and national guidelines that specifically target 

sedentary behaviour among young people is limited. Due to this dearth of information, a call 

for a more extensive body of epidemiological research on sedentary behaviour has recently 

been made.
11

 This thesis has been designed to answer this call by addressing some of the 

important unanswered questions that currently exist regarding sedentary behaviour among 

young people. 

 

Objectives 

 

The objectives of this thesis were to (1) describe the sedentary behaviour levels of 

young people; (2) examine the impact of sedentary behaviour on obesity and other physical 

health outcomes among young people; and (3) examine the influence that several individual, 

social, and environmental factors have on the sedentary behaviour of young people. Primary 

and secondary data analysis were used to examine these relationships in large representative 

samples of Canadian and American school-aged children and adolescents (> 5 years old) as 

well as a sample of pre-school children (≤ 5 years old) from the Kingston, Ontario area. 

 

Overview of Thesis 

 

This thesis is presented in manuscript format and includes a literature review, six 

manuscripts, a general discussion, and conclusions. The literature review provides definitions 



3 

of key terms and summarizes the current evidence among young people regarding the 

surveillance of sedentary behaviour, the relationship between sedentary behaviour and health 

outcomes, the determinants of sedentary behaviour, and the measurement of sedentary 

behaviour. 

Manuscript one primarily addresses objective one by describing the screen time 

activities as well as parental attitudes towards and barriers to reducing screen time among a 

sample of pre-school children aged 0-4 years from the Kingston, Ontario area.  

Manuscripts two and three primarily address objective two. More specifically, 

manuscript two examines the relationship between the three components of sedentary 

behaviour (i.e., types, overall volume, patterns) and cardiovascular disease and diabetes risk 

factors among a large sample of American children and adolescents aged 6-19 years. 

Manuscript three examines the mediating effects of television snacking and junk food 

consumption on the relationship between television viewing and obesity among a large 

sample of Canadian youth aged 10-16 years.  

The remaining manuscripts primarily address objective three. More specifically, 

manuscript four examines urban-rural differences in individual screen time activities and the 

mediating effects of parent and peer support on these differences among large samples of 

American and Canadian youth aged 10-16 years. Manuscript five examines the influence of 

neighbourhood disorder on individual screen time activities among a large sample of 

Canadian youth aged 10-16 years. Finally, manuscript six examines the influence of several 

individual, social, and physical environment factors within the home setting on screen time 

activities among a sample of pre-school children aged 0-5 years from the Kingston, Ontario 

area.  
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The six manuscripts are followed by a general discussion and conclusions. This 

chapter includes a summary of the key findings, overall strengths and limitations, public 

health implications, directions for future research, and a summary of the research experience 

gained by the candidate during her PhD training. Additionally, detailed information 

regarding the methodologies of the six manuscripts is provided in several appendices. 
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Chapter 2 

 

 

Literature Review 

 

 
2.1 Introduction 

 

 A new focus of physical activity epidemiology research in the pediatric population is 

the sedentary behaviour activities that make up approximately 60% of waking hours.
1, 2

 

Research examining the relationship between sedentary behaviour and various health 

outcomes as well as the determinants of sedentary behaviour is currently in its infancy. 

Consequently, a more extensive body of epidemiological research is needed to inform future 

evidence-based interventions and national guidelines that target sedentary behaviour among 

young people. Caspersen has developed a framework to outline the breadth and scope of 

physical activity epidemiological research.
3
 This framework can also be used to summarize 

the available epidemiological evidence on sedentary behaviour (see Figure 1 below), which 

has been done in this literature review. In addition, this literature review summarizes the 

methodological issues related to the measurement of sedentary behaviour, given its relevance 

to all aspects of the framework. 

Figure 1: Breadth and scope of epidemiologic research for sedentary behaviour. Modified 

from C.J. Caspersen.
3
 

 

 

 

 

 

 

 
 

Sedentary 

Behaviour and 

Health Outcomes 

Determinants of 

Sedentary 

Behaviour 

Sedentary 

Behaviour 

Surveillance 

 

Sedentary 

Behaviour 
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2.2 Definitions of Key Terms 

2.2.1 Sedentary Behaviour 

Sedentary behaviour is characterized by primarily sitting activities that involve 

minimal body movement and low energy expenditure.
2, 4

 Sedentary behaviour encompasses 

three components that may influence health: types, overall volume, and patterns. The types 

of sedentary behaviour component refers to time spent engaging in different modes of 

sedentary behaviour, such as television viewing, computer use, or reading.
5
 Screen time 

activities (e.g., television, computers, video games) refer to specific types of sedentary 

behaviours that are screen-based.
6
 Sometimes a summary screen time measure is used in the 

literature (i.e., television + computers + video games); however, this thesis primarily 

examines independent types of screen-based sedentary behaviour. 

The overall volume of sedentary behaviour component refers to the total duration of 

all types of sedentary behaviour activities.
5
 Finally, the patterns of sedentary behaviour 

component refers to how sedentary behaviour is accumulated.
2
 This includes both bouts of 

sedentary behaviour and breaks in bouts of sedentary behaviour. A bout is a continuous 

amount of time spent in sedentary behaviour activities and a break is an interruption in a 

sedentary behaviour bout characterized by light-intensity activity or moderate-to vigorous- 

intensity physical activity (MVPA).
7
 

2.2.2 Moderate-to Vigorous-Intensity Physical Activity (MVPA) 

 

The traditional definition of physical activity is, “any bodily movement produced by 

skeletal muscles that expends energy beyond resting levels.”
8
 
(pg.4)

  This bodily movement is 

performed across a range of intensities.
8
 As displayed in Table 1 on the next page, these 

intensities of movement are usually classified as light, moderate, and vigorous. Light-

intensity physical activity is just above sedentary behaviour or minimal body movement.
8
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Evidence in young people suggests that physical activity should be of at least moderate-

intensity in order to maximize health benefits.
8, 9

 As a result, research examining physical 

activity among children frequently operationalizes or defines physical activity as MVPA
8
 

 

Table 1. Intensities of physical activity among young people 

Intensity Definition Examples 

Sedentary Behaviour 1.0 MET – 1.5 METs Lying down, sitting, 

watching TV 

 

Light 1.6 METs – 3.9 METs Standing, slow walking 

 

Moderate 4.0 METs – 5.9 METs Brisk walking, bicycle 

riding, skating 

 

Vigorous ≥6.0 METs Running, soccer, swimming 

MET= metabolic equivalent. 1 MET is the energy required at rest. Modified from D.S. 

Ward
8
 using the compendium of energy expenditures for children and adolescents.

10
 

 

 

2.2.3 Health Outcomes 

 

According to the World Health Organization, health encompasses dimensions of 

physical, mental, and social well-being.
11

 This thesis focuses on the physical dimension of 

health through the examination of cardio-metabolic risk factors.  These risk factors are 

known predictors of cardiovascular disease and type 2 diabetes.
12, 13

 Some examples of these 

risk factors include overweight and obesity (i.e., excess body fat), hypertension (i.e., high 

blood pressure), dyslipidemia (i.e., high levels of low density lipoprotein-cholesterol and 

triglycerides in the blood), insulin resistance (i.e., diminished ability to transport sugar from 

the blood to muscles and other tissues), and high C-reactive protein (i.e., inflammation of 

blood vessels). Cardio-metabolic risk factors can be examined individually or they can be 

combined together to form a clustered cardio-metabolic risk score, which is sometimes 

referred to as the metabolic syndrome.  
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2.2.4 Young People 

This thesis focuses on young people within the age range of 0-19 years. Pre-school 

children refer to young people who have not entered grade school (i.e., aged 0-5 years), 

which encompasses children of the early years (i.e., aged 0-4 years). Conversely, school-aged 

children and youth refer to young people who are currently in grade school (i.e., aged 6-19 

years). School-aged children include 6- to 10-year-olds; whereas, school-aged youth include 

11- to 19-year-olds.
14

 Youth are also referred to as adolescents. 

2.2.5 Determinants 

Potential influences of sedentary behaviour can be categorized into various levels 

including individual, social, environment, and policy.
4, 15

 This thesis focuses on influences 

within the individual, social, and environmental levels. Individual or intrapersonal influences 

generally include demographic, biological, cognitive, and behavioural factors.
16, 17

 Social or 

interpersonal influences generally include family and peer factors.
16, 17

 Finally, environment 

influences generally include community or neighbourhood factors.
16, 17

 However, one 

manuscript within this thesis also examines environmental influences within the home 

setting. 

 

2.3 Surveillance of Sedentary Behaviour among Young People 

2.3.1 Types of Sedentary Behaviour 

 School-aged children and youth engage in many different types of sedentary 

behaviour.
18

 A study in 2009 by the Kaiser Foundation quantified the average daily amount 

of four types (television, computer, video games, and reading) among a representative 

sample of 8- to 18-year-old Americans.
18

 This study reported that television was the most 
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dominant type of sedentary behaviour, with participants engaging in an average of 3.8 

hours/day. Computer use was second with 1.5 hours/day, then video games with 1.2 

hours/day, and finally reading with 0.6 hours/day.
18

 Similarly, the median time spent 

watching television (2.5 hours/day) was higher than computer use (1.1 hours/day) among a 

large representative sample of Canadian youth.
19

  

High amounts of television viewing is not unique to school-aged children and youth; 

for example, national data from 2004/05 indicates that approximately 24.5% of Canadian 

pre-school children aged 2-5 years are engaging in >2 hours/day of television viewing.
20

 

Furthermore, an average of 40.2 mins/day of television viewing was observed in children 

younger than 2 years in the United States.
21

 

 Canada has recently developed evidence-based sedentary behaviour guidelines for 

school-aged children and youth
22

 as well as children of the early years.
23

 Within these 

guidelines there are specific recommendations regarding types of sedentary behaviour that 

are screen-based. For school-aged children and youth no more than 2 hours/day of 

recreational screen time is recommended.
22

 National data from 2001/02 indicates that 34.0% 

of boys and 41.0% of girls aged 10-16 years met this recommendation in terms of television 

viewing and 14.0% of boys and 18.0% of girls met this recommendation in terms of 

television and computer use combined.
19

 Furthermore, national data from 2005/06 in the 

same age group indicates that 10.0% of boys and girls met this recommendation in terms of 

television, computer, and video game use combined.
24

 For children in the early years no 

screen time is recommended for children under 2 years and under 1 hour/day is 

recommended for children 2-4 years.
23

 However, it is unknown how many Canadian children 

are currently meeting these recommendations. 
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2.3.2 Overall Volume of Sedentary Behaviour 

The overall volume of sedentary behaviour has recently been quantified among 

representative samples of Canadians
1
 and Americans

25
using small electronic motion sensors 

called accelerometers. For the Canadian sample, 6- to 10-year-olds spent 7.4 hours (7.4 for 

males and females), 11- to 14-year-olds spent 8.8 hours (8.7 for males and 8.8 for females), 

and 15- to19-year-olds spent 9.5 hours (9.2 for males and 9.7 for females) per average day 

engaging in sedentary behaviour.
1
 For the American sample, 6- to 11-year-olds spent 6.1 

hours (6.0 for males and 6.1 for females), 12- to 15-year-olds spent 7.6 hours (7.4 for males 

and 7.7 for females), and 16- to 19-year-olds spent 8.0 hours (7.9 for males and 8.1 for 

females) per average day engaging in sedentary behaviour.
25

 Emerging evidence indicates 

pre-school children (aged ≥ 3 years) are also spending a large portion (73.0 to 83.9%) of their 

waking hours being sedentary.
26, 27

 

2.3.3 Patterns of Sedentary Behaviour 

To date, only one study in a small sample of 15- to 18-year-olds (n=111) has 

described the bouts and breaks of sedentary behaviour among young people.
28

 The average 

number of sedentary bouts per day, defined as a period longer than 15 seconds, was 51 (53 

for weekdays and 49 for weekend days) and the average length of the sedentary bouts was 

9.3 minutes (9.8 for weekdays and 8.8 for weekend days).
28

 Furthermore, the average 

number of breaks in sedentary behaviour per day, defined as a period longer than 15 seconds 

that was not sedentary, was 53 (55 for weekdays and 50 for weekend days) and the average 

length of the break was 6.6 minutes (6.5 for weekdays and 6.7 for weekend days).
28
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2.4 Sedentary Behaviour and Health Outcomes 

A growing body of evidence suggests that sedentary behaviour negatively influences 

both psychosocial and physical health outcomes in young people. In terms of psychosocial 

health outcomes, television viewing has been linked to moderate decreases in self-esteem, 

quality of life, and academic achievement as well as moderate increases in physical 

aggression and risky behaviours among school-aged children and youth.
29, 30

 Television 

viewing has also been linked to moderate delays in cognitive development and language 

acquisition as well as moderate increases in attention problems among pre-school children.
31

 

However, the predominant focus of the literature, as well as this thesis, is the relationship 

between sedentary behaviour (i.e., types, overall volume, patterns) and physical health 

outcomes such as overweight, obesity, and other cardio-metabolic risk factors. 

To date, overweight and obesity have been the most common health outcomes 

examined in the sedentary behaviour literature.
4, 29

 This is likely due to the ease in obtaining 

overweight and obesity measures (e.g., height and weight measurements)
32

 as well as the 

increasing prevalence of overweight and obesity among young people, which has been 

identified as a global public health issue.
33

 For example, the prevalence of overweight and 

obesity in Canadian school-aged children and youth has climbed from 14.0% to 31.0% in 

girls and from 14.0% to 25.0% in boys over the past three decades.
34

 Overweight and obesity 

are also quite prevalent in pre-school children; for instance, one in five children aged 2-5 

years are currently overweight or obese in Canada.
35

  

In addition to overweight and obesity, other cardio-metabolic risk factors are 

becoming more prevalent among young people.
12

 For example, national data indicates that 

more than 50% of young people in the United States currently have at least one cardio-
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metabolic risk factor.
12, 36

 The increasing prevalence of overweight, obesity, and other cardio-

metabolic risk factors among young people is concerning due to the several immediate and 

long-term health and economic consequences.
37

 
38

 Table 2 on the next page summarizes the 

available evidence from a series of reviews on the relationship between the three components 

of sedentary behaviour with overweight, obesity, and other cardio-metabolic risk factors 

among young people. These relations are further described in section 2.4.1 to 2.4.3. 

  



15 

Table 2. Relationship between sedentary behaviour, overweight, obesity, and other cardio-metabolic risk factors 

 Pre-school Children  School-aged Children and Youth 

Sedentary Behaviour # of Studies
a
 Strength

b
 Consistency

c
  # of Studies

a
 Strength

b
 Consistency

c
 

Television        

  Overweight and obesity 21 †† +  135 †† + 

  Other cardio-metabolic risk factors 0 N/A N/A  6 † ? 

Computer        

  Overweight and obesity 3 † N/A  17 † ? 

  Other cardio-metabolic risk factors 0 N/A N/A  1 † N/A 

Video Games        

  Overweight and obesity 0 N/A N/A  15 † ? 

  Other cardio-metabolic risk factors 0 N/A N/A  0 N/A N/A 

Overall Volume        

  Overweight and obesity 0 N/A N/A  9 † / 

  Other cardio-metabolic risk factors 0 N/A N/A  4 † + 

N/A = not applicable. 
a
Number (#) of studies: includes studies published up to December, 2011. 

b
Strength of association: † weak association (e.g., odds ratio <1.5); †† moderate association (e.g., odds ratio 1.5 to 3.0); ††† strong association  (e.g., odds ratio 

>3.0).
39

 Note: strength was assessed regardless if the relationship was statistically significant. 
c
Consistency of association: / no association (0-33% studies supporting association); ? inconsistent association (34-59% studies supporting association); + 

consistent positive association; - consistent negative association (60-100% studies supporting association).
17, 40

 Note: consistency was based on statistical 

significance (P≤0.05) and was only assessed when there was ≥4 studies.
17
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2.4.1 Types of Sedentary Behaviour 

 

2.4.1.1 Overweight and Obesity 

 

The relationship between television viewing, overweight, and obesity has been 

extensively studied in young people (see Table 2). A total of 125 observational (103 cross-

sectional and 22 prospective cohort) and 10 experimental studies (5 randomized control 

trials) have examined this relationship in school-aged children and youth.
6, 29, 41, 42

 

Furthermore, a total of 21 studies (20 observational and 1 experimental) have examined this 

relationship in pre-school children.
6, 41-43

 These studies employed various measures of 

overweight and obesity including age- and gender-specific body mass index (BMI) values, 

waist circumference, sum of skin folds, and percent body fat.
29

 

The observational studies in school-aged children and youth and pre-school children 

tended to report weak to moderate associations between television viewing, overweight, and 

obesity, with approximately 70% being significant positive relationships.
6, 29, 41, 42

 For 

example, the median odds ratio for overweight/obesity in the highest viewing group 

compared to the lowest viewing group was 1.70 across approximately 40 studies in school-

aged children and youth. Similarly, the median odds ratio was 1.55 across approximately 9 

studies in pre-school children. Furthermore, a meta-analysis published in 2004 reported small 

effects (r = 0.08) for primarily cross-sectional studies examining the relationship between 

television viewing, overweight, and obesity among 3- to 17-year-olds.
42

  

Of the 10 experimental studies among school-age children and youth, 9 reported 

significant decreases in the overweight and obesity measure with subsequent decreases in 

television viewing.
29

 According to a recent meta-analysis, the decreases found in the 

randomized control trials were moderate in size (mean difference = -0.89 kg/m
2
).

29
 However, 



17 

a significant change in BMI was not observed in the one experimental study among pre-

school children.
41

  

Compared to television viewing, fewer studies in young people have independently 

examined the relationships between computer and video game use with overweight and 

obesity (see Table 2).
6, 29, 41, 42

 These primarily cross-sectional studies have reported mostly 

weak associations. For example, small effects (r = 0.07) were reported in a meta-analysis 

among 3- to 17-year-olds.
42

 Furthermore, among school-aged children and youth the results 

were inconsistent with approximately 50% of studies reporting significant positive 

associations for both computer and video games.
41

 Consistently could not be assessed in pre-

school children due to the limited available evidence. 

2.4.1.2 Other Cardio-metabolic Risk Factors 

While the relationship between television viewing, overweight, and obesity has been 

extensively studied, only six cross-sectional studies, all in school-aged children and youth, 

have examined the independent associations between television viewing and other cardio-

metabolic risk factors (see Table 2).
44-49

 Furthermore, one study also examined the impact of 

non-television types of sedentary behaviour, specifically computer use, on these risk 

factors.
47

 For television viewing, triglycerides, total cholesterol, high density lipoprotein 

(HDL)-cholesterol, glucose, insulin, and blood pressure were the primarily risk factors 

examined. However, regardless of the risk factor considered, inconsistent and primarily weak 

associations were observed.
44, 47, 49

  

Three studies found no association between television or computer use with various 

risk factors such as triglycerides, total cholesterol, HDL-cholesterol, glucose, insulin, 

diastolic blood pressure, and systolic blood pressure.
45, 46, 48

 Similar relationships were seen 
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in a fourth study for triglycerides, total cholesterol, HDL-cholesterol, low density lipoprotein 

(LDL)-cholesterol, lipoprotein(a), and apoliprotein-B100.
44

 Conversely, this study found 

significant mean differences in HDL-cholesterol (3.1 mg/dl), glucose (3.5 mg/dl), and 

apoliprotein-A1 (5.0 mg/dl) between low (≤3 hours/day) and high (>3 hours/day) television 

viewing groups.
44

 Finally, television viewing was significantly associated with diastolic and 

systolic blood pressure in two studies,
47, 49

 with beta coefficients in the range of 0.25 to 0.35 

for a 1 hour/day increase in television viewing.
49

 

Along with the investigation of individual cardio-metabolic risk factors, two out of 

the six studies examined the relationship between television viewing and a clustered cardio-

metabolic risk score.
44, 45

 One study reported a significant relationship that was moderate in 

magnitude. More specifically, a 0.9 standard deviation difference in the cardio-metabolic risk 

score between low (≤ 3 hours/day) and high (> 3 hours/day) television viewing groups was 

observed.
44

 Conversely, an association was not observed between clustered cardio-metabolic 

risk factors and excessive television viewing among 9- to 10- and 15- to 16-year-olds.
45

 

2.4.1.3 Summary 

Available evidence indicates that weak to moderate associations have consistently 

been observed between television viewing, overweight, and obesity among young people. 

However, it is important to note that gaps in the literature and limitations within the existing 

literature limit the ability to make robust conclusions regarding the impact of television and 

other types of sedentary behaviour on overweight, obesity, and other cardio-metabolic risk 

factors. One limitation that is consistent across all the relationships examined is the lack of 

adjustment for key confounders such as MVPA and diet.
42, 50

 For example, only two studies 

examining the relationship between types of sedentary behaviour and other cardio-metabolic 
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risk factors adjusted for MVPA and diet.
45, 46

 As a result, it is unknown if a third variable is 

distorting the association between types of sedentary behaviour (e.g., television viewing) 

with overweight, obesity, and other cardio-metabolic risk factors.
51

 Furthermore, evidence is 

largely based on cross-sectional studies, which limits the ability to make causal inferences 

regarding the observed associations.
51

 

Additionally, there are several gaps in the literature such as the dearth of information 

regarding pre-school children, other cardio-metabolic risk factors, and non-television types of 

sedentary behaviour.
41, 43

 Thus, future research is needed across age groups that examine the 

relationship between types of sedentary behaviour with overweight, obesity, and other 

cardio-metabolic risk factors. These studies should measure and adjust for key confounders 

as well as consider various types of sedentary behaviour. 

2.4.2 Overall Volume of Sedentary Behaviour 

The current literature examining the relationship between types of sedentary 

behaviour and physical health outcomes has primarily focused on television, computer, and 

video game use.
25

 While these three types of sedentary behaviours are quite prevalent in 

young people,
18

 they only make up a portion of time spent engaging in sedentary behaviour 

for a given day.
25

 Therefore, it is also important to understand the cumulative effects of all 

types of sedentary behaviour on health.
25

 Due to technological advances in the measurement 

of sedentary behaviour it is now possible to consider overall volume of sedentary behaviour 

instead of using a proxy measure such as total screen time.
52

  

2.4.2.1 Overweight and Obesity 

Nine observational studies (eight cross-sectional), all in school-aged children and 

youth, have examined the impact of overall volume of sedentary behaviour on overweight 
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and obesity (see Table 2).
53-61

 Five out of the nine studies did not observe an association 

between overall volume of sedentary behaviour with overweight and obesity.
53-55, 57, 61

 Two 

studies reported significant but small positive associations for unadjusted models; however, 

these associations were attenuated in models adjusted for MVPA and other confounders.
58, 59

 

Significant positive associations between overall volume of sedentary behaviour, overweight, 

and obesity were reported for the two remaining studies. 
56,60

 However, only one of the 

studies observed an association that was moderate in size (r = 0.36-0.54).
56

 Furthermore, 

both studies did not adjust for MVPA. In fact, only two out of the nine studies adjusted for 

MVPA and diet.
58,59 

2.4.2.2 Other Cardio-metabolic Risk Factors 

A total of four cross-sectional studies, all in school-aged children and youth, have 

examined the relationship between overall volume of sedentary behaviour and other cardio-

metabolic risk factors (see Table 2).
44, 47, 55, 62

 The main risk factors examined were similar to 

television viewing and the associations between overall volume of sedentary behaviour and 

these risk factors were weak to moderate.  

One of the four studies did not observe an association between overall volume of 

sedentary behaviour, diastolic blood pressure, and systolic blood pressure.
47

 Similar 

relationships were seen in a second study for total cholesterol, HDL-cholesterol, LDL-

cholesterol, mean blood pressure, apoliprotein-A1, and apoliprotein-B100.
44

 Conversely, this 

study found significant mean differences that were moderate in magnitude for triglycerides, 

glucose, and systolic blood pressure across tertiles of sedentary behaviour.
44

 For example, the 

mean systolic blood pressure was 123.1 mmHg in the low sedentary group, 124.5 mmHg in 

the medium group, and 129.3 mmHg in the high group.
44

 Finally, two studies found 
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significant associations between triglycerides, HDL-cholesterol, glucose, insulin, diastolic 

blood pressure, and systolic blood pressure.
55, 62

 Beta coefficients for the associations were 

weak to moderate in magnitude ranging from 0.002 to 0.14 for a 1% increase in the time 

spent engaging in sedentary behaviour.
55

 

The impact of overall volume of sedentary behaviour on a clustered cardio-metabolic 

risk score was also examined in two out of the four studies.
44, 55

 Both of the studies observed 

significant associations that were small in magnitude.
44, 55

 For example, a 1% increase in 

daily sedentary behaviour time was associated with a 0.05 increase in the clustered cardio-

metabolic risk z-score among 9- to 10- and 15- to16-year-olds.
55

  Again, it is important to 

note that none of the four studies examining the association between overall volume of 

sedentary behaviour and other cardio-metabolic risk factors adjusted for MVPA or diet.  

2.4.2.3 Summary 

Available evidence indicates that weak associations have consistently been observed 

between overall volume of sedentary behaviour and other cardio-metabolic risk factors 

among school-aged children and youth. However, many of the gaps and limitations 

previously mentioned for types of sedentary behaviour also apply for overall volume of 

sedentary behaviour. As a result, it is also difficult to make robust conclusions regarding the 

impact of overall volume of sedentary behaviour on overweight, obesity, and other cardio-

metabolic risk factors. Therefore, further research is also needed across age groups that 

examines the independent effects of overall volume of sedentary behaviour on these various 

risk factors. 

 

 



22 

2.4.3 Patterns of Sedentary Behaviour 

 The negative impact of prolonged bouts of sedentary behaviour on HDL-cholesterol, 

insulin sensitivity, and triglyceride levels has been observed in bed rest studies among 

healthy adults.
63-66

 Furthermore, emerging research in adults indicates that the frequency in 

breaks of sedentary behaviour may influence obesity and other cardio-metabolic risk 

factors.
7, 67

 For example, a cross-sectional study of 168 Australian adults observed significant 

negative associations between frequency of breaks in sedentary behaviour and waist 

circumference, body mass index, triglycerides, and glucose levels.
7
 These associations, 

which were moderate in magnitude, were independent of MVPA and the overall volume of 

sedentary behaviour.
7
 Similar relationships were observed with waist circumference and C-

reactive protein in a large representative sample of American adults.
67

  

Among young people, no published study has examined the association between 

patterns of sedentary behaviour with overweight, obesity, or other cardio-metabolic risk 

factors. Therefore, it is unknown at this time whether these physical health outcomes would 

differ between two young people that engage in the same volume of sedentary behaviour but 

accumulate the volume differently (i.e., long bouts versus shorter bouts broken up with 

breaks). Consequently, future research is needed to determine whether patterns of sedentary 

behaviour have health implications in this age group. 

2.4.4 Sedentary Behaviour and Physical Health Outcomes: Potential Mechanisms 

Several potential mechanisms have been posited, especially for television viewing , to 

explain the relationship between sedentary behaviour and obesity among young people.
68

 For 

example, an increase in energy intake through exposure to junk food advertising,
69, 70

 

between meal-snacking,
71

 or increased consumption of energy-dense foods and drinks
72

 has 
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been postulated. Additionally, a decrease in energy expenditure through a reduction in 

movement or resting metabolic rate 
68, 73, 74

 has also been proposed.  

Only one study has formally tested the potential mediating effects of energy intake on 

the relationship between television viewing and obesity.
71

 This longitudinal study observed 

significant positive regression coefficients that were moderate in magnitude (~0.28) between 

the paths of television viewing, snacking frequency, fat from snacks, and change in BMI 

among girls from overweight families. In other words, as television viewing increased so did 

snacking frequency and as snacking frequency increased so did fat from snacks, which was 

associated with an increase in BMI from age 5-9 years.
71

 However, the findings of this study 

should be interrupted with caution because of the small homogenous sample of girls (n = 

173), which limits generalizability.  

Similar to energy intake, only a single study has formally tested the mediating effects 

of energy expenditure on the relationship between television viewing and obesity in young 

people.
75

 This study reported a significant positive relationship between television viewing 

and fat mass that was moderate in magnitude. More specifically, for every 1 hour increase in 

television viewing per day, body fatness increased by 1.1 kg among 2- to 6-year-olds.
75

 

However, total physical activity (light, moderate, and vigorous) or total energy expenditure 

did not mediate this relationship.
75

 Therefore, due to the limited evidence and limitations 

within the existing literature, future research is needed to support what has frequently been 

posited in the literature regarding the pathways between television viewing and obesity. 

Emerging laboratory research suggests that the reduction in skeletal muscle 

lipoprotein lipase (LPL) may explain the relationship between sedentary behaviour and other 

cardio-metabolic risk factors.
76

 LPL is a protein that facilitates triglyceride uptake into 
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muscle tissue and HDL-cholesterol production;
77, 78

 therefore, low levels of LPL are 

associated with increased levels of triglycerides and reduced levels of HDL-cholesterol.
76

  

The relationships between sedentary behaviour, LPL activity, triglycerides, and HDL-

cholesterol were examined by Bey and Hamilton using a hindlimb loading technique in 

rats.
78

 This technique prevented weight-bearing activity in the hind legs of the rats, which 

allowed the researchers to tightly control the sedentary behaviour exposure.
5, 78

 Bey and 

Hamilton reported that LPL activity started to decrease after only 4 hours of sedentary 

behaviour and after 12 hours of sedentary behaviour LPL activity was reduced by more than 

60%.
76, 78

 Subsequent increases in triglycerides and decreases in HDL-cholesterol were also 

reported.  

Interestingly, further research in the area of LPL activity has shown that the cellular 

processes explaining the relationship between LPL activity and sedentary behaviour are 

distinct from the processes explaining the relationship between LPL activity and MVPA.
76

 

This supports the argument that sedentary behaviour is not simply the absence of MVPA. 

Although similar relationships between sedentary behaviour, LPL activity, triglycerides, and 

HDL-cholesterol have been observed in healthy adults after 20 days of best rest,
66

 further 

research is needed to explore these pathways in free-living situations where bouts of 

sedentary behaviour will be shorter. 

 

2.5 Determinants of Sedentary Behaviour 

Behaviour theories and models provide a systematic framework for identifying the 

key factors to target for interventions.
79, 80

 The ecological framework has been the most 

commonly used theoretical approach out of the limited studies that have employed a 
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behavioural theory or model to examine the factors that influence sedentary behaviour in 

young people.
81-87

 The basic premise of the ecological framework is that behaviour is 

simultaneously influenced by a wide range of factors at multiple levels including 

intrapersonal, interpersonal, environment, and policy.
88

 Thus, a unique aspect of the 

ecological framework is the inclusion of influences beyond the intrapersonal and 

interpersonal levels.
88

 

A variety of broad ecological models have been developed based on the general 

principles of the ecological framework;
89, 90

 however, behaviour-specific models are thought 

to be more useful.
88

 Sedentary behaviour has been a focus of two ecological models 

including Davison and Birch’s Ecological Model of Predictors of Childhood Overweight
91

 

and Owen and colleagues’ recent Ecologic Model of Sedentary Behaviour.
15

  

The Ecological Model of Predictors of Child Overweight, which is based on the 

Ecological Systems Theory, postulates that a young person’s context or ecological niche 

must be considered in order to understand their sedentary behaviour habits.
91

 The basic 

premise is that a child’s sedentary behaviour habits are influenced by the interactions 

between the child’s individual characteristics (i.e., age, gender), immediate context (i.e., 

family/school), and larger social context (i.e., community/neighbourhood).
91

 In addition to 

sedentary behaviour, this model also applies to dietary intake and physical activity habits.
91

  

The Ecologic Model of Sedentary Behaviour, which was adapted from an Ecologic 

Model of Physical Activity, applies specifically to sedentary behaviour across various age-

groups.
15

 Consistent with other ecological models, this model postulates that sedentary 

behaviour is influenced by factors at multiple levels. However, according to this model, these 

factors are specific to the setting where the sedentary behaviour occurs. For example, the 
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factors that influence sedentary behaviour in young people would likely be different in a 

home versus school/daycare setting. Thus, understanding the setting-specific multi-level 

factors that influence sedentary behaviour will likely enable more successful interventions to 

be developed.
15

 Since broad ecological models have commonly been used when examining 

the factors that influence sedentary behaviour in young people,
89, 90

 the Ecological Model of 

Predictors of Child Overweight and the Ecologic Model of Sedentary Behaviour show 

promise for expanding the evidence base in this area.   

With that being said, the current evidence base for the multi-level factors that 

influence sedentary behaviour among young people is limited. While a number of factors 

have been examined across different age-groups, only a limited number have been examined 

frequently enough to draw conclusions about their influence.
16, 17, 92-94

 Furthermore, the 

available evidence is predominantly cross-sectional in nature with a primary focus on 

television viewing.
93

 Tables 3 and 4 on the next two pages summarize the potential 

individual, social, and environmental influences of television and computer use that have 

been examined in ≥4 studies among young people in a series of reviews. These relations are 

further described in section 2.5.1 to 2.5.3. Summaries are not provided for video game use, 

non-screen based types of sedentary behaviour, or overall volume of sedentary behaviour 

because evidence does not exist for ≥4 studies for any factor. 
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Table 3. The influence of multi-level factors on television viewing 

 Pre-school Children  School-aged Children and Youth 

Factor #  of Studies
a
 Strength

b
 Consistency

c
  # of Studies

a
 Strength

b
 Consistency

c
 

Intrapersonal        

  Age 22 † +  32 † / 

  Gender (male) 32 † /  39 † ? 

  Ethnicity (non-white) 18 †† +  20 †† + 

  Day of the week (weekend) 3 † N/A  8 † + 

Interpersonal        

  Family socioeconomic status 21 † -  33 † ? 

  Parental age 6 † -  2 † N/A 

  Marital status (single) 8 † ?  8 † ? 

  Parental bodyweight 5 † +  2 † N/A 

  Maternal depressive symptoms 6 † +  0 N/A N/A 

  Parental television rules 3 † N/A  9 †† - 

  Parental television viewing 4 † +  10 †† + 

Environment        

  Television in bedroom (yes) 5 †† +  16 † + 

  Number of televisions in the home 2 † N/A  10 † / 

  Neighbourhood safety 3 †† N/A  4 † - 

  Urban-rural residence (urban) 1 †† N/A  7 † ? 

N/A = not applicable. 
a
Number (#) of studies: includes studies published up to December, 2011. 

b
Strength of association: † weak association (e.g., odds ratio <1.5); †† moderate association (e.g., odds ratio 1.5 to 3.0); ††† strong association  (e.g., >3.0).

39
  

Note: strength was assessed regardless if the relationship was statistically significant. 
c
Consistency of association: / no association (0-33% significant relationships); ? inconsistent association (34-59% significant relationships); + consistent 

positive association; - consistent negative association (60-100% significant relationships).
17, 40

 Note: consistency was based on statistical significance (P≤0.05) 

and was only assessed when there was ≥4 studies.
17
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Table 4. The influence of intrapersonal and interpersonal factors on computer use 

 Pre-school Children  School-aged Children and Youth 

Factor #  of Studies
a
 Strength

b
 Consistency

c
  # of Studies

a
 Strength

b
 Consistency

c
 

Intrapersonal        

  Age 5 †† +  5 † ? 

  Gender (male) 6 † /  7 † + 

  Ethnicity (non-white) 4 † ?  3 † N/A 

Interpersonal        

  Family socioeconomic status 5 † ?  4 † / 

N/A = not applicable. 
a
Number (#) of studies: includes studies published up to December, 2011. 

b
Strength of association: † weak association (e.g., odds ratio <1.5); †† moderate association (e.g., odds ratio 1.5 to 3.0); ††† strong association  (e.g., >3.0).

39
  

Note: strength was assessed regardless if the relationship was statistically significant. 
c
Consistency of assocation: / no association (0-33% significant relationships); ? inconsistent association (34-59% significant relationships); + consistent positive 

association; - consistent negative association (60-100% significant relationships).
17, 40

 Note: consistency was based on statistical significance (P≤0.05) and was 

only assessed when there was ≥4 studies.
17
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2.5.1 Intrapersonal Level 

 

 Several studies have examined the independent association between age, gender, 

ethnicity, and television viewing among young people (see Table 3).
16, 17, 92-94

 Furthermore, a 

handful of studies have examined the influence of day of the week on television viewing.
17, 

92, 93
 Studies in both school-aged children and youth as well as pre-school children tended to 

report moderate associations between ethnicity (being non-Caucasian) and television 

viewing, with approximately 70% being significant positive relationships for both age 

groups.
16, 17, 92-94

 For example, in a nationally representative sample of 8- to18-year-old 

Americans, Black and Hispanic participants watched approximately 2 hours/day more 

television then Caucasian participants.
18

 Significant positive associations were also 

consistently observed between day of the week (weekend) and television viewing among 

school-aged children and youth as well as age and television viewing among pre-school 

children.
17, 92, 93

 However, these associations tended to be weak in magnitude.
17, 92, 93

  

 The associations between age, gender, ethnicity, and computer use have also been 

examined in ≥4 studies among young people (see Table 4).
17, 92, 94

 These studies tended to 

report weak associations, with the exception of age for pre-school children, where moderate 

associations were primarily observed.
17, 92

 Significant positive associations were consistently 

found between gender (being male) and computer use among school-aged children and youth 

as well as age and computer use among pre-school children.
17, 92, 94

 For example, the odds of 

having used a computer increased with age (odds ratio = 1.96) among a random sample of 

approximately 1000 children aged 6 months to 6 years.
95
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2.5.2 Interpersonal Level 

 A number of potential interpersonal influences of television viewing among young 

people were examined in ≥4 studies including family socioeconomic status, parental age, 

marital status, parental bodyweight, maternal depressive symptoms, parental television rules, 

and parental television viewing habits (see Table 3).
16, 17, 92-94

 The association between family 

socioeconomic status and television viewing was the most frequently examined factor, with 

primarily weak associations being reported in both age groups.
16, 17, 92-94

 Significant negative 

associations were consistently observed among pre-school children.
17, 92

 For example, in a 

nationally representative sample of American children aged 6 months to 6 years, those that 

had a parent with a ≤ grade 8 education watched approximately 25 more mins/day of 

television compared to children whose parent had a college or postgraduate degree.
96

 

 Similar to family socioeconomic status, the majority of the interpersonal factors were 

weakly associated with television viewing.
16, 17, 92-94

 The only exceptions were parental 

television rules and parental television viewing among school-aged children and youth, 

which reported primarily moderate associations.
16, 17, 92-94

 Several of these factors were 

consistently associated with television viewing. For example, significant positive 

associations were consistently observed for parental television viewing, parental bodyweight 

(among pre-school), and maternal depressive symptoms (among pre-school).
16, 17, 92-94

 

Additionally, significant negative associations were consistently observed for parental 

television rules (among school-aged) and parental age (among pre-school).
16, 17, 92-94

 

 The association between family socioeconomic status and computer use has also been 

examined in ≥4 studies among young people (see Table 4).
17, 92, 94

 However, these studies 
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tended to report weak associations and consistent findings were not observed in either age 

group.
17, 92, 94

 

2.5.3 Environmental Level 

A total of 4 environmental influences on television viewing were examined in ≥4 

studies among young people including television in the bedroom, number of televisions in 

the home, neighbourhood safety, and urban-rural residence (see Table 3).
16, 17, 92-94

 Studies 

among school-aged children and youth tended to report weak associations; whereas, studies 

among pre-school children tended to report moderate associations.
16, 17, 92-94

 However, 

television in the bedroom was the only factor examined ≥4 times among pre-school 

children.
17, 92

 Significant positive associations were consistently observed between having a 

television in the bedroom and television viewing among both age groups.
17, 92-94

 For example, 

in a sample of over 2000 children aged 1-4 years, participants with a television in their 

bedroom watched 4.6 hours/week more television compared to participants without a 

television in their bedroom.
97

 Among school-aged children and youth, a significant negative 

association was also consistently observed between neighbourhood safety and television 

viewing.
94

 

2.5.4 Summary 

Available evidence indicates that weak to moderate associations have consistently 

been observed between ethnicity, parental television viewing, and television in the bedroom 

with television viewing across age groups.
16, 17, 92-94

 However, conclusions cannot be made 

regarding many other potentially important factors because they have been examined too 

infrequently or the available evidence is inconsistent.
16, 17, 92

 Furthermore, little is known 

about the factors that influence non-television types of sedentary behaviour as well as the 
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overall volume of sedentary behaviour.
17, 92, 94

 Therefore, further research is needed that 

examines the multi-level factors that influence all types of sedentary behaviour and the 

overall volume of sedentary behaviour across age groups. In order to develop future theory-

driven interventions aimed at reducing sedentary behaviour among young people this 

research should be guided by a behavioural theory or model, such as the sedentary 

behaviour-specific ecological models discussed earlier. 

 

2.6 Measurement of Sedentary Behaviour 

The development and use of reliable and valid measures of movement is an important 

methodological consideration across the entire breadth and scope of physical activity 

epidemiology research.
3
 While the measurement of sedentary behaviour is evolving, it is still 

considered to be in the early stages in comparison to the measurement of MVPA.
2
 Similar to 

MVPA, sedentary behaviour can be measured both subjectively and objectively.
98

 

2.6.1 Subjective Measurement 

Sedentary behaviour among young people has traditionally been measured 

subjectively. For example, self-report and/or proxy-report survey questions were used in 88 

out of the 98 (90%) studies included in a systematic review examining the measurement of 

television viewing when predicting overweight in young people.
99

 In addition, eight of the 

studies in the review used a self-report or proxy-report diary or log.
99

 Of the 88 studies that 

used survey questions, most were self-administered (81%), had participants recall a typical 

day, week, or month (66%), and had open-ended responses (60%). Conversely, only 36% 

asked separate questions regarding weekday and weekend viewing.
99
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The systematic review also reported that only 22% of the 96 studies that used 

subjective measures of television viewing assessed the reliability and/or validity of the 

measure. Assessments of reliability showed moderate to strong correlations for test-retest 

reliability ranging from r = 0.25 (2 weeks apart) to 0.98 (1 hour apart). Assessments of 

criterion validity showed weak to strong correlations ranging from r = 0.07 to 0.86 when 

direct observation (in-person or video-taped) was used as the criterion.
99

 
99

 However, a 

stronger correlation for criterion validity was observed with a viewing diary (r=0.86) 

compared to survey questions (r = 0.07 to 0.39).
99

 Additionally, moderate correlations 

ranging from r = 0.37 to 0.50 were reported for concurrent validity, where two self-report or 

proxy-report measures (e.g., survey vs. diary) were compared.  

While the reliability and validity of available subjective measures of television 

viewing is quite variable, they are comparative to subjective measures of physical activity.
100

 

Conversely, little is known about the accuracy of subjective measures of non-television types 

of sedentary behaviour, such as video game and computer use.
5
 However, the reliability and 

validity coefficients for subjective measures of screen time  (television + computer + video 

games) appear to be of similar magnitude and range as television viewing only measures.
98

  

2.6.2. Objective Measurement 

Although subjective measures of sedentary behaviour have low participant burden 

and are generally cost- and time-efficient, they are also prone to recall and social desirability 

bias.
51

 Depending on the specific study, these biases can result in an overestimation or 

underestimation of the true associations between sedentary behaviour and other variables.
51

 

Conversely, objective measures are believed to provide more accurate estimates of sedentary 

behaviour because they are less prone to these biases.
101

 Direct observation is one objective 
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measurement technique that has been used in a limited number of small studies to measure 

television viewing
99

 and overall sedentary behaviour (i.e., all sitting activities).
98

 While this 

measurement technique has shown strong correlations for inter-rater reliability (r = 0.90 to 

0.99), it is highly labour-intensive, intrusive, and not feasible for larger studies.
50, 98, 99

 

Alternatively, recent technological advances have introduced a device called an 

accelerometer, which can objectively measure sedentary- to vigorous-intensity activities over 

several days.
5, 52

  

Accelerometers are small electronic motion sensors, typically worn on the hip, that 

continuously measure the intensity of body accelerations.
102, 103

 These accelerations are 

recorded in counts over user-specified intervals or epochs (e.g. 15 seconds, 30 seconds, 1 

minute), with higher counts representing greater accelerations and more intense 

movement.
102-104

  Since accelerometers provide date- and time-stamped electronic 

information on the amount, frequency, intensity, and duration of movement,
5, 102

 they enable 

researchers to examine total volume and patterns of sedentary behaviour in free-living 

situations over extended periods of time (e.g., 10080 consecutive minutes measured over 7 

days).  

While accelerometers have many advantages over other measures of sedentary 

behaviour, they still have some limitations. For instance, accelerometers may not be sensitive 

enough to distinguish between sitting and standing still.
5, 98, 104

 This is problematic because 

emerging research suggests that standing may have positive influences on cardio-metabolic 

risk factors.
76, 78

 Additionally, accelerometers are not able to provide contextual information 

regarding the type of sedentary behaviour being performed;
5, 98, 104

 thus, subjective measures 

are often used to obtain this information.
52
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In addition to the inherent limitations of accelerometers, there are several 

methodological issues regarding data collection, data reduction, and data analysis that can 

impact the accuracy of the sedentary behaviour measure and the comparability of findings 

across studies.
52, 104, 105

 Issues surrounding wear time (e.g., how long the accelerometer needs 

to be worn) and intensity cut-points (e.g., what count distinguishes sedentary behaviour from 

light-intensity activity) are of particular importance.
104

 A minimum wear time, in terms of 

hours/day and number of days, is required to ensure that sedentary behaviour is accurately 

depicted.
104, 105

 Recent recommendations indicate that the optimal requirements for minimum 

wear time include 10 hours/day for the minimum daily wear time
105, 106

 and 4 days, including 

one weekend day, for the  minimum number of days.
107

  

In order to calculate minimum wear time requirements, wear time must first be 

defined. This is challenging because zero counts can mean a participant is not moving (i.e., 

sedentary) but still wearing the accelerometer or that the accelerometer is not being worn.
105, 

106
 In population-based studies, wear time is usually defined by algorithms that identify and 

remove long periods (i.e., 10-60 minutes) of consecutive zero counts, sometimes allowing for 

limited counts within these periods.
104, 105, 108

 However, for young people in particular, there 

is a lack of consensus on the best algorithm.
106, 109

 This is problematic because the choice of 

algorithm can influence the amount of data lost
105, 108

 and the amount of time classified as 

sedentary behaviour.
108

 Furthermore, one study suggests that even if an algorithm was 

identified that correctly classified every minute of wear time, sedentary behaviour may still 

be underestimated because participants often remove their accelerometers in the evening 

while engaging in sedentary activities.
110
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 Along with wear time, issues surrounding intensity cut-points are also important to 

consider when measuring sedentary behaviour with an accelerometer. Since accelerometry 

counts are unit-less and differ between brands of accelerometers, cut-points are used to 

distinguish time spent in sedentary behaviour and different intensities of physical activity.
52, 

109
 However, there is currently substantial variance in the literature regarding the cut-points 

used to define these different intensities.
52

 The three most commonly used cut-points for 

sedentary behaviour among young people are <100, <800, and <1100 counts per minute. 

However, when these cut-points were applied to the same data set, statistically and 

biologically significant differences were found ranging in magnitude of 53 mins/day (<800 

vs. <1100 counts per minute) to 321 mins/day (<100 vs. <1100 counts per minute).
52

  

Even though the measurement in sedentary behaviour has advanced through the 

introduction of accelerometers, the measurement error introduced by the current limitations 

and methodological issues must be acknowledged. Specifically, this error may influence the 

associations observed between sedentary behaviour and other variables.
108

 However, the 

technology for measuring movement is constantly evolving; as a result, more-sophisticated 

instruments are being developed that can potentially reduce measurement error.
104

 For 

example, the  ActivPAL inclinometer has recently been designed to objectively measure time 

spent in different postures (e.g., sitting/lying, standing, and stepping).
111

 Therefore, this 

device can clearly differentiate between sitting and standing still.
111, 112

 Furthermore, the 

ActivPAL may minimize some issues related  to wear time because it can be waterproofed 

and worn comfortably while sleeping.
113

 Additionally, since posture is classified using 

proprietary algorithms, cut-points are not required to distinguish time spent in sedentary 
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behaviour (sitting/lying).
113

 Consequently, information about the ActivPAL and other new 

devices will likely provide further insight about sedentary behaviour in the future. 

 

2.7 Summary 

Sedentary behaviour is increasingly being recognized as an important area of study in 

physical activity epidemiology. However, a number of gaps and limitations currently exist 

within the available literature; as a result, several important questions remain among young 

people. This is especially true in terms of the impact of sedentary behaviour on obesity and 

other cardio-metabolic risk factors as well as the influence that several multi-level factors 

have on sedentary behaviour. The research studies in the next six chapters will address some 

of the important unanswered questions that currently exist in an effort to provide further 

insight into this behaviour. 

Findings from these studies may have important implications for the public health 

sector, the scientific community, and society as a whole. For example, the knowledge gained 

from these findings may help the public health sector and scientific community in designing 

evidence-based interventions as well as updating national guidelines regarding the three 

components of sedentary behaviour. Furthermore, these findings will likely inform other 

research in this area among the scientific community. Finally, these findings may help 

transfer knowledge to the parents/guardians, schools, and caregivers in our society on the 

potential impact of sedentary behaviour on the health and well-being of young people. 
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ABSTRACT 

Objectives: The objectives of this study were to assess the proportion of children meeting 

the new Canadian Sedentary Behaviour Guidelines for the Early Years (aged 0-4 years) and 

to describe parental attitudes towards and barriers to reducing screen time. 

Methods: Participants were 657 children aged 0-4 years from the Kingston, Ontario area. 

From May to September, 2011, parents completed a questionnaire regarding their child’s 

screen time and their attitudes towards and barriers to reducing their child’s screen time. 

Results and conclusions: Approximately 32% of children under 2 years engaged in no 

screen time and approximately 46% of children 2-4 years engaged in under 1 hour per day; 

thereby, meeting the recommendations of the new guidelines. Most parents believed that 

their child did not engage in excessive screen time. Physicians and other health professionals 

should inform parents of these new guidelines and provide strategies to help their children 

meet them. 

 

Key Words: television, computers, video games, infant, children, preschool, parents 
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INTRODUCTION 

Historically, the terms “physically inactive” and “sedentary” were used 

interchangeably. However, moderate-to vigorous-intensity physical activity (MVPA) and 

sedentary behaviour, defined as any waking behaviour characterized by a low energy 

expenditure (i.e., ≤1.5 resting metabolic equivalents) while in a sitting or reclining posture, 

are now recognized as two distinct behaviours.
1
 In fact, MVPA and sedentary behaviour are 

weakly correlated
2
 and have independent health effects.

3
 The negative health effects of 

excessive sedentary behaviour begin early; particularly, for screen-based sedentary 

behaviours such as television and video/computer games.
4
 Among young children screen 

time is associated with obesity,
5, 6

 aggressive behaviour,
7
 attention problems,

8, 9
 lower 

language development,
9
 and lower cognitive development.

9
 Furthermore, screen time habits 

formed at an early age may persist over time
10

 and predict negative health outcomes in 

adulthood.
11

 

In March, 2012 the Canadian Society for Exercise Physiology released the Canadian 

Sedentary Behaviour Guidelines for the Early Years (aged 0-4 years).
12

 These evidence-

based guidelines were created in response to an urgent call from public health, health care, 

and child care practitioners for guidance on reducing sedentary behaviour during the early 

years. The guidelines set measurable targets for surveillance and provide guidance to 

physicians and other health professionals. Along with the general recommendation of 

minimizing the time spent being sedentary during waking hours, the guidelines also include 

specific recommendations regarding screen time. For children under 2 years, screen time is 

not recommended and for children 2-4 years, screen time should be limited to under 1 hour 

per day.
12

 The Canadian Paediatric Society has recently released a position statement on 
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healthy active living that encourages physicians and health care professionals to promote 

these guidelines.
13

 

To appreciate the extent to which excessive screen time is an issue within the early 

years, surveillance studies need to determine what proportion of 0- to 4-year-olds meet the 

new guidelines. Furthermore, since parents are an important determinant of young children’s 

screen time engagement,
14

 information is also needed on parental attitudes towards and 

barriers to reducing screen time. This knowledge could be used to help promote healthy 

screen time habits in the early years. Therefore, the objectives of this study were to assess the 

proportion of 0- to 4-year-olds meeting the new Canadian Sedentary Behaviour Guidelines 

for the Early Years and describe parental attitudes towards and barriers to reducing screen 

time. 

 

METHODS 

Participants 

This study is based on the Healthy Living Habits in Pre-School Children study. Data 

were collected between May and September 2011 on children ≤5 years old from the 

Kingston, Frontenac, Lennox, and Addington Health Region in Ontario. Parents of pre-

school children were recruited from licensed child care centers (46 of 60 participated) and 

public health/community programs (14 of 16 participated). Eligible parents received a 

questionnaire package and approximately 37% of parents returned the brief (15 minutes) 

questionnaire resulting in a total sample of 800. Children with missing birth date information 

(n=41) and children older than 4 years old (n=102) were excluded from this study, leaving 

657 participants. Ethics approval was obtained from the Queen’s University General 

Research Ethics Board. The ethics approval document is provided in Appendix A. Consent 
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was obtained from participating child care centres, public health/community programs, and 

parents. 

Screen Time 

Parents were asked two previously developed questions
15

 regarding their child’s 

television and video/computer games use: “On average, how much time per day does your 

child watch television, videos, or DVDs?”, and “On average, how much time per day does 

your child play video/computer games?” There were seven response options for weekday and 

weekend use ranging from ‘none’ to ‘≥3 hours/day’. Weighted means of weekday and 

weekend use were calculated and total screen time was determined by adding television and 

video/computer games. Parents were also asked questions regarding their child’s age when 

they first started watching television or playing video/computer games (seven response 

options ranging from ‘0-6 months’ to ‘≥ 4 years old’). All parental questionnaire items used 

in this manuscript are provided in Appendix H.  

Parental Attitudes and Barriers 

For those parents whose child engaged in screen time, their attitudes towards and 

barriers to reducing their child’s screen time were assessed with 15 questions developed from 

previous research.
16-18

 Four response options existed for each question ranging from 

‘strongly disagree’ to ‘strongly agree’. These responses were dichotomized into agree 

(strongly agree/agree) and disagree (strongly disagree/disagree).  

Statistical Analysis 

Analyses were completed using SAS version 9.2 (SAS Institute Inc., Cary, NC). 

Descriptive statistics including means, standard deviations, and frequencies were calculated. 

χ2 tests were conducted to compare percentage of agreement for attitudes and barriers 

between parents whose children met and exceeded the guidelines. There were no significant 
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differences (P>0.05) in screen time between genders so analyses were only stratified by age 

(under 2 years, 2-4 years) where applicable. Due to the small sample of children under 2 

years (n=75) and the consistency of results across age groups, age-stratified analyses were 

not presented for attitudes and barriers. Examples of SAS output for all types of statistical 

tests used in this manuscript are provided in Appendix O. 

 

RESULTS 

Participant characteristics are in Table 1. The average age of the sample was 3.1 

years, just over half (52.3%) were male, and 80.4% attended a childcare centre (71.9 % 

centre-based and 8.5% home-based daycare). On average, children under 2 years watched 

31.4 min/day of television and played video/computer games for 0.6 min/day, for a total of 

32.0 min/day of screen time. The corresponding screen time values for children 2-4 years 

were 71.9 min/day, 8.4 min/day, and 80.3 min/day, respectively. 

For children under 2 years, 32.3% did not engage in screen time, 36.3% engaged in 1-

29 min/day, 16.1% in 30-59 min/day, 8.9% in 60-119 min/day, 4.0% in 120-179 min/day, 

and 2.4% in ≥180 min/day. For children 2-4 years, 2.1% did not engage in screen time, 

18.4% engaged in 1-29 min/day, 25.3% in 30-59 min/day, 34.7% in 60-119 min/day, 14.8% 

in 120-179 min/day, and 4.7% in ≥180 min/day. Therefore, 32.3% of children under 2 years, 

45.8% of children 2-4 years, and 43.2% of the total sample met the new sedentary behaviour 

guidelines (see Figure 1). 

For children 2-4 years, 16.7% watched television and 0.2% used video/computer 

games within the first 6 months of life, 44.6% watched television and 0.9% used 
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video/computer games within the first year of life, and 79.7% watched television and 4.0% 

used video/computer games within the first two years of life.  

 The three most commonly agreed upon attitudes toward screen time were that screen 

time is enjoyable for their child (95.8%), when their child engages in screen time it gives 

parents an opportunity to get things done (87.4%), and screen time is a good learning tool 

(79.4%). The three most commonly agreed upon barriers to reducing screen time were that 

their child does not engage in too much screen time (74.7%), screen time is enjoyable for 

their child (69.5%), and parents need time to do household chores (63.5%). In comparison to 

parents whose children met the guidelines, the percentage of agreement for parents whose 

children exceeded the guidelines was significantly higher (~10-25%) for 13 out of the 15 

attitudes and barriers and significantly lower (16.1%) for the barrier that their child does not 

engage in too much screen time (Table 2).  

 

DISCUSSION 

 Within this sample of 657 children from the Kingston area, only 43% met the new 

Canadian Sedentary Behaviour Guidelines for the Early Years (32% for children under 2 

years, 46% for children 2-4 years). For those parents whose children exceeded the guidelines, 

more than two thirds believed their child did not participate in too much screen time and 

more than three quarters stated that screen time had educational benefits, was an enjoyable 

activity for their child, or provided the parent with an opportunity to get things done. 

 This is the first study to examine the proportion of children meeting the new 

sedentary behaviour guidelines. However, based on the Canadian Paediatric Society’s 

previous recommendation of limiting television viewing to under 1-2 hours a day,
19

 only 22 

% of a sample of ~1500 children 4 to 5 years of age from Edmonton engaged in 1 hour per 
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day or less of screen time.
20

 In addition to Canada, the proportion of children meeting similar 

screen time recommendations from the United States
21

 and Australia
22

 has recently been 

reported. Specifically, only 32% of a representative sample of American 0- to 2-year-olds 

engaged in no screen time
23

 and only 22% of a sample of Australian 3- to 5-year-olds 

engaged in 1 hour per day or less of screen time.
24

 The different age groups in these studies 

make cross-national comparisons challenging. Future surveillance research is needed within 

representative samples of Canadian children to determine the extent to which excessive 

screen time is problematic at the national level. 

 Television was the most dominant type of screen time, comprising 98% of total 

screen time in children under 2 years and 90% of total screen time in 2- to 4-year olds.  

Nonetheless, the availability of video/computer games specifically designed for the early 

years is on the rise with the advancement and availability of new technology,
25

 such as tablet 

computers (e.g., iPad with hundreds of child-focused applications) and learning laptops (e.g., 

13 options available at www.Toysrus.ca in January, 2012).  In fact, more than 50% of 

participants in the present study who played video/computer games used this type of 

technology at least 50% of time (data not shown). Therefore, future studies in this age group 

should still consider multiple screen-based activities. 

 While evidence of excessive screen time engagement and the associated health 

implications in the early years is accumulating, little is known about appropriate strategies 

for reducing or eliminating screen time in this age group.
26

 Emerging research suggests that 

parents’ cognitions, such as attitudes and perceived barriers, are important determinants of 

children’s screen time use.
14

 In terms of parental attitudes, similar descriptive findings were 

reported by ~1000 American parents of 2- to 24-month-olds. More specifically, the three 

http://www.toysrus.ca/
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most important reasons for television use were the perceived educational value, child 

enjoyment, and the opportunity for parents to get things done.
16

 Even though young children 

enjoy screen time activities and screen time allows parents to complete household chores 

more easily, these reasons should not outweigh the health implications associated with screen 

time engagement.
4
 Furthermore, while many parents think screen-based activities may 

provide some learning and educational benefits, the scientific evidence does not support this 

belief.
9
  In fact, accumulating evidence suggests that engagement in screen time during the 

early years may be detrimental for language and cognitive development.
9
 For example, a 

recent systematic review examining the relationship between sedentary behaviour and health 

outcomes in 0- to 4-year olds found moderate quality evidence in infants (1 month - 1.0 year) 

and low quality evidence in toddlers (1.1 - 3.0 years) that increased television viewing was 

associated with a decrease in cognitive outcomes such as attention, vocalization count, 

reading recognition, reading comprehension, memory scores, classroom engagement, and 

math scores.
4
 

To promote healthy screen time habits in the early years, physicians and other health 

professionals should consider increasing parental awareness of the health benefits of limiting 

or eliminating screen time.
27

 This may be achieved by discussing the new sedentary 

behaviour guidelines and their importance with parents. The recent position statement from 

the Canadian Paediatric Society’s on healthy active living encourages this dialog.
13

 Along 

with increasing awareness, providing parents with strategies to keep their children occupied 

and safe while they complete household tasks should also be considered.
27

 These strategies 

may include the promotion of non-screen based toys, puzzles, and games. Furthermore, as 

screen time habits formed at an early age track over time
28

 and because almost half of 2- to 4-
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year-olds in the present study started watching television within the first year of life, parents 

of infants or even expecting parents should be targeted. 

As with all studies, this one was not void of limitations. A key limitation was the use 

of parental-reported screen time, which is prone to measurement error. However, direct 

measurements of screen time are not feasible in large samples. Another limitation is the low 

response rate and the fact that a primary recruitment source was licensed child care centres, 

which only 15% of pre-school children in the health region attend.
29

  Consequently, the 

proportion of children meeting the sedentary behaviour guidelines within the entire Canadian 

population may be lower than reported here due to the relatively high socioeconomic status 

of our sample. It is also important to note that the data for the present study was collected just 

prior to the guidelines being released. Therefore, this paper represents a baseline assessment 

of the proportion of children meeting the new guidelines. 

 

CONCLUSION 

Only 32% of children under 2 years and 46% of children 2-4 years met the Canadian 

Sedentary Behaviour Guidelines for the Early Years. Physicians and other health 

professionals should inform parents of the health benefits associated with the new sedentary 

behaviour guidelines and provide them with strategies to help their children meet these 

guidelines. 
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Table 1. Participant characteristics 

 

 Total 

 (N = 657) 

< 2 years 

(N = 124) 

2-4 years 

(N = 533) 

Child’s Gender (%)    

     Male 52.3 46.3 53.7 

     Female 47.7 53.7 46.3 

Child’s Age (years) 3.1 (1.1) 1.3 (0.5) 3.5 (0.8) 

Childcare (%)    

   Centre-Based 71.9 41.9 78.8 

   Home-Based 8.5 12.9 7.5 

   None 19.6 45.2 13.7 

Parental Education (%)    

    Elementary (Grades 1-8) 1.5 2.5 1.3 

    High School (Grades 9-12) 15.6 23.9 13.6 

    Community/Technical College 34.4 24.8 36.6 

    University  27.6 28.1 27.5 

    Graduate University 20.9 20.7 21.0 

Television (min/day) 64.3 (48.7) 31.4 (43.1) 71.9 (46.7) 

Video/Computer Games (min/day) 7.0 (18.6) 0.6 (2.9) 8.4 (20.4) 

Screen time (min/day) 71.2 (56.9) 32.0 (44.1) 80.3 (55.6) 

Data presented as prevalence for the categorical variables and as mean (standard deviation) for the continuous 

variables. 

 

  



68 

Table 2. Attitudes and barriers of all parents whose children engaged in screen time and according to whether 

their children met or exceeded the guidelines 

 

 Agree or Strongly Agree (%)† 

 Engaged in 

screen time 

(N = 560) 

 Met 

guidelines 

(N = 210) 

 Exceeded 

guidelines 

(N = 350) 

Attitudes      

Good learning tool 73.0  62.8  79.4* 

Child enjoyment 95.8  94.1  96.8 

Gives parent opportunity to get things done 84.0  78.6  87.4* 

Allows parent to cope with busy day/multiple children 51.0  43.1  55.9* 

Allows child to relax 53.5  45.6  58.3* 

Family, bonding, or quality time 47.2  37.6  53.1* 

Grabs hold of child’s attention 66.9  58.9  71.9* 

It teaches children to get along with others 21.0  14.8  24.9* 

Barriers      

Pressure from society to purchase media equipment 23.4  18.8  26.3* 

Neighbourhood is unsafe 8.8  5.9  10.7* 

Poor weather limits time outside 50.7  40.8  56.9* 

Parent needs coping-tool for busy day/multiple children 32.5  21.7  39.4* 

Parent needs time to do household chores 63.5  53.5  69.6* 

Child really enjoys screen time 69.5  54.0  79.3* 

Child does not engage in too much screen time 74.7  84.5  68.4* 

†97 parents did not respond to these attitudes and barriers questions including 53 parents whose child did not 

engage in screen time activities 

*χ2, P≤0.05 
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Figure 1. Proportion of children adhering to the new Canadian Sedentary Behaviour 

Guidelines for the Early Years 
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Chapter 4 

 

 

 

 
Volume, patterns, and types of sedentary behavior and cardio-metabolic health in children 

and adolescents: a cross-sectional study 
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ABSTRACT 

Background: Cardio-metabolic risk factors are becoming more prevalent in children and 

adolescents. A lack of moderate-to vigorous-intensity physical activity (MVPA) is an 

established determinant of cardio-metabolic risk factors in children and adolescents. Less is 

known about the relationship between sedentary behavior and cardio-metabolic health. 

Therefore, the objective was to examine the independent associations between volume, 

patterns, and types of sedentary behavior with cardio-metabolic risk factors among children 

and adolescents. 

Methods: The results are based on 2527 children and adolescents (6- to 19-years-old) from 

the 2003/04 and 2005/06 National Health and Nutrition Examination Survey (NHANES). A 

cardio-metabolic risk score (CRS) was calculated based on age- and sex-adjusted waist 

circumference, systolic blood pressure, non-high-density lipoprotein cholesterol, and C-

reactive protein values. Volume and patterns of sedentary behavior and MVPA were 

measured objectively using accelerometers. Types of sedentary behavior were measured by 

questionnaire. A series of logistic regression models were used to examine associations. 

Results: Volume and patterns of sedentary behavior were not predictors of high CRS after 

adjusting for MVPA and other confounders (P>0.1). For types of sedentary behavior, high 

television (TV) use, but not high computer use, was a predictor of high CRS after adjustment 

for MVPA and other confounders. Children and adolescents who watched ≥4 hours per day 

of TV were 2.53 (95% confidence interval: 1.45-4.42) times more likely to have high CRS 

than those who watched <1 hour per day. MVPA predicted high CRS after adjusting for all 

sedentary behavior measures and other confounders. After adjustment for waist 
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circumference, MVPA also predicted high non-obesity CRS; however, the same relationship 

was not seen with TV use. 

Conclusion: No association was observed between overall volume and patterns of sedentary 

behavior with cardio-metabolic risk factors in this large sample of children and adolescents. 

Conversely, high TV use and low MVPA were independently associated with cardio-

metabolic risk factors. However, the association between high TV use and clustered cardio-

metabolic risk factors appears to be mediated or confounded by obesity. Thus, TV and 

MVPA appear to be two separate behaviors that need to be targeted with different 

interventions and policies.  
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BACKGROUND 

 Cardio-metabolic risk factors, such as obesity, hypertension, dyslipidemia, and 

glucose intolerance, are known predictors of coronary heart disease and type 2 diabetes 

among adults.
1
 These risk factors are becoming more prevalent in children and adolescents 

and approximately 50% of American youth have at least one cardio-metabolic risk factor.
2
 

This is concerning as cardio-metabolic risk factors track from childhood to adulthood.
1
 In 

addition, cardio-metabolic risk factors during adolescence predict the development of sub-

clinical cardiovascular disease,
3
 coronary heart disease,

4
 and mortality in adulthood.

5
 

Therefore, improving the cardio-metabolic risk factor profile of young people has long-term 

implications on population health.  

Physical inactivity is an established determinant of cardio-metabolic risk factors in 

children and adolescents.
6
 The majority of physical inactivity research has focused on how 

inadequate moderate-to vigorous-intensity physical activity (MVPA) influences health.
7
 

However, even within highly active persons, MVPA accounts for only a fraction of total 

energy expenditure.
8
 An emerging area of study is the relation between sedentary behavior 

and health.
7
 Sedentary behavior refers to activities that involve minimal body movement and 

low energy expenditure.
9
 To date, two studies have examined the relationship between the 

overall volume of sedentary behavior with a summary cardio-metabolic risk score among 

children and adolescents.
10, 11

 Although both studies found significant associations, the 

results need to be interpreted with caution. Specifically, neither study adjusted for MVPA; 

even though, MVPA is an independent predictor of cardio-metabolic risk factors.
12

  

In addition to the overall volume, the type of sedentary behavior appears to impact 

cardio-metabolic health. For example, a recent review reported that television (TV) use is 
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more strongly related to obesity than video game and computer use in young people.
13

 A 

limitation of the existing screen time (i.e., TV, computer, video game) literature is that only 

one study has considered the impact of the overall volume of sedentary behavior on the 

observed relationships.
14

 

Along with volume and types of sedentary behavior, consideration should be given to 

the patterns in which sedentary behavior is accumulated. Prolonged bouts of sedentary 

behavior are associated with cardio-metabolic health in adults.
15, 16

 For example, one study 

among adults reported that an increased number of breaks in sedentary behavior are 

associated with an improved cardio-metabolic risk factor profile, independent of total 

sedentary behavior time and MVPA.
17

 No study has examined the relationship between 

patterns of sedentary behavior and cardio-metabolic risk factors in the pediatric population. 

Children and adolescents spend extended periods of time being sedentary in and outside of 

school
9, 18, 19

 and have sporadic MVPA patterns.
20

 It is unknown whether patterns of 

sedentary behavior independently impact cardio-metabolic risk factors in young people.  

The purpose of this study was to comprehensively examine the relationships between 

the volume, patterns, and types of sedentary behavior with cardio-metabolic risk factors in 

children and adolescents. The specific objectives were to (1) determine whether the volume 

of sedentary behavior predicts cardio-metabolic risk factors independent of MVPA; (2) 

determine whether patterns (bouts and breaks in bouts) of sedentary behavior predict cardio-

metabolic risk factors independent of MVPA and the volume of sedentary behavior; and (3) 

determine whether different types of sedentary behavior are related to cardio-metabolic risk 

factors in a similar manner.  
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METHODS 

Participants 

The study is based on the 2003/04 and 2005/06 cycles of the Nutrition Health and 

Nutrition Examination Survey (NHANES), a nationally representative cross-sectional survey 

in the US. NHANES consisted of a home interview and a physical exam conducted in a 

mobile examination center. A more detailed description of the NHANES study design is 

provided in Appendix B. Consent was obtained from all participants and their 

parents/guardians if <18 years old. NHANES was approved by the National Center for 

Health Statistics. The analyses presented here were approved by the Queen’s University 

Research Ethics board. The ethics approval document is provided in Appendix A. 

A total of 6553 NHANES participants aged 6-19 years attended the mobile 

examination center. We excluded 3208 participants with incomplete accelerometer 

information (as explained below) and an additional 918 participants with incomplete 

information on the cardio-metabolic outcome and covariate measures, leaving a final sample 

of 2527. There were no significant differences in age or gender (P>0.05) between the 

participants that were included or excluded from the final sample. However, slightly more 

Hispanic (5.4%) and slightly less non-Hispanic white (3.2%) and non-Hispanic black (2.4%) 

participants were included in the final sample (P<0.01). 

Measurement of Sedentary Behavior and Physical Activity 

Volume of sedentary behavior, patterns of sedentary behavior (bouts and breaks in 

bouts), and physical activity variables were created by the authors based on the raw 

accelerometry data provided from the NHANES dataset. The Actigraph AM-7124 

accelerometer (Actigraph, Ft. Walton Beach, FL) was the device used in the NHANES study. 
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These are uniaxial accelerometers that record average intensities in one minute intervals or 

epochs. Participants were asked to wear the accelerometer on their right hip for 7 consecutive 

days except when sleeping or when the accelerometer could get wet.  

Data from the accelerometers was downloaded by NHANES survey collaborators and 

checked for outliers and unreasonable or biologically implausible values, which were 

removed. Reasonable ranges of values were determined by criteria published in the literature 

and expert judgment.
21

 Further data reduction was completed by the authors. Initially, we 

removed days with incomplete information. A day was considered complete if it contained 

≥10 hours of wear time,
22

 non-wear time was defined as a period of >20 minutes of zero 

counts.
22

 The second data reduction step involved removing participants with an insufficient 

number of days with complete data. Only participants with ≥4 complete days, including one 

weekend day, were included. The inclusion of a weekend day is important as there are 

significant weekday and weekend differences in MVPA and sedentary behavior.
23, 24

 A 4-5 

day accelerometer monitoring period has a test-retest reliability of 0.8 among children in 

grades 1-6 and 0.7 among adolescent in grades 7-12.
23

 

Before we derived the sedentary behavior and physical activity variables from the raw 

accelerometry data, epoch cut-points were selected. There is currently substantial variation 

on the cut-points used to define sedentary behavior and different intensities of physical 

activity.
25

 We selected a cut-point of <100 counts per minute to define sedentary behavior.
18

 

For MVPA, a regression equation developed by Freedson and colleagues, for 6- to 18-year- 

olds, was used to estimate metabolic equivalents (METs) for each epoch value, based on the 

participant’s age and the epoch count.
26

 MVPA was defined as ≥4.0 METs, based on 
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established precedence in the pediatric exercise literature.
25, 27

 Low-intensity physical activity 

was defined as epoch values between 100 counts and an equivalent of 4.0 METs.   

The next step was to derive the sedentary behavior and physical activity variables for 

each complete day of monitoring as illustrated in Figure 1. We calculated the volume of 

sedentary behavior, low-intensity physical activity, and MVPA for each participant and 

divided these values by total wear time. To be defined as a sedentary behavior bout, there had 

to be ≥30 minutes with ≥80% of minutes below the 100 counts cut-point. The bout stopped 

when <80% was below the 100 counts cut-point or when there were ≥5 consecutive minutes 

≥100 counts (Figure 1). Total minutes spent in sedentary behavior bouts were then divided 

by total wear time. A minimum 30 minute bout period of sedentary behavior was chosen to 

represent a 30 minute TV program or class in school. Also, sensitivity analyses indicated that 

the 30 minute bout period had a better model fit with cardio-metabolic risk factors than 

shorter bout periods (i.e., 5 or 10 minutes). Within each bout of sedentary behavior, we 

calculated the number of “break” minutes as those minutes equal to low-intensity activity or 

MVPA. A variable reflecting the percentage of sedentary behavior bout time spent in breaks 

was calculated. 

Finally, the type of sedentary behavior (TV or computer) was obtained by 

questionnaire from the NHANES dataset. TV and computer were selected because they were 

available in the dataset and they make up a large proportion of sedentary behavior time. For 

example, American youth spent 6-8 hours/day sedentary
18

 and 4.5 hours/day using a TV or 

computer.
28

 Proxy respondents answered the questions for participants aged 6-11 years and 

participants aged 12-19 years responded themselves. Two questions were asked, “Over the 

past 30 days, on average about how many hours per day did (you/your child) sit and watch 
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TV or video?” and “Over the past 30 days, on average how many hours per day did 

(you/your child) use a computer or play computer games?” There were 7 response options 

ranging from “none” to “5 hours or more”.  We collapsed these response options into 4 

groups (<1 hour, 1 hour, 2-3 hours, ≥ 4hours) based on frequency distributions. 

Cardio-metabolic Risk Factors 

 Waist circumference, systolic blood pressure, non-high-density lipoprotein 

cholesterol (non-HDL cholesterol), and C-reactive protein were the cardio-metabolic risk 

factors studied. These risk factors were selected because they were available in the NHANES 

dataset and they capture different aspects of cardio-metabolic risk. All measurements were 

taken by trained personnel at the mobile examination center visit. Triglycerides and fasting 

glucose were not examined as cardio-metabolic risk factors due to the unavailability of 

fasting values in participants under the age of 12 in the NHANES dataset. 

Waist circumference was measured to the nearest 0.1 cm at the level of the iliac crest. 

Waist circumference is an effective measure of abdominal adiposity among children and 

adolescents
29

 and is a better predictor of cardio-metabolic risk factors than the body mass 

index.
30

 Blood pressure was measured manually four consecutive times on the right arm 

while seated. We calculated the average blood pressure. We also calculated non-HDL 

cholesterol by subtracting HDL cholesterol from total cholesterol.
31

 HDL cholesterol was 

measured using the direct HDL immunoassay method and total cholesterol was measured 

enzymatically in serum in a series of coupled reactions using cholesteryl ester hydrolase, 

cholesterol oxidase, and peroxidase. Non-HDL cholesterol was chosen as the lipid marker 

because it is an important indicator of cardiovascular disease and diabetes risk among 

children and adolescents that it is not reliant upon a fasting blood sample.
32

 C-reactive 
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protein was measured by latex enhanced nephelometry. C-reactive protein was chosen as the 

inflammatory marker because of its availability in the dataset and its known impact on 

cardiovascular disease. Furthermore, it is not reliant upon a fasting blood sample.
33, 34

  

Waist circumference and non-HDL cholesterol were not normally distributed so they 

were log transformed by the authors prior to analyses. Age-adjusted values were created by 

the authors for each of the cardio-metabolic risk factors because they change with normal 

growth and maturation.
35

 Using forward stepwise regression, each of the cardio-metabolic 

risk factors were regressed up to a full cubic polynomial in age (age, age
2
, age

3
) separately 

within males and females. Variables were allowed to enter or leave the model at P<0.10. The 

standardized residuals were retained and used to represent the age-adjusted values. 

Participants were then ranked based on the residual for each risk factor. A mean of the ranks 

was used to represent a summary cardio-metabolic risk score (CRS). Blood pressure was not 

measured in children <8 years old, so the CRS for 6-7 year olds was limited to three risk 

factors. We categorized CRS into quartiles; the highest quartile denotes high CRS.   

Covariates 

Age, gender, ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, other), 

socioeconomic status (SES), smoking status, and diet were considered as covariates. The 

poverty-to-income ratio, provided within the NHANES dataset, is a ratio between family 

income and poverty threshold and was used to measure SES.
36

 Smoking was assessed in the 

NHANES study by asking participants 12 and older, “Have you ever tried cigarette smoking, 

even 1 or 2 puffs?” We grouped participants into “yes” or “no” categories. Participants <12 

years old were placed into the “no” category. Diet was assessed in NHANES via a 24 hour 

recall. We created four binary variables from the total nutrient values provided in the 
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database: total fat (≤35% or >35% total calories), saturated fat (≤10% or >10% total 

calories), dietary cholesterol (≤300 or >300mg/day), and sodium (≤2300 or >2300 mg/day).
37

 

All NHANES questionnaire items used in this manuscript are provided in Appendix E. 

Statistical Analysis 

Analyses were completed using SAS version 9.2 (SAS Institute Inc., Cary, NC) and 

accounted for the complex design and sample weights of NHANES.  Descriptive statistics 

were calculated. Relations between activity and sedentary behavior variables were 

determined using Pearson (continuous variables) and Spearman (categorical variables) 

correlations. Multiple logistic regression models were used to address the study objectives. 

All regression models predicted the highest CRS quartile and adjusted for various 

confounders including age, gender, ethnicity, SES, smoking, total fat, saturated fat, dietary 

cholesterol, sodium, and MVPA. To address objective 1 (volume of sedentary behavior), an 

initial regression model was run that included the sedentary behavior volume measure and all 

confounders except for MVPA. A second model was run that also adjusted for MVPA. To 

address objective 2 (patterns of sedentary behavior), initial regression models were run that 

included (a) the bouts of sedentary behavior measure and all confounders except MVPA, and 

(b) the breaks in bouts of sedentary behavior measure, volume of sedentary behavior, and all 

confounders except MVPA. Additional models were run that also adjusted for MVPA. To 

address objective 3 (types of sedentary behavior), initial regression models were run that 

included (a) TV use and all confounders except MVPA, and (b) computer use and all 

confounders except MVPA. Additional models were run that also adjusted for MVPA. Along 

with the analyses performed to address the main objectives, some supplemental analyses 

were conducted. First, age and gender interactions were explored in the primary analyses as 
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well as sedentary behavior and MVPA interactions. Second, the relationship between MVPA 

and CRS was considered by running an initial logistic regression model that included the 

MVPA measure and all confounders. An additional model was run that also adjusted for 

overall volume of sedentary behavior. Third, the role of obesity as a mediator or confounder 

in the relationship between the sedentary behavior and MVPA variables with CRS was 

examined. Consistent with previous literature, a non-obesity CRS variable was created by 

removing waist circumference, and the above analyses were repeated predicting high non-

obesity CRS, while further adjusting for waist circumference.
10, 12, 38

 Finally, the relationship 

between the sedentary behavior and MVPA variables with individual CRS components was 

explored. All logistic regression models predicted the highest quartiles of the individual 

components. The same modeling strategies described above in this paragraph for the CRS 

outcome variable were used to explore these relationships. Examples of SAS output for all 

types of statistical tests used in this manuscript are provided in Appendix O. 

 

RESULTS 

Descriptive Analyses 

Participant characteristics are in Table 1. Approximately 49% were female and the 

median age was 13. Overall, the median accelerometry wear time was 50.8% for sedentary 

behavior, 43.8% for low-intensity activity, and 4.1% for MVPA. Median bouts of sedentary 

behavior lasting ≥30 minutes was 24.5% of wear time, with 13.5% of that time (or 0.03% of 

total wear time) spent in breaks. The average length of sedentary bouts was 64.5 minutes. 

Correlations between sedentary behavior and activity variables are in Table 2.  
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Objective 1: Volume of Sedentary Behavior 

The prevalence of high CRS did not differ according to the volume of sedentary 

behavior (Table 3, Ptrend=0.15). The volume of sedentary behavior did not predict (Ptrend≥0.2) 

high CRS after adjusting for various confounders (age, gender, race, SES, smoking, total fat, 

saturated fat, dietary cholesterol, sodium; model 1) and MVPA (model 2). 

Objective 2: Patterns of Sedentary Behavior 

 The prevalence of high CRS did not vary across quartiles of the bouts of sedentary 

behavior and the breaks in bouts of sedentary behavior measures (Table 3, Ptrend>0.2). The 

two sedentary behavior pattern variables did not predict (Ptrend>0.2) high CRS after adjusting 

for various confounders, the volume of sedentary behavior, (model 1) and MVPA (model 2). 

Objective 3: Types of Sedentary Behavior 

The prevalence of high CRS increased significantly with increasing hours of TV use 

(Table 3, Ptrend<0.01). High TV use remained a significant predictor of high CRS after 

adjustment for various confounders (model 1) and MVPA (model 2). Participants who 

watched ≥4 hours/day of TV were 2.53 (95% confidence interval (CI): 1.45–4.42) times 

more likely to have high CRS than those who watched <1 hour/day. Computer use was not 

related to CRS (Ptrend>0.7).   

Additional Analyses 

There were no significant gender and age interactions in any of the models that 

examined the relationship between the volume, patterns, and types of sedentary behavior 

with high CRS. As well, there were no significant sedentary behavior and MVPA 

interactions. 
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After adjusting for confounders and the volume of sedentary behavior, participants in 

the second (odds ratio = 0.44, 95% CI: 0.27-0.71), third (0.30, 0.16-0.55), and fourth (0.16, 

0.06-0.40) MVPA quartiles were significantly less likely to have high CRS than participants 

in quartile one (Ptrend<0.01). Similar associations were observed when predicting high non-

obesity CRS after further adjusting for waist circumference. However, TV use was not 

associated with high non-obesity CRS. For example, participants who watch ≥4 hours/day of 

TV were not significantly (1.09, 0.63-1.86) more likely to have high non-obesity CRS than 

those who watched <1 hour/day, after further adjusting for waist circumference. 

The observed associations between the sedentary behavior and MVPA variables with 

the individual CRS components (high waist circumference, systolic blood pressure, non-

HDL cholesterol, and C-reactive protein) were similar to the results of the primary CRS 

analyses. For example, overall volume and patterns of sedentary behavior as well as 

computer use were not associated with any of the individual CRS components, after 

adjusting for various confounders (age, gender, race, SES, smoking, total fat, saturated fat, 

dietary cholesterol, sodium) and MVPA (Table 4). Conversely, MVPA was associated with 

all four individual components of CRS in a dose-response manner, after adjustment for 

various confounders and sedentary behavior (Ptrend≤0.05; data not shown). We also found that 

the odds of high waist circumference, non-HDL cholesterol, and C-reactive protein increased 

in a dose-response manner with increasing TV use (Ptrend≤0.05; Table 4).  

Finally, the results of all of the aforementioned analyses were consistent when the 

analyses were repeated using linear regression with continuous CRS and continuous 

individual CRS component outcome variables. 
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DISCUSSION 

This study examined associations between the volume, patterns, and types of 

sedentary behavior with cardio-metabolic risk factors in 6- to 19-year-olds. Although this 

representative sample spent 50.8% of their waking hours in sedentary behavior, the volume 

of sedentary behavior was not an independent predictor of high-risk cardio-metabolic factor 

values. Similarly, patterns of sedentary behavior, such as the amount of time in bouts of 

sedentary behavior ≥30 minutes, was not related to cardio-metabolic risk factors. However, 

the type of sedentary behavior was important. More specifically, the amount of time spent 

watching TV was related to cardio-metabolic risk factors, while computer use was not.    

Among adults, the volume of sedentary behavior, as measured objectively by 

accelerometers, is associated with a clustering of cardio-metabolic risk factors,
39

 waist 

circumference,
39

 and glucose intolerance
40

 that are independent of MVPA and other 

confounders. The relationship between the volume of sedentary behavior and cardio-

metabolic risk factors appears to be stronger and more consistent in adults than young 

people. In our study, the volume of objectively measured sedentary behavior was not 

associated with high CRS or its individual components. Two previous cross-sectional studies 

within children and/or adolescents have examined the association between the volume of 

sedentary behavior, measured by an accelerometer, with a summary cardio-metabolic risk 

score.
10, 11

 Positive associations were observed in both studies. However, neither study 

examined whether these associations were independent of MVPA, which is an important 

limitation, given that MVPA is related to sedentary behavior (see Table 2). In addition, five 

previous studies within children and adolescents, all cross-sectional in design, have examined 

the association between the volume of sedentary behavior, measured by an accelerometer, 
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with individual risk factors such as insulin resistance,
41

 blood pressure,
14

 and various 

measures of obesity.
42-44

 One of these studies found moderate positive associations (r=0.21) 

between the volume of sedentary behavior and insulin resistance among 9- to10-year-old 

children, independent of obesity.
41

 Similarly, this study did not determine whether the 

associations were independent of MVPA. In the three studies that examined obesity 

measures, associations with volume of sedentary behavior did not exist or was severely 

attenuated after adjustment for MVPA.
42-44

 

Emerging evidence in adults suggests that patterns in which sedentary behavior is 

accumulated may independently impact cardio-metabolic risk. More specifically, a cross-

sectional study of 168 Australian adults found that the frequency of breaks in sedentary 

behavior was negatively related to waist circumference, triglycerides, and glucose levels, 

independent of MVPA and the overall volume of sedentary behavior.
17

 We are unaware of 

previous studies that have examined these associations in children or adolescents. Thus, our 

observation that patterns of sedentary behavior, including sedentary behavior bouts and 

breaks in bouts of sedentary behavior, were not related to cardio-metabolic risk factors in 6- 

to19-year-olds makes a novel contribution to the literature. It is possible that the differences 

in results between the present study and the previously mentioned adult study
17

 is explained 

by a physiological difference in the way sedentary behavior impacts health in adults and 

young people. It is also possible that the different results are due to differences in the way 

“breaks” were measured in the two studies. While the present study looked at the frequency 

of breaks within prolonged (≥30 minutes) bouts, the Australian study counted a break any 

time the participant moved from a sedentary minute to a minute above the 100 count per 

minute accelerometry threshold.
17

 Due to the dearth of information, more research is needed 
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to better understand the relationship between patterns of sedentary behavior and cardio-

metabolic health in all ages. 

Our third objective was to determine if different types of sedentary behavior impact 

cardio-metabolic health in a similar manner. Several studies among young people have found 

associations between TV and total screen time with individual cardio-metabolic risk factors 

and the metabolic syndrome.
12, 14, 45, 46

 To our knowledge only one of these studies reported 

on the impact of different screen time measures on cardio-metabolic risk factors other than 

obesity.
14

 This particular study found that blood pressure was associated with TV but not 

with computer use.
14

 Also, a recent literature review found that TV use is more strongly 

associated with obesity in children and adolescents than is computer use.
13

 Likewise, we 

found that the odds of a high CRS increased in a dose-response manner within increasing TV 

volume, independent of MVPA, but that computer use did not predict CRS. Similar 

associations were seen with the individual components of CRS. There are two possible 

explanations for these findings. First, amongst the sedentary behaviors, TV may be at the 

lowest end of the energy expenditure spectrum. In fact, one study reported that energy 

expenditure in children and adolescents was lower while watching TV then while sleeping.
47

 

Second, TV encourages between meal snacking
48

 and is associated with a greater exposure to 

junk food advertisements than other screen time measures.
49

 Even though various dietary 

measures (total fat, saturated fat, cholesterol, and sodium) were adjusted for residual 

confounding may have been present. Future research needs to consider the impact of other 

types of sedentary behavior (reading, homework, etc.) on the health of young people. 

Interestingly, in the present study the CRS variable was predicted by a self-report 

measure of TV use but not an objective measure of overall sedentary behavior volume or the 
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overall volume of sedentary behavior accumulated in prolonged bouts. Also, TV use was 

poorly correlated (r≤0.08) to these two objective measures. There are three possible 

explanations for these observations. First, the uniaxial accelerometer used in NHANES may 

not be sensitive enough to differentiate between sitting and standing like an inclinometer.
50

 

Also, participants may have been more likely to keep their accelerometer on during their 

daily activities and MVPA and take it off later in the evening while watching TV.
51

 

Therefore, the objectively measured sedentary behavior may not have captured 100% of the 

sedentary behavior for some participants. Second, the specific sedentary behavior of TV may 

have a unique impact on cardio-metabolic risk factors due to its impact on energy 

expenditure and intake, as previously discussed. Third, the catchment period of sedentary 

behavior differed between the self-report measure (past 30 days) and the accelerometer 

measure (7 days). Perhaps, the longer catchment period better reflects typical behavior 

compared to the shorter period. 

We also examined the association between objectively measured MVPA with CRS 

and non-obesity CRS. The finding that MVPA was strongly and independently associated 

with cardio-metabolic risk factors in a dose-response manner is consistent with previous 

literature.
52

 For example, a dose-response relationship between MVPA and cardio-metabolic 

risk factors was observed in approximately 2000 participants of  the European Youth Heart 

Study.
6
 As with the present study, the associations between MVPA and clustered cardio-

metabolic risk factors within children and adolescents have been reported to be independent 

of TV use and obesity.
12

 However, similar to the present study, the association between TV 

use and clustered cardio-metabolic risk factors do not appear to be independent of obesity.
12

 



88 

This suggests that obesity mediates or confounds the relationship between TV use and 

clustered cardio-metabolic risk factors.
12

 

Strengths of this study include the objective measures of MVPA and most of the 

sedentary behavior variables as well as our novel approach used to examine patterns of 

sedentary behavior. Limitations of the study include the cross-sectional design, which limits 

the ability to make causal inferences about the relationships. Also, our final sample was not 

representative of the population in terms of ethnicity. In addition, the accelerometers used 

may not be sensitive enough to differentiate between sitting and standing.
50

 Furthermore, we 

only considered two types of sedentary behavior, both of which were measured via self-

report. The biases with these self-reported measures may have resulted in an overestimation 

or underestimation of the strength of associations between the TV, computer, and CRS 

variables. Finally, although a variety of confounders were considered, we were not able to 

adjust for pubertal development, a factor which influences physiological processes.
53

 

 

CONCLUSION 

No association was observed between overall volume and patterns of sedentary 

behavior with cardio-metabolic risk factors in this large sample of children and adolescents. 

Conversely, TV use and low MVPA were both independently associated with cardio-

metabolic risk factors. However, the association between high TV use and clustered cardio-

metabolic risk factors appears to be mediated or confounded by obesity. In addition, the TV 

and MVPA variables were poorly correlated with one another. This suggests that these are 

two separate behaviors and that different policy and intervention programs are needed to 
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increase MVPA and decrease TV use in an effort to prevent and reduce cardio-metabolic risk 

factors.  
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Table 1. Participant characteristics 

 

Variables Total (N=2527) 

Age (years) 13 (10-16) 

Gender (%)  

   Male 50.8 

   Female 49.2 

Race (%)  

   Non-Hispanic white 38.3 

   Non-Hispanic black 24.4 

   Hispanic 32.7 

   Other 4.6 

Accelerometer-derived variables  

   Total wear time (minutes/day) 834 (779-894) 

   Sedentary behavior (% of total time) 50.8 (42.1-58.9) 

   Bouts of sedentary behavior (% of total time) 24.5 (14.4-36.1) 

   Breaks in bouts of sedentary behavior (% of bouts) 13.5 (12.1-15.3) 

   MVPA (% of total time) 4.1 (1.6-8.5) 

   Low-intensity activity (% of total time) 43.8 (38.0-49.6) 

Questionnaire-derived variables   

   TV (hours/day) 2.0 (1.0-3.0) 

   Computer (hours/day) 0.5 (0.0-1.0) 

Cardio-metabolic risk score components  

   Waist circumference (cm) 72.9 (64.5-82.7) 

   Systolic blood pressure (mmHg, N=2265) 107 (100-114) 

   Non-HDL (mmol/l) 2.7 (2.3-3.2) 

   C - reactive protein (mmol/l) 0.002 (0.001-0.007) 

Data presented as median (inter-quartile range) or %.  

MVPA = moderate-to vigorous-intensity physical activity; Non-HDL = non-HDL cholesterol.
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Table 2. Correlations between sedentary behavior and physical activity variables 

 

 Volume of SB Bouts of SB Breaks in Bouts of SB TV Computer MVPA Low Intensity PA 

Volume of SB - .84 -.20 .08 .19 -.70 -.90 

Bouts of SB  - -.26 .05 .21 -.52 -.80 

Breaks in Bouts of 

SB 

  - -.02 -.11 -.03 -.77 

TV    - .15 -.06 -.07 

Computer     - -.15 -.18 

MVPA      - .31 

Low Intensity PA       - 

SB = sedentary behavior; MVPA = moderate-to vigorous-intensity physical activity; PA = physical activity. 

All correlations were significant (P≤0.05) except for the correlations between Breaks in Bouts of SB with MVPA and TV.
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Table 3. High CRS according to volume, patterns, and types of sedentary behavior 

 

 

 

Prevalence Model 1 Model 2 

 Total (N=2527) OR (95% CI) OR (95% CI) 

Volume of sedentary behavior 

   Quartile 1 23.0 1.00 1.00 

   Quartile 2 24.1  0.79 (0.48-1.31) 0.77 (0.46-1.29) 

   Quartile 3 27.7 0.90 (0.53-1.53) 1.13 (0.64-2.01) 

   Quartile 4 25.4 0.87 (0.48-1.55) 0.76 (0.42-1.37) 

 P trend=0.15 Ptrend=0.20 Ptrend=0.68 

Bouts of sedentary behavior   

   Quartile 1 22.7 1.00 1.00 

   Quartile 2 24.8 1.15 (0.72-1.85) 0.96 (0.58-1.57) 

   Quartile 3 28.1 1.43 (0.84-2.45) 0.99 (0.58-1.73) 

   Quartile 4 24.6 1.31 (0.74-2.32) 0.98 (0.55-1.74) 

 Ptrend=0.24 Ptrend=0.27 Ptrend= 0.80 

Breaks in bouts of sedentary behavior    

   Quartile 1 23.3 1.00 1.00 

   Quartile 2 26.3 1.20 (0.74-1.94) 1.21 (0.75-1.95) 

   Quartile 3 26.9 0.81 (0.50-1.32) 0.78 (0.47-1.28) 

   Quartile 4 23.8 1.00 (0.60-1.66) 1.03 (0.62-1.70) 

 Ptrend= 0.78 Ptrend=0.66 Ptrend=0.67 

TV    

   <1 hour 19.8 1.00 1.00 

   1 hour 23.8 1.06 (0.58-1.92) 1.15 (0.64-2.04) 

   2-3 hours 22.8 1.59 (0.94-2.70) 

2. 

1.63 (0.96-2.74) 

  ≥4 hours 33.2 2.57 (1.45-4.56)* 2.53 (1.45-4.42)* 

 Ptrend <0.01 Ptrend<0.01 Ptrend<0.01 

Computer    

   <1 hour 25.8 1.00 1.00 

   1 hour 22.2 1.21 (0.80-1.82) 1.17 (0.77-1.77) 

   2-3 hours 27.0 1.27 (0.82-1.96) 1.21 (0.79-1.87) 

   ≥4 hours 23.7 0.69 (0.34-1.38) 0.56 (0.27-1.12) 

 Ptrend=0.83 Ptrend=0.76 Ptrend=0.75 

High CRS refers to the highest quartile of CRS. Model 1: adjusted for age, gender, race, SES, smoking, total 

fat, saturated fat, cholesterol, and sodium. Model 2: adjusted for covariates in Model 1 and MVPA.  For the 

breaks in sedentary behavior variable, Model 1 and 2 were also adjusted for the volume of sedentary behavior. 

*P≤0.05. 
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Table 4. High waist circumference, systolic blood pressure, non-HDL, and C-reactive protein according to 

volume, patterns, and types of sedentary behaviour 

 

 

 

Waist Circumference Systolic Blood Pressure Non-HDL C-Reactive Protein 

 OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Volume of sedentary behavior  

   Quartile 1 1.00 1.00 1.00 1.00 

   Quartile 2  1.05 (0.63-1.76)  0.83 (0.48-1.44) 0.99 (0.60-1.60)  0.84 (0.50-1.40) 

   Quartile 3 1.06 (0.61-1.83) 1.04 (0.57-1.90) 1.53 (0.88-2.64) 1.04 (0.60-1.78) 

   Quartile 4 0.86 (0.46-1.60) 0.83 (0.46-1.50) 1.35 (0.76-2.40) 1.01 (0.54-1.88) 

 P trend=0.66 Ptrend=0.72 Ptrend=0.16 Ptrend=0.81 

Bouts of sedentary behavior    

   Quartile 1 1.00 1.00 1.00 1.00 

   Quartile 2 1.24 (0.76-2.02) 0.96 (0.56-1.66) 1.41 (0.88-2.26) 0.88 (0.54-1.42) 

   Quartile 3 0.89 (0.54-1.47) 0.76 (0.42-1.38) 1.43 (0.85-2.42) 1.20 (0.68-1.77) 

   Quartile 4 0.88 (0.49-1.58) 0.92 (0.50-1.71) 1.54 (0.87-2.71) 1.04 (0.59-1.85) 

 Ptrend= 0.42 Ptrend=0.62 Ptrend= 0.16 Ptrend= 0.69 

Breaks in bouts of sedentary behavior     

   Quartile 1 1.00 1.00 1.00 1.00 

   Quartile 2 1.31 (0.82-2.08) 0.91 (0.55-1.49) 1.06 (0.67-1.67) 1.41 (0.88-2.27) 

   Quartile 3 0.88 (0.56-1.36) 0.78 (0.46-1.33) 0.81 (0.51-1.29) 1.28 (0.79-2.09) 

   Quartile 4 1.06 (0.66-1.70) 1.12 (0.66-1.89) 0.98 (0.61-1.56) 1.17 (0.72-1.88) 

 Ptrend= 0.77 Ptrend=0.77 Ptrend=0.69 Ptrend= 0.69 

TV     

   <1 hour 1.00 1.00 1.00 1.00 

   1 hour 0.85 (0.46-1.55) 1.16 (0.62-2.15) 0.92 (0.52-1.62) 1.11 (0.61-2.01) 

   2-3 hours 1.59 (0.93-2.71) 1.21 (0.71-2.06) 

2. 

1.41 (0.89-2.32) 1.14 (0.68-1.91) 

  ≥4 hours 2.35 (1.29-4.27)* 1.30 (0.71-2.38) 1.54 (0.89-2.68) 1.75 (0.99-3.11) 

 Ptrend< 0.01 Ptrend=.41 Ptrend=0.03 Ptrend= 0.05 

Computer     

   <1 hour 1.00 1.00 1.00 1.00 

   1 hour 1.26 (0.84-1.89) 0.79 (0.50-1.26) 1.34 (0.91-1.97) 1.33 (0.90-1.97) 

   2-3 hours 1.23 (0.78-1.94) 1.13 (0.69-1.84) 0.97 (0.63-1.49) 1.26 (0.81-1.95) 

   ≥4 hours 0.88 (0.44-1.76) 0.81 (0.37-1.74) 1.14 (0.59-2.20) 0.76 (0.39-1.50) 

 Ptrend= 0.58 Ptrend=0.94 Ptrend=0.73 Ptrend= 0.62 

Non-HDL = non-HDL cholesterol. High waist circumference, systolic blood pressure, non-HDL, and C-reactive 

protein refers to the highest quartile of these variables. All models were adjusted for age, gender, race, SES, 

smoking, total fat, saturated fat, cholesterol, sodium, and MVPA. The models for breaks in sedentary behavior 

were also adjusted for the volume of sedentary behavior. *P≤0.05.
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Figure 1.  Examples of physical activity and sedentary behavior variables derived from 

accelerometry data in one participant. The x-axis represents 7 hours of time, in 1 minute 

epoch values, of the accelerometry measurements. The height of the data on the y-axis 

represents the intensity of the epoch values, with higher data points equaling higher 

intensities. 
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Chapter 5 

 

 

 

 
The mediating effects of dietary habits on the relationship between television viewing and 

body mass index among youth 
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ABSTRACT 

Objective: There is evidence to suggest that excessive television viewing is an independent 

determinant of obesity in young people. However, the pathways between television viewing 

and obesity are not fully understood. Therefore, the purpose of this study was to examine 

whether the relationship between television viewing and body mass index (BMI) is mediated 

by television snacking and junk food consumption. 

Methods: Results are based on 15,973 youth in grades 6-10 who participated in the Canadian 

2009/10 Health Behaviour in School-aged Children Survey (HBSC). Participants self-

reported their weight and height and body mass index (BMI) z-scores were calculated based 

on World Health Organization growth standards. Participants reported the frequency of 

snacking while watching television and the frequency of eating junk food (sweets, soft 

drinks, baked goods, french fries, potato chips). Total hours per week of television were 

calculated. A contemporary multiple mediation analysis was used to examine associations. 

Results: A modest positive relationship was observed between television viewing and BMI. 

The mean BMI z-score was 0.15 units higher among youth in the highest television viewing 

quartile by comparison to the youth in the lowest quartile. However, television snacking and 

junk food consumption were not significant positive mediators of the television and BMI 

relationship. 

Conclusion: The pathways between television viewing and obesity are complicated and 

remain poorly understood. Future research using longitudinal or experimental designs, more 

precise measurement tools, and formal mediation analyses is needed. This research should 

consider mediators related to both energy intake and expenditure. 

Key Words: Adolescent, Food Habits, Obesity, Television   
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INTRODUCTION 

To develop effective interventions and public health strategies to combat the global 

pediatric obesity crisis, it is necessary to understand the determinants of obesity and the 

pathways by which these determinants exude their influence. Three recent literature reviews 

found a consistent association between excessive television viewing and obesity among 

children and youth; however, similar findings were not observed for other screen time 

behaviors such as computer and video game use.
1-3

 Similarly, a recent study among a 

representative sample of American children and adolescents reported that television use but 

not computer use or the overall volume of sedentary behavior was associated with obesity.
4
 

It has been suggested that the relationship between television viewing and obesity is 

more likely due to an increased energy intake than decreased energy expenditure. Although 

television viewing may be at the lowest end of the energy expenditure continuum,
5
 increased 

television viewing was associated with a minimal reduction in 24 hour energy expenditure in 

one study.
6
 Conversely, excessive television viewing among children and youth has been 

linked to a higher intake of energy-dense foods, drinks, and fast foods.
7
 This may be 

attributable in part to the high exposure to junk food advertisements,
8, 9

 which may influence 

young people’s food preferences and purchase requests.
8
  Furthermore, television may act as 

a prompt to eat and a distraction when eating; thereby, providing a context for snacking and 

overeating.
7, 10, 11

 Amongst the screen time behaviors, this context is somewhat unique to 

television viewing because young people’s hands are constantly available to use for eating 

unlike video games and computers.
12

    

Two previous studies have tested whether the influence of television on body mass 

index (BMI) and obesity is mediated by dietary habits.
10, 13

 Francis and colleagues examined 

whether the relationship between television viewing at age 7 and the change in BMI between 
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5 and 9 years of age was mediated by snacking and fat from snacks at age 7 among 173 

girls.
10

  Modest positive mediating effects (path coefficients ~ 0.28) of snacking and fat from 

snacking were observed among girls from overweight families but not among girls from non-

overweight families.
10

 Ekelund and colleagues considered whether eating meals while 

watching television mediated the relationship between television viewing and adiposity 

among ~2000 children and youth.
13

 The relationship between television viewing and 

adiposity was attenuated after the eating meals while watching television variable was added 

to the model.
13

 However, the results of these two studies should be interrupted with caution. 

Specifically, the generalizability of the findings is limited in the first study due to the small 

and homogeneous sample.
10

 Since the second study did not conduct a formal mediation 

analysis, it is unknown whether eating behaviors were mediating or confounding the 

relationship.
13

  

The purpose of this study was to use a contemporary mediation analysis to examine 

whether the relationship between television viewing and BMI is mediated by television 

snacking and junk food consumption. We examined these relations in a large and 

representative sample of Canadian youth.  The findings of this study may help us further 

understand the mechanisms by which excessive television viewing influences pediatric 

obesity. 

 

METHODS 

Study Overview 

The study was based on a sample of Canadian youth in grades 6-10 who participated 

in the Health Behaviour in School-aged Children Survey (HBSC). Responses from the HBSC 

questionnaire were used to estimate BMI, television viewing, frequency of snacking while 
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watching television, frequency of eating junk food, and potential confounders. Linear 

regression models and a contemporary multiple mediation analysis approach
14, 15

 were used 

to assess the total, direct, and indirect effects of television viewing on BMI.  The ‘total 

effect’ represents the relationship between television viewing and BMI, without taking into 

account mediator variables. The ‘direct effect’ represents the relationship between television 

viewing and BMI after accounting for the television snacking and junk food mediator 

variables (see Figure 1). The ‘indirect effect’ represents the relationship between television 

viewing and BMI that occurs through the television snacking and junk food mediator 

variables (see Figure 1).  

Study Sample 

 

The study is based on the Canadian 2009/10 HBSC. The HBSC is a World Health 

Organization sponsored cross-sectional survey conducted in over 40 countries. It consists of 

a classroom-based questionnaire about health behaviors, lifestyle factors, and demographics. 

The Canadian sample was designed according to the international HBSC protocol in that a 

cluster design was used with school class being the basic cluster and the distribution reflected 

the distribution of Canadians in grades 6-10. The sample was weighted to account for 

oversampling of certain provinces and territories. The total sample consisted of 26,078 

students who attended 436 different schools across Canada. A more detailed description of 

the HBSC study design is provided in Appendix C. We excluded participants who did not 

respond to the measures of interest, leaving 15,973. In comparison to the total sample, the 

final sample was slightly older (0.5 years) and included slightly more female (2.8%) and 

Caucasian participants (9.1%). Ethics approval was obtained from the Queen’s University 

General Research Ethics Board. The ethics approval document is provided in Appendix A. 
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Consent was obtained from participating school boards, individual schools, parents, and 

students. 

Study Measures 

Body Mass Index (BMI) 

 Participants self-reported their weight in pounds or kilograms and their height in 

feet/inches or centimeters. BMI was calculated (kg/m
2
), age- and sex-specific BMI z-scores 

were calculated based on World Health Organization growth standards, and participants were 

classified as non-overweight, overweight, or obese based on these same standards.
16

 All 

HBSC student questionnaire items used in this manuscript are provided in Appendix F. 

Television Viewing 

The amount of time spent watching television was assessed using the following 

question: “About how many hours a day do you usually watch television (including videos 

and DVDs) in your free time?” There were nine response options for both weekday and 

weekend use ranging from, “None at all” to “7 or more hours a day”.  Weighted means for 

weekday and weekend use were used to calculate total weekly hours. Then television 

viewing was categorized into quartiles. A previous validation study reported that a brief 

questionnaire used to measure television viewing, similar to that used in the HBSC, was 

significantly correlated (r=0.47) with television viewing measured by a weekly log among 

11- to 15-year-olds.
17

 

Television Snacking and Junk Food Mediators 

 Mediating variables included the frequency of snacking while watching television 

and the frequency of eating junk food. Television snacking was assessed using the following 

question: “How often do you eat a snack while you watch television (including videos and 
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DVDs)?” There were seven response options ranging from, “Never” to “Everyday”. Junk 

food was assessed by using the following question, “How many times a week do you usually 

eat or drink...?” (1) “sweets (candy or chocolate)”, (2) “coke or other soft drinks that 

contain sugar”, (3)“cake, pastries, or donuts”, (4) “potato chips”, and (5) “French fries”. 

Each of the five items had seven response options ranging from “Never” to Everyday, more 

than once”. The responses from the five items were averaged to create an overall junk food 

score; higher scores reflected a great consumption of junk food. The internal consistency for 

the junk food items in this study was α=0.77. 

Potential Confounders 

Confounders considered in the analyses were based on assumptions of confounding
18

 

and previous literature describing relationships between screen time and obesity.
2, 3

 They 

consisted of gender, age in months, age
2
, race (Caucasian, other), family structure (both 

parents, single parent, parent and step parent, and other),
19

 socioeconomic status (SES), 

currently dieting (yes or no), and dieting in the last 12 months (yes or no). SES was measured 

using the previously validated family affluence scale which includes the summation of 4 

items regarding family wealth (car ownership, bedroom sharing, holiday travel, and 

computer ownership).
20

 Participants were divided into low, medium, and high SES groups 

using the established cut-points for this scale.
20

  

Statistical Analysis 

Analyses were completing using SAS version 9.2 (SAS Institute Inc., Cary, NC).  

Error estimates and 95% confidence intervals (CI) were adjusted in all regression models 

using the SURVEYREG procedure to account for clustering by school class and sample 

weights.   
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To address the main study objective, the total, direct, and indirect effects of television 

viewing on BMI z-scores were estimated. The total and direct effects were estimated using 

multiple linear regression models. The indirect effects were estimated using a bootstrap 

sampling procedure with 1000 resamples, which took into account multiple mediators.
14, 15

 

This procedure calculated point estimates and bootstrap percentile 95% confidence intervals 

based on the product of regression coefficients estimated in multiple linear regression models 

(indirect effects a1* b1 and a2* b2 in Figure 1) for each resample.
14

 There was evidence of 

mediation if zero was not included in the confidence interval.
14

 Multiple mediator models 

were used to estimate the indirect effect of one mediator variable (e.g., television snacking) 

while controlling for the effects of other mediators (e.g., junk food).
15

  Findings from 

simulation research suggest that this bootstrap sample procedure is one of the most valid and 

powerful methods for testing mediation.
21

 A more detailed description of the bootstrapping 

mediation procedure is provided in Appendix I. Gender, age, age
2
, race, family structure, 

SES, currently dieting, and dieting in the past year were the confounders included in the 

regression analyses.  

Along with the analyses performed to address the main objective, some additional 

analyses were conducted. Specifically, linear regression was used to examine the 

relationships between television viewing, television snacking, and junk food (path a1 and a2 

in Figure 1) and television snacking, junk food, and BMI z-scores (path b1 and b2 in Figure 

1). These analyses also controlled for the confounders used in the main analyses. 

Furthermore, participants’ BMI z-scores were dichotomized into non-overweight (< +1 SD) 

and overweight/obese (+1 SD) and the analyses were repeated using logistic regression 
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models. Examples of SAS output for all types of statistical tests used in this manuscript are 

provided in Appendix O. 

 

RESULTS 

Descriptive Analyses 

Participant characteristics are in Table 1. Approximately 48% were male and the 

average age was 14. Participants watched a median of 16 hours of television per week.  

According to the World Health Organization BMI standards, 18% of participants were 

overweight and 8% were obese. 

Relation between Television Viewing and Dietary Habits 

 After adjusting for confounders, a modest positive association was observed between 

television viewing and television snacking. By comparison to television viewing quartile 1, 

the frequency of television snacking on the 7-point scale was 0.65 (95% CI: 0.57, 0.74) units 

higher in quartile 2, 0.92 (0.84, 1.01) units higher in quartile 3, and 1.35 (1.26, 1.45) units 

higher in quartile 4. A similar pattern was observed for junk food consumption. In 

comparison to television viewing quartile 1, the frequency of junk food consumption on the 

7-point scale was higher in quartile 2 (0.19: 0.13, 0.24), quartile 3 (0.37: 0.31, 0.42), and 

quartile 4 (0.61: 0.55, 0.67).  

Relation between Dietary Habits and BMI Z-Scores 

Surprisingly, after adjusting for confounders, a small negative association between 

television snacking and BMI z-scores was observed. For every 1 unit increase in the 7-point 

television snacking scale, the BMI z-scores decreased by 0.03 (-0.05, -0.01). Conversely, 

junk food consumption was not associated with BMI z-scores. Similar magnitude and 
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direction of associations were seen when predicting overweight/obesity with logistic 

regression models (data not shown). 

Relation between Television Viewing and BMI Z-Scores 

 Total Effect.  The association between television viewing and BMI z-scores, without 

taking into account mediator variables but after adjusting for confounders, are shown in 

Table 2. There was a modest positive relationship such that the mean BMI z-score was 0.15 

units higher among youth in the highest television viewing quartile by comparison to the 

youth in the lowest quartile. 

Direct Effect.  The associations between television viewing and BMI z-scores, after 

accounting for the television snacking and junk food mediator variables and the confounders, 

are also shown in Table 2. Similar to the total effect, a positive relationship was observed for 

the direct effect; however, the relationship was stronger.  For example, the mean BMI z-score 

was 0.22 units higher among youth in the highest television viewing quartile by comparison 

to the youth in the lowest quartile.   

Indirect Effect. The indirect effects of snacking and junk food on the relationship 

between television viewing and BMI z-scores are shown in Table 3. Junk food consumption 

did not mediate the relationship between television viewing and BMI z-scores. Conversely, 

television snacking did mediate the relationship; however, it was a negative mediator. This 

implies that television snacking did not explain the positive relationship between television 

viewing and BMI.  

Similar magnitude and direction of associations were seen for total, direct, and 

indirect effects when the categorical obesity measure was used in place of continuous BMI z-

scores (data not shown). 
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DISCUSSION 

This study examined whether television snacking and junk food consumption 

mediated the relationship between television viewing and BMI in a large cross-sectional 

sample of Canadian youth. Although a modest positive relationship was observed between 

television viewing and BMI, this positive relationship was not attributable to increased 

snacking and junk food consumption in youth with higher BMI values. In fact, to our 

surprise, a negative relationship, albeit a small one, was observed between television 

snacking and BMI.  

Our finding that television viewing is positively related to snacking
7
 and BMI z-

scores
1-3, 22

 in youth is consistent with several literature reviews of cross-sectional studies, 

longitudinal studies, and randomized controlled trials. Meta-analyses conducted within the 

literature reviews examining the relationship between television viewing and BMI have 

reported small
1
 to modest

22
 effects, which is also consistent with the present study. These 

findings suggest that interventions and initiatives aiming to reduce obesity in young people 

may have a greater impact if they target multiple behaviours, such as moderate-to vigorous-

intensity physical activity, television viewing, and dietary habits.
23

 

Also similar with the findings regarding television snacking of the present study, two 

previous cross-sectional studies observed that the frequency of snacking,
24, 25

 frequency of 

television food consumption,
25

 and the percentage of energy intake from snacks
24

 were 

modest negative predictors of overweight and obesity among youth. The counter intuitive 

observation could potentially be explained by information bias and/or study design issues.  

More specifically, recall and social desirability biases associated with the self-report 

measures of television snacking, height, and weight in the present study may have resulted in 

measurement error. For example, previous studies have shown that overweight youth are 
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more likely to underestimate their dietary intake as well as their weight in comparison to 

non-overweight youth.
26-28

 Furthermore, the present study measured the frequency of 

snacking and not portion sizes or the type of food consumed while snacking. Therefore, it is 

possible that youth with greater BMI z-scores ate larger portions of food or more energy-

dense foods when snacking, leading to higher caloric intake of snacks compared to youth 

with healthier BMI z-scores.
25

 Finally, the temporality of relations between variables 

observed in this cross-sectional study needs to be considered.
29

 Specifically, overweight 

youth may have altered their dietary patterns in response to their weight,
24, 29

 and even 

though we adjusted for dieting, residual confounding may have occurred.
18

 

Compared to the previous two studies that found a modest negative relationship 

between snacking and overweight and obesity among youth, the negative relationship 

observed in this study was small. Due to the sample size, the present study had the power to 

detect small associations. It is important to note that although this association was 

statistically significant, it is likely too small to be of clinical significance. In fact, the 

difference in average snacking score (measured on a 7-point scale) between non-overweight, 

overweight, and obese groups was ≤ 0.1. 

To our knowledge, only two previous studies have tested the mediating effects of 

dietary habits on the relationship between television viewing and BMI among young 

people.
10, 13

 While both of these studies observed mediating effects,
10

 only one of them 

reported the magnitude and direction of the effects.
10

 In this longitudinal study, modest 

positive path coefficients (~0.28) were observed between television viewing, snacking 

frequency, fat from snacks, and change in BMI among girls from overweight families.
10

 

Thus, in contrast to the present study, the mediating variables explained the positive 
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association between television viewing and BMI. The more precise measures of snacking and 

BMI, the stratification of overweight and non-overweight families, as well as the longitudinal 

study design may explain the difference in findings from those observed in our study.
29

 

While we focused on the mediating effects of dietary aspects (and therefore of energy 

intake) on the relation between television viewing and BMI, we cannot discount the potential 

relevance of the energy expenditure aspects. Although one study found a minimal relation 

between 24 hour energy expenditure and television viewing,
6
 even a modest change in 

energy expenditure may have a meaningful impact on BMI when added up over weeks, 

months, or even years. This is especially the case given the amount of time today’s youth 

spend watching television (2.5 - 4 h/day on average in Canadian and American youth).
30, 31

 

Strengths of this study include the use of a large population-based sample and the 

multiple mediator analyses. A primary limitation of this study is the cross-sectional design, 

which limits the ability to make causal inferences about the relationships. Additionally, the 

biases associated with the use of self-report data for all of the study variables may have 

resulted in an overestimation or underestimation of the true associations. The fact our final 

sample was not representative of the population in terms of age, gender, and race is another 

limitation. Furthermore, the relationship between television viewing and obesity may differ 

by the type of television programming;
32

 however, the HBSC survey did not assess the 

content type of television viewing. Finally, although a variety of potential confounders were 

considered, it is possible that other unmeasured confounders had an influence on the 

relationships, such as growth rate and total energy intake.  
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CONCLUSION 

Television viewing was positively associated with BMI, snacking, and junk food 

consumption. However, television snacking and junk food consumption were not significant 

positive mediators of the television viewing and BMI relationship. Due to limitations within 

the existing literature and an overall dearth of information, the pathways between television 

viewing and obesity appear complicated and remain poorly understood. Future research 

using longitudinal or experimental designs, more precise measurement tools, and formal 

mediation analyses is needed. This research should consider mediators related to both energy 

intake and expenditure. 

 

WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT 

 Excessive television viewing is associated with obesity among the pediatric 

population. 

 Although there is limited supporting evidence, it is thought that poor dietary habits 

explain the relationship between television viewing and obesity. 

 

WHAT THIS STUDY ADDS 

 This was one of the first studies to formally test the mediating effects of dietary habits 

on the television and BMI relationship. 

 Dietary habits did not explain the positive relationship between television viewing 

and BMI in this study. 
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Table 1. Participant characteristics of the 2009/10 Canadian Health Behaviour in School-aged 

Children Survey 

 

 Total (N = 15,973) 

Gender (%)  

     Male 48.4 

     Female 51.6 

Age 14.1 (12.8-15.3) 

Race (%)  

   Caucasian 77.2 

   Other 22.8 

 BMI (WHO; %)†  

    Non-overweight 73.9 

    Overweight (+1 SD) 17.8 

    Obese (+2 SD) 8.3 

BMI (IOTF; %)†  

     Non-overweight 77.4 

     Overweight 16.8 

     Obese 5.8 

Television, hours/week 16.0 (7-24) 

Data presented as prevalence for categorical variables and as median (inter-quartile range) for  

the continuous variables. 

†BMI = Body mass index according to World Health Organization (WHO) 
16

 and International  

Obesity Task Force (IOTF) 
33

 classification. 
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Table 2. The total and direct effects of television viewing on BMI z-scores in the 2009/10 Canadian Health 

Behaviour in School-aged Children Survey 

 

Television 

 

 

 

Total Effect  Direct Effect 

 β 95% CI†  β 95% CI† 

Quartile 1      

            

          

             Referent             Referent 

Quartile 2                      0.06 -0.01, 0.14  0.10 0.02, 0.17*  

Quartile 3                         0.12 0.05, 0.20*  0.17 0.10, 0.25* 

Quartile 4            0.15 0.06, 0.24*  0.22 0.14, 0.31* 

†β = Beta coefficient and 95% CI = 95% confidence interval. 

The total effect model was adjusted for gender, age, age
2
, race, family structure, socioeconomic status, currently 

dieting, and dieting in the past year.  

The direct effect model was adjusted for television snacking and junk food consumption in addition to gender, 

age, age
2
, race, family structure, socioeconomic status, current dieting, and dieting in the past year. 

* P≤0.05. 
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Table 3. The indirect effects of snacking and junk food on the relationship between television viewing and BMI z-scores in the 2009/10 Canadian Health 

Behaviour in School-aged Children Survey. 

 

Television Specific Indirect Effect for 

 

Television Snacking 

 Specific Indirect Effect for Junk 

 

 Food Consumption 

 Total Indirect Effect (Snacking +  

Junk Food) 

 Point Estimate Percentile 95% CI†  Point Estimate Percentile 95% CI†  Point Estimate Percentile 95% CI† 

   Quartile 1                          Referent  Referent  Referent 

   Quartile 2                      -0.03 -0.04, -0.02*  <-0.01 -0.01, <0.01  -0.03 -0.04, -0.02* 

   Quartile 3                         -0.04 -0.05, -0.03*  <-0.01 -0.01, 0.01  -0.04 -0.06, -0.03* 

   Quartile 4            -0.06 -0.08, -0.04*  <-0.01 -0.02, 0.01  -0.06 -0.09, -0.04* 

†Percentile 95% CI = Bootstrap percentile 95% confidence interval. 

Gender, age, age
2
, race, family structure, socioeconomic status, currently dieting, and dieting in the past year were adjusted for in all analyses.  

*P≤0.05.
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Figure 1. The direct effect and indirect effects of television viewing on BMI z-scores, when considering television snacking and junk 

food consumption as mediator variables
14
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Chapter 6 

 

 

 

 
Urban and rural differences in sedentary behavior among American and Canadian youth 
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ABSTRACT 

 

We examined relationships between urban-rural status and three screen time 

behaviors (television, computer, video games), and the potential mediating effects of parent 

and peer support on these relationships. Findings are based on American (n=8563) and 

Canadian (n=8990) youth in grades 6-10 from the 2005/06 Health Behaviour in School-aged 

Children Survey. Weekly hours of individual screen time behaviors were calculated. Urban-

rural status was defined using the Beale coding system. Parent and peer support variables 

were derived from principal component analysis. In comparison to the referent group (non-

metro adjacent), American youth in the most rural areas were more likely to be high 

television users and less likely to be high computer users. Conversely, Canadian youth in 

medium and large metropolitan areas were less likely to be high television users and more 

likely to be high computer users. Parent and peer support did not strongly mediate the 

relationships between urban-rural geographic status and screen time. These findings suggest 

that interventions aiming to reduce screen time may be most effective if they consider 

residential location and the specific screen time behavior.   

 

Keywords: Urban-rural health, sedentary behaviour, youth, mediation 
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INTRODUCTION 

 

Sedentary behavior has only recently been recognized as an important determinant of 

health. Sedentary behavior is not simply the opposite of moderate-to vigorous-intensity 

physical activity; rather, it is the engagement in activities that involve minimal body 

movement with little energy expenditure.
1, 2

 Americans spend 55% of their waking time (7.7 

hours/day) in sedentary behavior, and adolescents are one of the population groups with the 

highest sedentary behavior levels.
3
 Excessive sedentary behavior in adolescents is of concern 

as it may be an independent risk factor for obesity and related cardiovascular and metabolic 

abnormalities.
4-6

 A major source of sedentary behavior in youth is screen time, or time spent 

watching television and movies, playing video games, and using computers.
2
 To illustrate, 

the average 11- to15-year-old in the United States and Canada accumulates more than 4.5 

hours of screen time in a typical day.
7, 8

 

Screen time levels vary between different subgroups of the adolescent population.  

Boys have higher daily screen time than girls and older youth also have notably high levels 

than younger youth.
7, 8

 A comparison of screen time levels in youth across urban-rural 

geographic groups also warrants consideration as youth living in extreme urban and rural 

environments experience increased health risks.
9-11

 Existing research on this comparison has 

produced mixed results. Some studies have found no differences in screen time between 

urban and rural youth,
12, 13

 while others have found greater daily screen time in urban
14, 15

 and 

rural populations.
16

 The inconsistencies may be due to the different screen time measures 

used across studies. For example, some studies have used a summary screen time measure 

(e.g., television + computer + video games),
12-14

 while others have examined individual 

screen time activities.
15, 16

 In addition, the inconsistencies may be due to the crude 
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categorization of urban-rural geographic status employed in most studies, despite the fact 

there may be a marked urban-rural gradient.
17-19

 These limitations are problematic since 

access to certain screen time activities, such as computer and internet, may differ along this 

gradient.
20

 Only one study has considered a multi-point ordinal scale to measure urban-rural 

geographic status and it observed a trend of decreasing prevalence of high screen time use 

when moving from the most urban to most rural group.
14

 However, this study used a 

summary screen time measure that might mask relationships with more specific measures of 

screen time use; thus, it is unknown if this relationship is consistent among individual screen 

time activities. 

Furthermore, to our knowledge no existing study has examined factors that could 

mediate or explain urban-rural differences in screen time levels among youth.  If 

psychosocial factors account for urban-rural differences, the focus of public health efforts 

could be on modifying these psychosocial factors; otherwise, the focus would need to be on 

identifying and modifying structural or environmental urban-rural characteristics that might 

account for urban-rural differences. Parent and peer support are two potential psychosocial 

mediators to consider. Traditionally, overall social support has been higher in smaller 

communities in comparison to large urban areas.
21

 This may be explained by the social 

disorganization theory which posits that crime, residential mobility, and ethnic heterogeneity 

in large urban areas reduces social cohesion
22

 and the quality of social relationships.
21, 23

 

Sources of social support may also differ between urban and rural areas. For example, rural 

populations tend to have close family-based relationships, whereas urban populations tend to 

have more non-relative or friend-based relationships.
21

 This may partly be explained by 

differing parenting styles between urban and rural parents. Specifically, urban parents tend to 
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place a greater emphasis on the social development of their children to help them foster 

friendships with peers.
24

  

While urban-rural geographic status may influence parent and peer support, parent 

and peer support may in turn influence the engagement in screen time activities. For 

example, a recent study of American and Canadian youth reported that the quality of parent 

(negative) and peer (positive) relationships was associated with screen time use.
8
 Similarly, 

perceptions of parent and peer behaviors influence the engagement in other health behaviors 

among youth, including smoking, drug use, and alcohol consumption.
25, 26

 Interestingly, 

perceptions of parents’ behaviors and peer use mediate the relationship between the 

neighborhood environment and youths’ smoking and alcohol consumption behaviors.
27

 Thus, 

parent and peer support warrant study as potential mediators of the geographic relationship 

with screen time. 

The purpose of this study was to comprehensively examine the relationships between 

urban-rural geographic status, parent and peer support, and screen time behaviors in 

representative samples of American and Canadian youth. The primary objectives were to (1) 

examine urban-rural differences in individual screen time behaviors using geographic 

measures that take into account population size and proximity to metropolitan settlements 

and (2) examine whether parent and peer support variables mediate the relationship between 

urban-rural geographic status and individual screen time behaviors. A secondary objective 

was to determine whether the relationship between urban-rural geographic status and screen 

time is consistent across both countries. Since screen time is negatively associated with a 

variety of health outcomes,
8
 geographic differences in screen time may help explain the 

increased health risk associated with living in extreme urban and rural environments. Thus, it 
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is of public health importance to understand if and why geographic differences exist in screen 

time behaviors. This knowledge can help guide interventions and initiatives aiming to reduce 

screen time in an effort to improve the health of youth across geographic regions. 

 

METHODS 

Study Overview 

 

The study was based on population-based samples of American and Canadian youth 

in grades 6-10 who participated in the Health Behaviour in School-aged Children Survey 

(HBSC). Responses from the HBSC questionnaire were used to measure three screen time 

behaviors (television, computer, video games), parent and peer support, and the potential 

confounders. Based on the location of the school, HBSC participants were placed into 7 

different urban-rural geographic status groups according to the Beale Continuum Coding 

system.
17-19

 Regression models and a contemporary multiple mediation analysis approach
28,29

 

were used to assess the ‘total effect’, ‘direct effect’, and ‘indirect effect’ of urban-rural 

geographic status on the screen time measures, as illustrated in Figures 1 and 2. The ‘total 

effect’ represents the relationship between urban-rural geographic status and the screen time 

variables, without taking into account mediator variables. The ‘direct effect’ represents the 

relationship between urban-rural geographic status and the screen time variables after 

accounting for the parent and peer support mediator variables. The ‘indirect effect’ represents 

the relationship between urban-rural geographic status and the screen time measures that 

occur through the parent or peer support mediator variables.  
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Participants 

 

 The study is based on the American and Canadian records of the 2005/2006 HBSC. 

The HBSC is an ongoing World Health Organization sponsored cross-sectional survey and in 

2005/2006 it was conducted in 44 countries.
30

 The survey consisted of a classroom-based 

questionnaire that requests information about health behaviors, lifestyle factors, and 

demographic information. The US and Canadian samples were designed according to the 

international HBSC protocol in that a cluster design was used with school class being the 

basic cluster. The distribution reflected the distribution of US and Canadian students in 

grades 6 to 10. A more detailed description of the HBSC study design is provided in 

Appendix C.   

The US sample included an oversample of African-American and Hispanic youth and 

was weighted accordingly. Approximately 62% of the schools contacted consented to 

participate and 87% of eligible students consented and completed the survey resulting in a 

sample of 9,016 from 226 schools. A total of 8,563 participants completed items relevant to 

these analyses and constituted our sample. There were no significant differences in body 

mass index (P>0.05) between the participants that were included or excluded from the final 

sample. However, the final sample was slightly older (0.28 years) and included slightly more 

females (5.5%; P<0.01). The study protocol was reviewed and approved by the Institutional 

Review Board of the Eunice Kennedy Shriver National Institute of Child Health and Human 

Development.  

The Canadian sample was self-weighted as per the international protocol. 

Approximately 74% of the students selected consented to participate and completed the 

questionnaire. The total sample consisted of 9,672 students from 188 schools across Canada. 
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We excluded participants who did not respond to the measures of interest, leaving a total of 

8,990 students. Ethics approval was obtained from the Queen’s University General Research 

Ethics Board. The ethics approval document is provided in Appendix A. There were no 

significant differences in body mass index (P>0.05) between the participants that were 

included or excluded from the final sample. However, the final sample was slightly older 

(0.33 years) and included slightly more females (7.3%; P<0.01). Consent was also obtained 

from participating school boards, individual schools, parents, and students. 

Urban-rural Geographic Status (Exposure) 

 Urban-rural geographic status was defined in both country samples using the Beale 

Continuum Coding system, which classified each participant based on the zip code or postal 

code of their school. The Beale system was first developed by the US Department of 

Agriculture.
17-19

 This system has been modified in Canada to correspond with census 

divisions; Canadian census divisions compare reasonably well to counties in the US.
18, 19

  

The 7 categories in the Beale system consisted of: 1) Large Metro, a county (US) or census 

division (Canada) in a metro area with a population of 1 million or greater; 2) Medium 

Metro, a county or census division in a metro area with a population of 250,000 to 999,999; 

3) Small Metro, a county or census division in a metro area with a population of 50,000 to 

249,999; 4) Non-Metro (adjacent), an urban population or census division that shares a 

boundary with a metro area and has a population of 20,000 or greater; 5) Non- Metro (non-

adjacent), an urban population or census division that does not share a boundary with a metro 

area and has a population of 20,000 or greater; 6) Rural (adjacent), an urban population or 

census division that shares a boundary with a metro area and has a population of 19,999 or 

less; 7) Rural (non-adjacent), an urban population or census division that does not share a 
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boundary with a metro area and has a population of 19,999 or less.
17-19

 A more detailed 

description of the Beale Continuum Coding system is provided in Appendix J. The Beale 

Continuum Coding system has been previously applied to study urban-rural geographic 

status and a variety of health issues in both the US and Canada.
14, 31-33

  

Screen Time (Outcome) 

The three screen time measures were determined using the following questions: 

“About how many hours a day do you usually watch television (including videos and DVDs) 

in your free time?”, “About how many hours a day do you usually play video games on a 

computer or games console (Playstation, Xbox, GameCube, etc.) in your free time?” and 

“About how many hours a day do you usually use a computer for chatting on-line, internet, 

emailing, homework, etc. in your free time?” For each question there were 9 response 

options ranging from “none at all” to “about 7 or more hours a day”. All HBSC student 

questionnaire items used in this manuscript are provided in Appendix F. Weighted means of 

weekday and weekend use were used to calculate the total hours per week. A previous 

validation study has been conducted on a television viewing time questionnaire that was 

similar to the one used in the HBSC. It found an adequate and significant correlation (r=0.47) 

with television viewing time measured by a seven day detailed log among adolescents.
34

 

Mediators 

Parent mediator variables included family structure, parent-child communication, and 

parental employment. Family structure was assessed by asking participants a question about 

who they lived with most of the time, and from these responses four groups were formed: 

both parents, parent and step parent, single parent, and other.
35

 Parent-child communication 

was assessed by asking participants how easy it is to talk to their father and how easy it is to 
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talk to their mother about things that really bother them. There was a 5-point response scale 

for each question, ranging from “very easy” to “don’t have or see this person”.
30

 Parental 

employment was assessed by asking participants if their mother had a job or if their father 

had a job. Responses formed three groups: yes, no, and other for both mother and father.
30

 

The “other” group was for participants who did not know if their mother/father was 

employed or if they did not have or see their mother/father.   

Peer mediator variables included time spent with peers, social environment in the 

classroom, and communication with peers. Time spent with peers was assessed by the 

response to two questions regarding the number of days they spend with peers right after 

school (0-5) and in the evenings (0-7).
30

 Class social environment was assessed by 3 

statements that had a 5-point response (strongly disagree to strongly agree): “The students in 

my class(es) enjoy being together”, “most of the students in my class(es) are kind and 

helpful”, and “other students accept me as I am”. Communication with peers was assessed by 

asking participants, “How often do you talk to your friends(s) on the phone or send them text 

or e-mail messages or have contact through internet?” The five response options for this 

question varied from “rarely/never” to “everyday”.
30

 

Principal component analysis was conducted for item reduction of the parent support 

mediator variables and the peer support mediator variables. For parent support, two 

components with eigenvalues greater than one emerged from the principal component 

analysis; together these components explained 57.4% of the total variance. For the first 

component, the strongest loadings were for the family structure (0.69), father-child 

communication (0.74), and father employment (0.79) items. For the second component, the 

strongest loadings were for the mother-child communication (0.75) and mother employment 
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(0.74) items. For peer support, two components with eigenvalues greater than one emerged 

from the principal component analysis; together these components explained 61.4% of the 

total variance. For the first component the strongest loadings were for the three school class 

social environment items (0.80, 0.84, 0.76). For the second component, the strongest 

loadings were for the time spent with peer items (0.83, 0.86) and the communication with 

peer item (0.58). The Anderson-Rubin method was used to calculate z-scores for each 

component that was derived from the parent and peer support principal components analyses. 

Therefore, the scores had a mean of zero, a standard deviation of one, and were 

uncorrelated.
36

 

Potential Confounders 

Potential confounding variables included age, gender, and socioeconomic status 

(SES). The family affluence scale was used to assess SES. Participants were divided into 3 

categories (low, medium, high) based on 4 indicators of family wealth (car ownership, 

bedroom sharing, holiday travel, and computer ownership).
37

 Physical activity was not 

considered as a confounder because it is not an independent risk factor for high screen 

time.
1,38

 

Statistical Analysis 

Analyses were completing using SAS version 9.2 (SAS Institute Inc., Cary, NC). 

Descriptive statistics were initially calculated, including the average of screen time behaviors 

by urban-rural geographic status. To address the two study objectives, the total, direct, and 

indirect effects illustrated in Figures 1 and 2 were estimated. The total and direct effects were 

estimated using multiple logistic regression models. The indirect effects were estimated 

using a bootstrap sampling procedure with 1000 resamples, which took into account multiple 
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mediators.
28, 29

 This procedure calculated point estimates and bootstrap percentile 95% 

confidence intervals based on the product of regression coefficients estimated in multiple 

linear regression models (indirect effects a1 and a2 in Figure 2) and multiple logistic 

regression models (indirect effects b1 and b2 in Figure 2) for each resample.
28

 There was 

evidence of mediation if zero was not included in the confidence interval.
28

 Multiple 

mediator models were used to estimate the indirect effect of one mediator variable (e.g., 

parent support) while controlling for the effects of other mediators (e.g., peer support).
29

  

Findings from simulation research suggest that this bootstrap sample procedure is one of the 

most valid and powerful methods for testing mediation.
39

 A more detailed description of the 

bootstrapping mediation procedure is provided in Appendix I. Age, gender, and SES were 

the potential confounders identified for the regression analyses based on previous literature 

describing relationships between urban-rural geographic status and screen time.
14-16

 

However, age and gender were not associated with urban-rural geographic status; therefore, 

they did not meet the assumptions of confounding.
40

 Thus, all regression models were 

adjusted for SES only. Additionally, error estimates and 95% confidence intervals (CI) were 

adjusted in all regression models using either SURVEYLOGISTIC or SURVEYREG 

procedures to account for clustering by school class. These procedures calculate variance 

estimates within each cluster and then pool the estimates together. These procedures were 

also used to weight the US sample based on the oversampling of certain ethnic groups. Since 

the screen time categories were not rare outcomes, odds ratios (ORs) obtained from logistic 

regression models do not approximate relative risk. Therefore, rate ratios (RRs) were derived 

by adjusting ORs according to the proportion of the outcome in the referent groups (P0) as 

follows: RR = OR/ ((1-P0) + (P0 x OR)).
41

 The highest quartile of the screen time variables 
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was predicted in all logistic regression analyses. The middle or non-metro adjacent group 

was the referent for all analyses involving urban-rural geographic status. The use of this 

referent group allowed for the exploration of risk in both the extreme urban and extreme rural 

groups. Examples of SAS output for all types of statistical tests used in this manuscript are 

provided in Appendix O. 

 

RESULTS 

 

Descriptive Analyses 

 

Participant information for the US and Canadian samples are shown in Table 1. Sex 

and the peer mediator variables were not statistically different in the US and Canadian 

samples. However, the US sample was slightly younger, had a higher proportion of low SES 

participants, and had lower percentages of employed parents and two parent homes compared 

to the Canadian sample. In the US, the average weekly hours of screen time across urban-

rural geographic groups ranged from 17.6 to 22.1 for television, 7.9 to 9.3 for video games, 

and 7.3 to 12.1 for computer use (Table 2). In Canada, the average weekly hours ranged from 

18.4 to 20.7 for television, 10.3 to 12.2 for video games, and 11.9 to 16.2 for computer use. 

Two sample t-tests revealed that the average weekly hours of television (19.3 vs. 18.9), video 

game (11.1 vs. 8.4), and computer (14.2 vs. 9.3) use were significantly higher in the 

Canadian sample than in the US sample. 

Total Effect 

 

 There were a number of statistically significant differences in high television, video 

game, and computer use between participants in the non-metro adjacent group and other 

groups within both the American and Canadian samples (Table 3). Within the US, the most 
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meaningful patterns were observed for the most rural (rural non-adjacent) group, who were 

1.97 (95% CI: 0.97-3.96, P=0.06) times more likely to be high television users and 0.62 

(95% CI: 0.47-0.84) as likely to be high computer users compared to participants in the non-

metro adjacent group. Within Canada, the most meaningful patterns were observed for the 

large metropolitan and medium metropolitan groups. These groups had decreased risks for 

high television use and increased risks for high computer use in comparison to the non-metro 

adjacent group.  

Direct Effect 

 Most of the patterns and significant differences between groups that were observed in 

the total effect models were also found in the direct effect models for both countries (Table 

3). The risk ratios for the total effect and direct effect models also tended to be very similar.   

Indirect Effect 

Due to the fixed residual variance, the outcome variables for different logistic 

regression models have different scales and the indirect effects for logistic regression models 

cannot be calculated as the total effects minus the direct effects.
28, 42

 Therefore, the extent of 

mediation and the indirect effects need to be interpreted based on the findings from the 

bootstrapping procedure that are presented in Table 4 (US) and Table 5 (Canada). The point 

estimates for the indirect effects are based on the original dichotomous scales of the urban-

rural geographic status and screen time variables.
28

  For example, urban-rural geographic 

status was coded 1 for exposure and 0 for the reference group, non-metro adjacent. The 

screen time measures were coded 1 for high or quartile 4 and 0 for quartiles 1 through 3. 

Therefore, the point estimates can be interrupted as how much the screen time measure is 

expected to increase (positive point estimate) or decrease (negative point estimate), indirectly 
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through the parent or peer support mediator variables, with one-unit change in urban-rural 

geographic status.
28, 42

 Since high screen time is a dichotomous outcome, the potential range 

of the point estimate is 0 to 1 for positive mediators and 0 to -1 for negative mediators.     

With one exception, in the US sample there was no statistical evidence that parent or 

peer support mediated the relationship between urban-rural geographic status and the screen 

time measures (Table 4). The one exception was in the rural non-adjacent group, where a 

modest indirect effect for peer support was observed for the computer use measure. The point 

estimate was 0.18 for this indirect effect. This implies that computer use is expected to 

increase 0.18 units indirectly through peer support when moving from the non-metro 

adjacent group to the rural non-adjacent group. For the remaining indirect effects, the point 

estimates were 0.07 or less.   

In Canada, there was statistical evidence that parent and peer support mediated some 

of the relationships (11 out of 36) between urban-rural geographic status and the screen time 

measures (Table 5). However, with one exception the point estimates were 0.05 or less. This 

suggests that irrespective of statistical significance, the magnitude of the indirect effect was 

small. Similar to the US, the one exception was for the rural non-adjacent group wherein a 

modest point estimate of 0.18 was observed for the indirect effects of peer support.   

 

DISCUSSION 

This study examined urban-rural differences in individual screen time behaviors and 

the potential mediating effects of parent and peer support on these differences in large cross-

sectional samples of American and Canadian youth. In comparison to the referent group, 

American youth from the most rural areas were more likely to be high television users and 
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less likely to be high computer users. On the contrary, high television use was less likely and 

high computer use was more likely for Canadian youth living in large and medium 

metropolitan areas. For the most part, the relationships between urban-rural geographic status 

and screen time behaviors were not mediated by parent or peer support.   

 Five previous studies have examined urban-rural differences in screen time among 

youth. The findings of these studies are mixed. Two of these studies reported no differences 

in television, video game, and/or computer use between urban and rural youth.
12, 13

 

Conversely, in the 2003 US Youth Risk Behavior Survey, boys living in urban areas were 

more likely to be high video/computer game users compared to boys living in suburban or 

rural areas.
15

 The opposite association was observed between urban-rural geographic status 

and video/computer game use in a sample of grade eight boys from Texas.
16

 The 

inconsistency in findings across the previous literature and with the present study may be due 

to different measures of screen time as well as different definitions of urban-rural geographic 

status. A multi-point ordinal scale to measure urban-rural geographic status was only 

considered in one previous study;
14

 however, it is hard to compare this study with the present 

one since television and computer use were not considered separately. A key observation of 

our study is that when relations exist between urban-rural status and screen time, they tend to 

be in opposite directions for the television and computer screen time measures. 

As indicated above, there were instances in this study where specific urban-rural 

geographic status groups had an increased risk for one type of screen time behavior and a 

corresponding decreased risk for another type. For example, Canadian participants from large 

and medium metropolitan areas were more likely to be high computer users and less likely to 

be high television users in comparison to participants from non-metro adjacent areas. This 
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suggests that computer use may have been replacing some of the television use in youth 

living in large and medium metropolitan areas.
43

 Conversely, American participants in the 

rural non-adjacent group were more likely to be high television users and less likely to be 

high computer users compared to participants in the non-metro adjacent group. Poor 

accessibility of computers, or perhaps of high speed internet, may explain this relationship. 

This speculation was supported by additional analyses, which found that families of 

American participants living in rural non-adjacent areas were less likely (RR= 0.45, 95% CI: 

0.20-1.00) to own two or more computers compared to participants from non-metro adjacent 

areas.  

Interestingly, in the present study different patterns were observed between urban-

rural geographic status and screen time activities between the US and Canada. Participants in 

metropolitan areas in the US did not appear to replace television use with computer use, as 

was speculated in Canada. This finding may be due to differences in access to computers in 

metropolitan areas between countries. For example, participants from metropolitan areas in 

the US were significantly less likely to have access to a family computer compared to 

participants from metropolitan areas in Canada (P<0.001). Lower access to computers may 

also explain the different patterns of risk estimates for computer use between American and 

Canadian participants in rural areas. For example, compared to Canadian participants, a 

larger proportion of rural adjacent (2% vs. 8%) and rural non-adjacent (6% vs. 14%) 

American participants did not have access to a family computer. Furthermore, rural areas in 

the US have lower access to high-speed internet compared to rural areas in Canada. For 

example, in 2008 it was estimated that 41% of American rural households had broadband 

internet access,
20

 while in 2010 it was estimated that 78% of Canadian rural households had 



142 

broadband internet access.
44

 Along with differences in risk estimates, there were also overall 

differences in average television, video game, and computer use between countries. This 

could be due to shorter daylight hours and colder temperatures in Canada during the fall and 

winter months when the survey was completed. Thus, American youth may have spent more 

of their free time outdoors away from televisions, video game consoles, and computers.
45

  

We are unaware of previous studies that have attempted to explain the urban-rural 

differences in screen time among youth. Thus, our observation that parent or peer support did 

not strongly mediate the relationships in both American and Canadian samples provides a 

novel contribution to the literature. This finding could potentially be the result of 

misclassification of participants due to measurement error associated with the exposure, 

outcome, and mediator variables as described in more detail below in the limitations 

paragraph. Conversely, a second potential reason for this finding is parent and peer support 

may not represent the mechanisms that drive the urban-rural differences in screen time use. 

Thus, other potential mediator variables should also be explored in future studies. For 

example, as previously noted, internet accessibility may explain some of the differences. In 

addition, neighborhood environmental factors that predict excessive screen time use, such as 

perceptions of safety,
46

 satisfaction of services,
47

 and availability of sidewalks and parks,
47

 

may also differ across urban-rural geographic status groups.
48

 

From a public health standpoint, it is important to understand if and why differences 

exist in individual screen time behaviors among urban-rural subgroups of the youth 

population. This knowledge could inform future interventions aimed at reducing screen time 

among young people across geographic regions. For example, perhaps specific subgroups or 

specific screen time behaviors should be targeted. The current findings suggest that screen 
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time is high in all youth, regardless of country of residence and urban-rural geographic 

status. However, youth in the most rural areas in the US as well as youth from suburban areas 

in Canada may benefit the most from efforts aimed at replacing some time spent watching 

television with other non-screen time activities. In addition, youth from metro areas in 

Canada may benefit the most from efforts aimed at replacing some time spent using the 

computer with other non-screen time activities. 

Strengths of this study include the multiple country evaluation, use of large 

population-based samples, the multiple mediator analyses, and the comprehensive measure 

of urban-rural geographic status. A primary limitation of this study is the cross-sectional 

design, which limits the ability to make causal inferences about the relationships observed. 

Also, our final samples were not representative of the population in terms of age and gender; 

however, this was unlikely to influence the observed relationships. An additional limitation is 

the use of self-report data for the screen time measures as well as the parent and peer support 

variables. Biases associated with these self-reported data may have resulted in overestimation 

or underestimation of the true effects. Finally, since all surveys were anonymous, the 

calculation of urban-rural geographic status was based on the postal codes of participants’ 

schools and not their residences. Therefore, we are making the assumption that all 

participants’ residences can be categorized with the same geographic status as their schools. 

In conclusion, there were some differences in screen time activities in youth 

according to the size of their community and its proximity to metropolitan settlements; 

however, parent or peer support did not strongly mediate any relationships. Nonetheless, 

these findings suggest that interventions and public health initiatives aiming to reduce screen 
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time in youth may be most effective if they consider the location of residence and the specific 

screen time behavior.   
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Table 1. Participant characteristics 

 

 US (N = 8563)  Canada (N = 8990) 

Potential Confounders    

     Sex (%)    

        Male 47.9  46.8 

        Female 52.1  53.2 

     Grade (%)    

        6 25.5  17.1 

        7 20.2  18.3 

        8 20.0  19.8 

        9 16.4  24.1 

        10 17.9  20.7 

     SES (%)    

        Low 26.9  9.1 

        Medium 48.9  39.5 

        High 24.2  51.4 

Parent Support Mediators    

     Family Structure (%)    

        Both Parents 48.2  64.5 

        Parent + step parent 21.1  17.2 

        Single Parent 12.3  9.9 

        Other 18.4  8.4 

     Parent-Child Communication     

        Mother† 4.0 (1.0)  4.0 (1.0) 

        Father†    3.5 (1.0)  3.6 (1.2)  

     Mother Employment (%)    

        Yes 74.4  81.8 

        No 22.1  16.2 

        Other 3.5  2.0 

    Father Employment (%)    

        Yes 77.5  89.2 

        No 5.4  4.7 

        Other 17.1  6.1 

Peer Support Mediators    

      Time Spent with Peers‡ 2.6 (1.8)  2.7(1.7) 

      Social Class Environment† 3.5 (0.9)  3.7 (0.7) 

      Communication with Peers† 3.3 (1.5)  3.7 (1.39) 

Data presented as mean (standard deviation) or %. 

SES = socioeconomic status 

† Range of values was 1-5. 

‡ Range of values was 0-7. 
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Table 2. Mean (standard deviation) weekly hours for screen time (television, video games, and computer) per urban-rural geographic status 

 

Urban-rural Geographic Status Television Video Games Computer 

 US Canada US Canada US Canada 

Large metro 

 

19.0 (13.0) 19.3 (12.1) 8.4 (10.8) 11.8 (13.2) 9.9 (10.9) 16.2 (14.0) 

Medium metro 

 

17.6 (12.5) 18.8 (12.2) 7.9 (10.7) 10.6 (12.6) 8.4 (10.6) 15.3 (13.3) 

Small metro 

 

19.4 (12.9) 19.1 (12.1) 9.3 (11.4) 11.1 (12.5) 8.6 (10.9) 13.4 (12.7) 

Non-Metro Adjacent 

 

17.8 (13.0) 20.3 (12.7) 8.1 (10.5) 11.5 (12.7) 8.8 (10.8) 13.1 (12.7) 

Non-Metro Non-Adjacent 

 

20.7 (13.2) 18.4 (11.9) 8.8 (10.2) 10.3 (11.3) 12.1 (13.1) 

 

13.7 (12.3) 

Rural adjacent 

 

18.2 (12.4) 18.8 (11.7) 8.0 (10.2) 10.9 (11.3) 7.3 (9.7) 11.9 (12.2) 

Rural Non-Adjacent 

 

22.1 (14.2) 20.7 (12.7) 9.2 (10.9) 12.2 (12.8) 7.9 (10.8) 14.9 (13.4) 
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Table 3: The total and direct effects for the relationship between urban-rural geographic status and screen time use with parent and peer support as mediator 

variables 

 

 Television 

 

Video Games 

 

Computer 

 
 Total Effect Direct Effect Total Effect Direct Effect Total Effect Direct Effect 

Urban-rural Geographic Status 

 

RR  95% CI RR  95% CI RR  95% CI RR  95% CI RR  95% CI RR  95% CI 

US       

Large Metro                          1.15  1.10, 1.21* 1.16  1.03, 1.31* 0.97  0.69, 1.36 0.97  0.68, 1.38 1.19  0.81, 1.75 1.15  0.80,1.64 

Medium Metro                      0.95  0.79, 1.17 0.98  0.74, 1.29 0.83  0.48, 1.42 0.84  0.48, 1.46 0.83  0.42, 1.64 0.82  0.41,1.62 

Small Metro                         1.22  1.17, 1.27* 1.17  1.07, 1.28* 1.10  1.02, 1.17* 1.07  1.00, 1.13* 0.98  0.58, 1.66 0.89  0.55, 1.45 

Non- Metro Adjacent            1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 

Non-Metro Non-Adjacent                        0.96  0.30, 3.03 0.94  0.29, 3.05 1.04  0.86, 1.25 1.02  0.85, 1.22 1.67  1.21, 2.30* 1.62  1.30, 2.02* 

Rural Adjacent                              0.88  0.85, 0.91* 0.91  0.85, 0.99* 0.72  0.71, 0.73* 0.73  0.72, 0.74* 0.83  0.68, 1.02‡ 0.85  0.74, 0.99* 

Rural Non-Adjacent             1.97  0.97, 3.96† 1.82  0.84-3.92 0.89    0.50, 1.56 0.84  0.45, 1.58 0.62  0.47, 0.84* 0.51  0.36, 0.72* 

       

Canada       

Large Metro                          0.79  0.63, 0.99* 0.78  0.62, 0.97* 1.09  0.86, 1.39 1.11  0.87, 1.40 1.40  1.08, 1.81* 1.42  1.10, 1.82* 

Medium Metro                      0.82  0.67, 0.99* 0.81  0.66, 0.99* 0.93  0.78, 1.11 0.92  0.77, 1.10 1.33  1.06, 1.67* 1.30  1.05, 1.62* 

Small Metro                          0.77  0.64, 0.94* 0.76 0.63, 0.92* 0.98  0.83, 1.14 0.96  0.82, 1.12 1.07  0.88, 1.30 1.03  0.85, 1.24 

Non- Metro Adjacent           1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent) 

Non-Metro Non-Adjacent                    0.72  0.54, 0.96* 0.71  0.53, 0.95* 0.87  0.67, 1.12 0.86  0.66, 1.12 1.02  0.77, 1.34 1.01  0.77, 1.32 

Rural Adjacent                               0.85  0.60, 1.20 0.84  0.59, 1.20 0.90  0.66, 1.20 0.89  0.67, 1.17 0.83  0.46, 1.49 0.80  0.46, 1.37 

Rural Non-Adjacent           1.01  0.74, 1.37 1.01  0.74, 1.38 1.10  0.79, 1.53 1.06  0.75, 1.47 1.35  0.91, 1.98 1.15  0.78, 1.70 

Data presented as risk ratio (95% confidence interval); * P≤0.05; †P=0.06; ‡ P=0.08. 

The total effect models predicted the highest quartile of screen time variables, adjusted for socioeconomic status, and accounted for the clustered sampling design 

and the US sample weights.  

The direct effect models predicted the highest quartile of screen time variables, adjusted for parent and peer support in addition to socioeconomic status, and 

accounted for the clustered sampling design and the US sample weights.
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Table 4: The indirect effects for the relationship between urban-rural geographic status and screen time use with parent and peer support as mediator  

variables in the American sample 

 

Urban-rural Geographic Status Parent Support Peer Support 

 Point Estimate  Percentile 95% CI Point Estimate Percentile 95% CI 

Television     

Large Metro                          -0.01 -0.05, 0.03 <-0.01 -0.02, 0.01 

Medium Metro                      -0.03 -0.07, 0.01 <-0.01 -0.02, 0.01 

Small Metro                         0.03 -0.02, 0.08 0.01 -0.01, 0.03 

Non- Metro Adjacent            0 (referent) 0 (referent) 0 (referent) 0 (referent) 

Non-Metro Non-Adjacent                        0.02 -0.03, 0.08 <0.01 -0.02, 0.03 

Rural Adjacent                              -0.04 -0.09, 0.02 <-0.01 -0.03, 0.02 

Rural Non-Adjacent             0.07 -0.01, 0.14 0.02 -0.03, 0.06 

     

Video Games     

Large Metro                          <-0.01 -0.02, 0.01 <0.01 -0.02, 0.02 

Medium Metro                      -0.01 -0.03, 0.01 <-0.01 -0.02, 0.02 

Small Metro                         0.01 -0.01, 0.04 0.02 -0.01, 0.04 

Non- Metro Adjacent            0 (referent) 0 (referent) 0 (referent) 0 (referent) 

Non-Metro Non-Adjacent                        0.01 -0.01, 0.03 0.01 -0.02, 0.03 

Rural Adjacent                              -0.01 -0.04, 0.01 -0.01 -0.03, 0.01 

Rural Non-Adjacent             0.02 -0.01, 0.06 0.03 -0.02, 0.08 

     

Computer     

Large Metro                          <0.01 -0.01, 0.02 0.03 -0.01, 0.08 

Medium Metro                      <-0.01 -0.02, 0.02 0.01 -0.05, 0.05 

Small Metro                         0.01 <-0.01, 0.04 0.07 0.02, 0.13 

Non- Metro Adjacent            0 (referent) 0 (referent) 0 (referent) 0 (referent) 

Non-Metro Non-Adjacent                        0.01 -0.01, 0.03 0.03 -0.04, 0.10 

Rural Adjacent                              -0.01 -0.03, 0.01 -0.02 -0.09, 0.05 

Rural Non-Adjacent             <0.01 -0.03, 0.03 0.18 0.10, 0.28* 

Point Est. = Point Estimate; Percentile 95% CI = Bootstrap percentile 95% confidence interval. Socioeconomic status was adjusted for in all analyses.  

The clustered sampling design and sampling weights were taken into account for all analyses. 

*P≤0.05. 
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Table 5: The indirect effects for the relationship between urban-rural geographic status and screen time use with parent and peer support as mediator 

 variables in the Canadian sample 

 

Urban-rural Geographic Status Parent Support Peer Support 

 Point Estimate  Percentile 95% CI Point Estimate Percentile 95% CI 

Television     

Large Metro                          0.02 0.01, 0.03* -0.01 -0.02, <0.01 

Medium Metro                      0.01 <0.01, 0.02* <0.01 -0.01, 0.01 

Small Metro                         0.01 <0.01, 0.02* 0.01 <-0.01, 0.01 

Non- Metro Adjacent            0 (reference) 0 (reference) 0 (reference) 0 (reference) 

Non-Metro Non-Adjacent                        0.01 <-0.01, 0.02 0.01 -0.01, 0.02 

Rural Adjacent                              0.01 <-0.01, 0.02 <0.01 -0.01, 0.02 

Rural Non-Adjacent             <-0.01 -0.01, 0.01 <0.01 -0.02, 0.03 

     

Video Games     

Large Metro                          0.01 -0.01, 0.02 -0.02 -0.03, <-0.01* 

Medium Metro                      <0.01 -0.01, 0.01 0.01 -0.01, 0.02 

Small Metro                         0.01 <-0.01, 0.01 0.02 <0.01, 0.03* 

Non- Metro Adjacent            0 (reference) 0 (reference) 0 (reference) 0 (reference) 

Non-Metro Non-Adjacent                        <0.01 -0.01, 0.01 0.01 -0.01, 0.03 

Rural Adjacent                              <0.01 -0.01, 0.01 0.01 -0.01, 0.04 

Rural Non-Adjacent             <-0.01 -0.01, <0.01 0.05 0.02, 0.08* 

     

Computer     

Large Metro                          0.05 0.03, 0.07* -0.04 -0.08, <0.01 

Medium Metro                      0.03 0.01, 0.04* 0.03 -0.01, 0.06 

Small Metro                         0.02 <0.01, 0.03* 0.04 <0.01, 0.07* 

Non- Metro Adjacent            0 (reference) 0 (reference) 0 (reference) 0 (reference) 

Non-Metro Non-Adjacent                        0.02 <-0.01, 0.04 -0.01 -0.06, 0.05 

Rural Adjacent                              0.02 -0.01, 0.05 0.03 -0.04, 0.09 

Rural Non-Adjacent             <-0.01 -0.02, 0.02 0.18 0.13, 0.24* 

Point Est. = Point Estimate; Percentile 95% CI = Bootstrap percentile 95% confidence interval. Socioeconomic status was adjusted for in all analyses.  

The clustered sampling design was taken into account for all analyses. 

*P≤0.05. 
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Figure 1. The total effect of urban-rural geographic status on screen time behaviors (television,  video games, and computers)
28
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Figure 2. The direct effect and indirect effects of urban-rural geographic status on screen time behaviors (television, video games, and 

computers), when considering parent and peer support as mediator variables
28
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Chapter 7 

 

 

 

 
Neighborhood disorder and screen time among 10-16 year old Canadian youth: a cross-

sectional study 
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ABSTRACT 

Background: Screen time activities (e.g., television, computers, video games) have been 

linked to several negative health outcomes among young people. In order to develop 

evidence-based interventions to reduce screen time, the factors that influence the behavior 

need to be better understood. High neighborhood disorder, which may encourage young 

people to stay indoors where screen time activities are readily available, is one potential 

factor to consider.  

Methods: Results are based on 15,917 youth in grades 6-10 (aged 10-16 years old) who 

participated in the Canadian 2009/10 Health Behavior in School-aged Children Survey 

(HBSC). Total hours per week of television, video games, and computer use were reported 

by the participating students in the HBSC student questionnaire. Ten items of neighborhood 

disorder including safety, neighbors taking advantage, drugs/drinking in public, ethnic 

tensions, gangs, crime, conditions of buildings/grounds, abandoned buildings, litter, and 

graffiti were measured using the HBSC student questionnaire, the HBSC administrator 

questionnaire, and geographic information systems. Based upon these 10 items, social and 

physical neighborhood disorder variables were derived using principal component analysis. 

Multivariate multi-level logistic regression analyses were used to examine the relationship 

between social and physical neighborhood disorder and individual screen time variables. 

Results: High (top quartile) social neighborhood disorder was associated with approximately 

35-45% increased risk of high (top quartile) television, computer, and video game use. 

Physical neighborhood disorder was not associated with screen time activities after adjusting 

for social neighborhood disorder. However, high social and physical neighborhood disorder 

combined was associated with approximately 40-60% increased likelihood of high television, 

computer, and video game use.  
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Conclusion: High neighborhood disorder is one environmental factor that may be important 

to consider for future public health interventions and strategies aiming to reduce screen time 

among youth. 

 

Keywords: Screen time, neighborhood disorder, youth 
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BACKGROUND 

Sedentary behavior refers to sitting and lying activities that involve minimal body 

movement and low energy expenditure.
1, 2

 Sedentary behavior should not be confused with a 

lack of moderate-to vigorous-intensity physical activity (MVPA). These two behaviors are 

poorly correlated
3
 and independently predict health outcomes.

4, 5
 A substantial amount of 

young peoples’ time, approximately 8.5 hours per day or 60% of all time spent awake, is 

devoted to sedentary behaviour.
6
 A large portion of this sedentary behavior time (>4.5 

hours/day) is comprised of screen time activities such as watching television, using a 

computer, and playing video games.
7
 Screen time activities have been linked to several 

negative health outcomes such as increased violence, low quality of life, poor body self-

image, engagement in risky behaviors (e.g., drug and alcohol use), and cardio-metabolic risk 

factors (e.g., obesity, high blood pressure).
4, 5, 8-12

 Thus, reducing screen time could be an 

important component of intervention strategies aiming to improve the health of young 

people. 

Behavior change theories stipulate that to effectively change a behavior, such as 

reducing screen time, the factors that influence the behavior need to be understood in order to 

develop evidence-based interventions.
13, 14

 Two recent narrative literature reviews identified 

several demographic (e.g., sex, ethnicity, parents’ education/income) and social (e.g., 

parents’ viewing habits, number of parents in the home) factors that may influence screen 

time
15

 and television use
16

 among children and youth. However, both reviews reported that 

there is insufficient evidence to draw conclusions on many of the other potential correlates, 

especially for non-television types of screen time.
15, 16

 Of particular note was the lack of 

previous research examining the relationship between the neighborhood environment and 

screen time behaviors.  
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The ecological framework suggests that the neighborhood environment is an 

important component in understanding health behaviors.
17

 For example, the basic premise of 

the ecological systems theory is that a young person’s neighborhood environment interacts 

with their immediate context (i.e., family, peers) and their individual characteristics (i.e., age, 

gender) to influence their behaviors.
18

 Neighborhood disorder is one aspect of the 

neighborhood environment that may influence sedentary behaviors such as screen time. 

Neighborhood disorder encompasses many factors such as crime, graffiti, abandoned 

buildings, gang activity, drug sales, and prostitution.
19, 20

 It has been suggested that the fear 

and distress associated with high neighborhood disorder may result in people avoiding or 

minimizing their time in the neighborhood environment.
21

 Therefore, high neighborhood 

disorder may encourage young people to stay indoors where screen time activities are readily 

available.  

Existing research on the relationship between aspects of neighborhood disorder and 

screen time among young people has been inconsistent. Four studies have reported little or 

no association between screen time use with certain dimensions of neighborhood disorder 

assessed by parental perceptions, such as crime
22, 23

 and safety.
7, 24

 Conversely, two studies 

have reported that children are more likely to be high screen time users if they live in 

neighborhoods with high crime rates
25

 or if parental perceptions of neighborhood safety is 

low.
26

 Additionally, physical disorder (e.g., litter, graffiti) has been linked to an increase in 

television viewing.
27

   

Limitations within the existing literature may explain the inconsistent results. For 

example, no study has comprehensively examined the relationship between neighborhood 

disorder and screen time behaviors using a variety of objective and subjective (i.e., 
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perceptions) measures. Furthermore, many of the studies have considered the impact of  

certain dimensions of neighborhood disorder on a summary screen time measure (e.g., 

television + computer + video games)
7, 23, 24

 or a television only measure;
10, 26

 however, the 

correlates of television, computer, and video game use may differ.
28

 Thus, future research 

that addresses these limitations may assist in the understanding of this relationship. 

Therefore, the purpose of this study was to comprehensively examine the relationship 

between neighborhood disorder with television, computer, and video game use. We had the 

opportunity to study these relationships in a large and representative sample of Canadian 

youth and measured neighborhood disorder using several objective and subjective items. It is 

anticipated that the findings of this study will provide valuable information regarding the 

impact of the neighborhood environment on individual screen time activities and will inform 

the development of evidence-based interventions aimed at reducing screen time among 

youth. 

 

METHODS 

 

Participants 

 

The study is based on the 2009/10 Health Behaviour in School-aged Children Survey 

(HBSC) conducted in Canada. The HBSC is a World Health Organization sponsored cross-

sectional survey conducted in 44 countries. The 2009/10 Canadian HBSC is comprised of 

three main components: 1) a questionnaire completed by classes of students that asks about 

their health behaviors, lifestyle factors, and demographics, 2) a questionnaire completed by 

an administrator (e.g., principal) of the students’ school that asks about school policies and 
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features of the school and its surrounding neighborhood,
29

 and 3) geographic information 

systems (GIS) measures of features in the school neighborhoods. 

The Canadian sample of students was designed according to the international HBSC 

protocol in that a cluster design was used with school class being the basic cluster. Youth in 

private and special needs schools, street youth, and the incarcerated were excluded. Since this 

includes <10% of students in Canada the distribution reflected the distribution of Canadians 

in grades 6-10 (aged 10-16 years old). The sample was weighted to account for oversampling 

of certain provinces and territories. The total sample consisted of 26,078 students who 

attended 436 different schools from across Canada. A more detailed description of the HBSC 

study design is provided in Appendix C. A total of 36 schools (1513 students) were excluded 

because they did not return the administrator questionnaire. Additionally, 43 schools (2394 

students) were excluded because of incomplete information on exposure variables within the 

administrator questionnaire. Finally, 75 schools (3419 students) were excluded because they 

did not have adequate Google Earth Street View information (as explained below). These 

excluded schools were located in rural areas or in the remote Northern Territories of Canada. 

We further excluded 2835 students with incomplete information on outcome and/or covariate 

variables, leaving 15,917 who attended 291 schools. There were no significant differences in 

body mass index (P>0.05), between the participants that were included or excluded from the 

final sample. However, the final sample was slightly older (0.2 years) and included more 

females (4.6%), Caucasian participants (8.0%), participants of high socioeconomic status 

(14.0%), and large urban participants (71.5%; P<0.01). Ethics approval was obtained from 

the Queen’s University General Research Ethics Board. The ethics approval document is 
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provided in Appendix A. Consent was also obtained from participating school boards, 

individual schools, parents, and students. 

Neighborhood Disorder (Exposure) 

 

Ten items of neighborhood disorder were measured using the HBSC student 

questionnaire (2 items), the HBSC administrator questionnaire (4 items), and GIS (4 items). 

Consistent with previous research examining neighborhood disorder, these 10 items were 

classified into social (6 items) and physical (4 items) neighborhood disorder categories.
19,20,30

 

HBSC Student Questionnaire 

Two neighborhood disorder items were included in the student questionnaire that 

asked the students their perception of the area where they live. Both of these were classified 

as social disorder (“it is safe for younger children to play outside during the day” and “most 

people around here would try to take advantage of you if they got the chance”).  Both items 

had a 5-point response scales ranging from “1 = strongly agree” to “5 = strongly disagree”. 

After reverse-coding the second item, average values for students at each school were 

calculated and each student from that school was assigned that value. Thus, although these 

items were assessed at the individual-level, for statistical analyses and conceptual purposes 

they were treated as area-level variables. All HBSC student questionnaire items used in this 

manuscript are provided in Appendix F. 

HBSC Administrator Questionnaire  

Four items from the HBSC administrator questionnaire inquired about the safety of 

the neighborhood where the school was located. All four items were classified as social 

disorder and assessed racial/ethnic/religious tensions, drugs/drinking in public, gangs, and 

crime. Each item had a 4-point response scale ranging from “1 = not a problem” to “4 = 
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major problem.” Student participants were assigned their school’s score for each item. All 

HBSC administrator questionnaire items used in this manuscript are provided in Appendix G. 

Geographic Information Systems (GIS) and Google Earth Street View 

Four neighborhood disorder items were measured with GIS using the CanMaps 

Streetfiles (DMTI Spatial Inc., Markham, ON) in ArcView version 9.3 software (ESRI, 

Redlands, CA), and Google Earth Street View. All four items were classified as physical 

disorder (litter, graffiti, vacant or abandoned buildings, conditions of buildings/grounds). In 

GIS, 15 observation points within a 1 km circular buffer surrounding each school were 

systematically plotted. The first point was at the schools’ address and the remaining 14 points 

were evenly spaced (approximately 500 m apart in the x and y direction) using a grid pattern. 

Previous research using the HBSC survey has shown that 1 km buffer measures for other 

social constructs (e.g., neighborhood SES) are highly correlated and related similarly to 

health outcomes.
31

 The same 1 km circular buffer and grid pattern were used for all schools 

so there was consistency in the location of observation points being examined for all schools. 

Some variation did exist when an observation point in the grid pattern did not fall directly on 

a road; however, in this situation the point was relocated to the nearest road within GIS. A 

total of 6540 observation points were plotted across Canada and exported to Google Earth for 

assessment. The GIS protocol for the physical neighbourhood disorder measures is provided 

in Appendix M. 

At each of the 6540 observation points, a single trained  rater did a 360° panoramic 

view in Google Earth Street View to assess each of the 4 items (litter, graffiti, vacant or 

abandoned buildings, and conditions of buildings/grounds). When Google Earth Street View 

was unavailable for a single point, the point was moved within Google Earth to the nearest 
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road within the 1 km radius. A similar procedure was followed if there were less than 3 

buildings in the 360° view area for a single point. Schools were excluded if Google Earth 

Street View was unavailable for all or the majority of roads within the entire 1 km radius, 

leaving 5415 observation points. 

The criteria used to assess the 4 items (litter, graffiti, vacant or abandoned buildings, 

and conditions of buildings/grounds) were based upon previous neighborhood disorder 

studies that relied on in-person assessments of the neighborhoods or videotaped assessments 

of the neighborhoods made from vehicle-mounted cameras travelling through the 

neighbourhoods.
20, 32, 33

 For the present study, litter was assessed on a 5-point scale: “none 

(no pieces)”, “very little (1-2 pieces)”, “a little (3-10 pieces)”, “moderate amount  (11-20 

pieces)”, and “considerable amount (more than 20 pieces)”.
33

 Graffiti was assessed on a 4-

point scale: “none (no tags)”, “a little (1-2 tags)”, “moderate amount (3-5 tags)”, and 

“considerable amount (more than 5 tags)”.
33

 Numbers of vacant or abandoned buildings 

were assessed on a 4-point scale: “none (no buildings are vacant)”, “less than one third (if 10 

buildings, 1-2 are vacant)”, “one third to one half (if 10 buildings, 3 to 5 are vacant)”, and 

“more than half (if 10 buildings, more than 5 are vacant)”.
33

 Overall condition of the 

buildings were assessed on a 4-point scale: “excellent”, “good”, “fair” and “poor” and was 

based on both building (walls, windows, stairs, roof) and ground (landscaping, lawn, 

driveway) characteristics.
33

 School averages for all 4 items were calculated based on the 

ratings of the 15 observation points. The Google Earth Street View protocol for the physical 

neighbourhood disorder measures is provided in Appendix N. 

Reliability assessments for the 4 items (litter, graffiti, vacant or abandoned buildings, 

and conditions of buildings/grounds) were calculated based on 150 observation points around 
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10 randomly selected schools. The intra-rater reliability, performed by the original rater (who 

assessed the 6540 observation points for the 4 items) one week apart, was r=0.94 for litter, 

r=0.99 for graffiti, r=0.78 for vacant or abandoned buildings, and r=0.82 for conditions of 

buildings/grounds. The inter-rater reliability (performed by original rater and a second 

independent rater) was r=0.90 for litter, r=0.95 for graffiti, r=0.80 for vacant or abandoned 

buildings, and r=0.75 for conditions of buildings/grounds.  

Validity of the 4 items was determined by comparing Google Earth Street View 

assessments and in-person assessments throughout the city of Kingston, Ontario. The original 

rater was also used in the validity sub-study assessments; however, they were blinded to the 

Google Earth Street View assessments when completing the in-person assessments. A total 

of 521 points were evenly spread (approximately 500 m apart in the x and y direction) across 

the entire city of Kingston using a grid pattern. The validity was r=0.65 for litter, r=0.76, for 

graffiti, r=0.99 for vacant or abandoned buildings, and r=0.91 for conditions of 

buildings/grounds. Note that for the validity assessment there was an approximate 2 year 

time difference between when the Google Earth Street View images were obtained (summer 

of 2009) and when the in-person assessments were made (summer of 2011). Our validity 

coefficients are higher than previous studies that have assessed the validity of Google Earth 

Street View for measuring neighborhood environment features.
34, 35

However, these studies 

tended to focus on more detailed features (i.e., broken glass)
34

 and had larger time-gaps 

between assessments.
34

 Furthermore, they did not rigorously train the individuals who 

obtained the measures.
35
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Creation of Neighborhood Disorder Scores 

Principal component analysis was conducted in order to reduce the six social and four 

physical neighborhood disorder items. For social disorder, one component with an 

eigenvalue of 3.4 emerged, explaining 55.8% of the total variance. The items that were 

included in this component and their loadings were 0.56 for neighbours taking advantage, 

0.58 for safety, 0.77 for using drugs/drinking in public, 0.78 for racial/ethnic/religious 

tensions, 0.86 for crime, and 0.87 for gangs. For physical disorder, one component with an 

eigenvalue of 2.5 emerged, explaining 62.1% of the total variance. The items that were 

included in this component and their loadings were, 0.74 for conditions of buildings/grounds, 

0.78 for vacant or abandoned buildings, 0.81 for litter, and 0.83 for graffiti. The Anderson-

Rubin method was used to calculate z-scores for the components that were derived from the 

social and physical neighborhood disorder principal component analyses. Therefore, the 

scores had a mean of zero and a standard deviation of one.
36

 

Screen Time (Outcome) 

The amount of hours spent watching television, playing video games, and using the 

computer per weekday and weekend were determined using 6 questions.
29

 For each question 

there was a 9-point response scale ranging from “none at all” to “7 or more hours a day”.  

Weighted means for weekday and weekend use were used to calculate the total hours per 

week (average weekday screen time*5 + average weekend screen time*2). Each screen time 

variable was categorized into quartiles and the highest quartile was used to denote high use. 

A previous validation study examined a brief questionnaire used to measure television 

viewing time, similar to that used in HBSC. A significant correlation (r=0.47) was observed 

with television viewing time measured by a weekly log among 11- to 15-year-olds.
37
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Covariates 

Covariates included gender, grade, ethnicity (Caucasian, other), family structure, 

individual-level socioeconomic status (SES), area-level SES, and urban-rural location. 

Family structure was measured by asking participants who they lived with all or most of the 

time and the following groups were created: both parents, single parent, parent and step 

parent, and other.
38

 Individual-level SES was measured using the previously validated family 

affluence scale, which includes the summation of 4 items regarding family wealth (car 

ownership, bedroom sharing, holiday travel, and computer ownership).
39

 Participants were 

divided into low, medium, and high groups based on previously established cut-points.
39

 

Area-level SES was calculated using 2006 Canadian census data in PCensus for MapPoint 

through GIS. Three measures of area-level SES were obtained for the census subdivisions in 

the 1 km radius around participating schools including: education (percentage of adult 

residents with less than a high school education), income (average employment income), and 

unemployment rate. Principal component analysis was used to create a continuous summary 

score based on the inverse of education, the inverse of unemployment rate, and income. 

Urban-rural location was based on the population of the municipality where the school was 

located. This was calculated using 2006 Canadian census data in PCensus for MapPoint 

through GIS. Schools were classified as either rural (population < 1,000), small urban 

(population of 1,000-10,000), or large urban (population >10,000).
40

 

Statistical Analysis 

Analyses were completed using SAS version 9.2 (SAS Institute Inc., Cary, NC). 

Descriptive statistics were initially calculated including average weekly hours of television, 

video game, and computer use per social and physical neighborhood disorder quartiles. 
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Additionally, t-tests were used to explore gender differences in individual screen time 

activities. Multivariate multi-level logistic regression analyses were used to examine the 

relationship between social and physical neighborhood disorder and individual screen time 

variables. The GLIMMIX procedure was used to fit generalized linear mixed models with a 

binomial distribution to account for the sample weights as well as the hierarchical and 

clustered nature of the data. A more detailed description of multi-level modeling is provided 

in Appendix K. All models predicted the highest quartile of television, computer, and video 

game use.  

To address the main objective of the paper, initial unadjusted regression models were 

run for each screen time variable that included social or physical neighborhood disorder. 

Then, a second set of models were run that included social or physical neighborhood disorder 

variables and relevant confounders. Potential confounders for the models included gender, 

grade, ethnicity, family structure, individual-level SES, area-level SES, and urban-rural 

location. These potential confounders were based on assumptions of confounding
41

 as well as 

previous literature on the relationship between the neighborhood environment and screen 

time.
5, 23, 25, 26

 A two-stage backward deletion procedure was used to select the confounders.
41

 

Confounders were removed based on a change of less than 10% on the main effects.
41

 In 

stage one, an initial model was run to select individual-level confounders. In stage two, the 

selected individual-level confounders were then added to an additional model with area-level 

confounders for a final selection process. A third set of models were run that included the 

relevant confounders and both the social and physical neighborhood disorder variables. 

Gender, grade, ethnicity, and SES interactions were also explored. Finally, since the screen 

time categories were not rare outcomes, odds ratios (ORs) obtained from logistic regression 
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models do not approximate relative risk. Therefore, prevalence ratios (PRs) were derived by 

adjusting ORs according to the proportion of the outcome in the referent groups (P0) as 

follows: PR = OR/((1-P0) + (P0*OR)).
42

 

While some participants did not live within 1 km of their school where the 

neighborhood disorder was measured, these participants traveled through the 1 km buffer to 

and from school. Furthermore, students tend to spend a considerable amount of time in and 

around their schools before and after the school day. Nevertheless, sensitivity analyses were 

conducted to examine whether the results for the total sample were consistent with the 

sample of participants who lived within 1 km of their school. All the aforementioned 

analyses were re-run in the subsample of participants who, based on their available 

residential postal code, were calculated to live within the 1 km circular buffer of their school. 

This distance was calculated by placing a point on the geographic center of the postal codes, 

which were typically street blocks. Approximately 66% of the final sample from 248 schools 

provided their residential postal codes. Approximately 40% of these participants lived within 

1 km of their school, approximately 60% lived within 2 km, approximately 70% lived within 

3 km, and approximately 80% lived within 5 km. 

We also estimated the combined influence of social and physical neighborhood 

disorder on screen time by dividing participants into 4 groups based on the quartile values of 

social and physical neighborhood disorder. The four groups included, 1) low social and 

physical neighborhood disorder (low social/low physical), 2) high social neighborhood 

disorder and low physical neighborhood disorder (high social/low physical), 3) low social 

neighborhood disorder and high physical neighborhood disorder (low social/high physical), 

and 4) high social and physical neighborhood disorder (high social/high physical). Low 
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represents the bottom 3 quartiles and high represents the top quartile. Multivariate multi-level 

analyses were conducted to predict high television, computer, and video game use.  

Additive and multiplicative interactions were assessed by comparing the observed 

and expected joint effects. An interaction was considered present if the observed and 

expected effect were substantially different.
43

 The observed effect for the high social/high 

physical group was the estimated prevalence ratio. For additive interactions, the expected 

effect for the high social/high physical group was calculated by summing the estimated 

prevalence ratios for the high social/low physical group and the low social/high physical 

group and then subtracting by 1.
43

 For multiplicative interactions, the expected effect for the 

high social/high physical group was calculated by multiplying the estimated prevalence ratios 

for the high social/low physical group and the low social/high physical group.
43

 A test of 

homogeneity of stratified estimates was also calculated to determine whether there were 

statistically significant differences between observed and expected effects.
43

 Examples of 

SAS output for all types of statistical tests used in this manuscript are provided in Appendix 

O.  

 

RESULTS 

 

Participant characteristics are shown in Table 1. For the total sample (N=15,917), 

approximately 52% were female and the average age was 14 (1.5 SD) years. The average 

weekly hours of television, computer, and video game use were 17.5, 14.5, and 12.8, 

respectively (Table 1). There were significant gender differences in screen time. More 

specifically, boys engaged in more television (1.3 hrs/wk) and video game (8.4 hrs/wk) use; 
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whereas, girls engaged in more computer (2.8 hrs/wk) use. The participant characteristics of 

the sensitivity analyses subsample (N=4163) were similar to those of the total sample  

(Table 1). Average weekly hours of television, computer, and video games increased 

(Ptrend<0.01) across social neighborhood disorder and physical neighborhood disorder 

quartiles (Table 2). 

The associations between neighborhood disorder and screen time in the total sample 

(N=15,917) are shown in Table 3. The prevalence of participants who were high (top 

quartile) television, computer, and video game users increased across social neighborhood 

disorder and physical neighborhood disorder quartiles (Ptrend<0.01). The multi-level 

regression analyses, adjusted for confounders (model 2) and physical neighborhood disorder 

(model 3), indicated that social neighborhood disorder was independently related to high 

television, computer, and video game use. By comparison to youth in quartile 1, the 

prevalence ratios for youth in quartile 4 were 1.33 (95% confidence interval: 1.16-1.54) for 

high television use, 1.46 (1.30-1.65) for high computer use, and 1.42 (1.25-1.59) for video 

games use. The multivariate analyses (model 3 in Table 3) for the physical neighborhood 

disorder measure indicated that physical neighborhood was not an independent predictor of 

high television, computer, or video game use.  No meaningful gender, grade, ethnicity, and 

SES interaction effects were observed. 

The multivariate analyses mentioned in the preceding paragraph were repeated for the 

sample of participants (N=4163) who lived within 1 km of their school (Table 4).  The same 

patterns of observations were observed. Furthermore, the prevalence ratios observed for the 

subsample in Table 4 were of a similar order of magnitude to those observed for the entire 

sample in Table 3. 
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The relationship between combined social and physical neighborhood disorder and 

screen time are shown in Figure 1. Based upon the prevalence ratios for high television use 

observed in the high social/low physical group (1.20, 1.02-1.38) and the low social/high 

physical group (1.22, 1.04-1.42), the observed prevalence ratio in the high social/high 

physical group (1.51, 1.28–1.75) was greater than that expected from both the additive (1.42) 

and multiplicative (1.46) interaction assessments. Similarly, based upon the prevalence ratios 

for high computer use observed in the high social/low physical group (1.02, 0.88-1.15) and 

the low social/high physical group (1.24, 1.09-1.41), the observed prevalence ratio in the 

high social/high physical group (1.60, 1.41–1.80) was greater than that expected from both 

the additive (1.26) and multiplicative (1.27) interaction assessments. Conversely, based upon 

the prevalence ratios for high video game use observed in the high social/low physical group 

(1.09, 0.95–1.24) and the low social/high physical group (1.30, 1.14–1.47), the observed 

prevalence ratio in the high social/high physical group (1.38, 1.20–1.56) was less than that 

expected from both the additive (1.39) and multiplicative (1.42) interaction assessments. 

However, further evaluation using the test of homogeneity of stratified estimates suggested 

that social and physical disorder interactions were not present for any of the screen time 

variables (P>0.05). 

 

DISCUSSION 

 

This study examined the effects of social and physical neighborhood disorder on 

television, computer, and video game use in a large cross-sectional sample of Canadian 

youth. High social neighborhood disorder was associated with a 35-45% increased risk of 

high television, computer, and video game use. Physical neighborhood disorder was not 
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associated with screen time activities after adjusting for social neighborhood disorder. 

However, high social and physical neighborhood disorder combined was associated with 

approximately 40-60% increased risk of high television, computer, and video game use. 

To our knowledge, seven previous studies have examined the influence of certain 

aspects of social and physical neighborhood disorder on screen time among youth. The 

findings of these studies are mixed. In terms of social neighborhood disorder, four studies 

reported that parental perceptions of crime
22, 23

 and safety
7, 24

 had little or no influence on 

screen time use among school-aged children and adolescents. Whereas, two studies reported 

modest overall associations between high crime rates
25

 and low parental perceptions of 

neighborhood safety
26

 with screen time. Additionally, one study reported a link between 

physical disorder and television viewing among 5-year olds.
27

 

The inconsistency in findings across the previous literature may be due to the 

measure of neighborhood disorder used. For example, six out of the seven previous studies 

only considered one dimension of neighborhood disorder such as safety or crime.
27

 Thus, 

these studies may not have fully conceptualized the measure of neighborhood disorder.
30

 In 

addition, all seven previous studies used either a subjective measure (i.e., parent perceptions) 

or an objective measure (i.e., crime statistics) of neighborhood disorder. However, several 

investigators have suggested that in order to make a comprehensive assessment of the 

environment’s condition and accurate inferences regarding the environment’s effect, both 

objective measures and perceptions of the environment should be considered,
30, 33, 44-47

 as was 

done in our study.   

The prevalence ratios for screen time observed in the highest social and physical 

neighborhood disorder quartiles in our study were in the order of 1.13 to 1.60, which would 



177 

be considered weak to modest effect sizes by epidemiological standards.
48

 With that being 

said, it is important to recognize that exposures measured at the area-level, such as 

neighborhood disorder in the present paper, tend to have smaller effect sizes than individual-

level exposures.
49

 When compared to the influence that other area-level exposures have on 

screen time use (e.g., urban-rural status
50

 or neighborhood SES
51, 52

) the risk estimates for 

social neighborhood disorder observed here and of previous studies
7, 25

 were of a similar 

order of magnitude. 

Our findings are supported by the ecological framework, which recognizes the 

importance of multiple levels of influence, including the neighborhood environment, on 

health behaviors.
17

 Furthermore, our findings are supported by the neighborhood disorder 

model.
21

 High neighborhood disorder has consistently been linked with psychological 

distress.
53

 The premise of the neighborhood disorder model is that high neighborhood 

disorder negatively influences mental health partly through fear.
21

 It has been suggested that 

people may cope with this fear and distress by minimizing or avoiding their exposure to their 

neighborhood environment.
21

 Thus, youth in the present study that lived in neighborhoods 

with high neighborhood disorder may have been more inclined to stay indoors to avoid 

dangerous situations and other deviant behavior. When young people are indoors they are 

more likely to engage in screen time activities because they are highly accessable.
54

 

The present study suggests that social neighborhood disorder is more strongly 

associated with screen time than physical neighborhood disorder. It is important to note that 

social neighborhood disorder was assessed through subjective measures (i.e., perceptions), 

while physical neighborhood disorder was assessed through objective measures. Therefore, 

differences in findings could be due to differences in measures. However, Molnar and 
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colleagues, who assessed both social and physical neighborhood disorder through objective 

measures, also reported that social neighborhood disorder was more strongly associated with 

youths’ recreational physical activity than physical neighborhood disorder.
20

 Combined, 

these observations suggest that high social neighborhood disorder may have a greater 

influence on whether youth stay indoors, compared to high physical neighborhood disorder. 

However, the greatest influence on screen time use was observed when examining the 

combined effects of the variables. Participants living in neighborhoods with both high social 

and physical neighborhood disorders were approximately 40-60% more likely to be high 

television, computer, and video game users compared to participants in neighborhoods of 

low social and physical disorder.  

The majority of screen time reduction interventions conducted thus far have been 

individual- or family-focused.
55

 However, according to a recent systematic review, these 

interventions have been largely unsuccessful in reducing screen time.
55

 While there were 

several methodological concerns with the available evidence in the systematic review,
55

 

future research is still needed to better understand the environmental influences on screen 

time and to determine whether interventions can be more successful at reducing screen time 

among young people if they also take into account relevant area-level factors.  

The findings from this study suggest intervening upon high social and physical 

neighborhood disorder may be one relevant area-level factor to consider for future 

interventions. However, social and physical neighborhood disorder is a multifaceted issue 

that has many causes and consequences; therefore, the reduction of social and physical 

neighborhood disorder will require coordinated efforts from community members, law 

enforcement, and various other government departments.
20

 One example of a coordinated 



179 

effort between community members and law enforcement aimed at decreasing crime in some 

communities in Canada is the Neighborhood Watch program.
56

 This program is designed to 

strengthen community ties by having neighbors look out for other neighbors.
56

 Implementing 

this program or similar programs along with other initiatives to lower fences and increase 

street lighting in neighbourhoods with high disorder may be one potential intervention 

strategy.
30

  

Along with efforts to decrease neighbourhood disorder, providing safe alternative 

opportunities to indoor screen time activities for youth who live in neighbourhoods with high 

disorder should also be considered. The after-school period has been identified as a key 

window of time for targeting reduction in screen time activities.
57

 Therefore, the 

implementation of affordable community and/or school-based supervised after-school 

programs in neighbourhoods with high disorder may be another potential intervention 

strategy. While many youth in Canada (~80%) do not have access to a supervised after-

school program,
58

 providing programs in areas with high neighbourhood disorder may be 

especially important for screen time reduction. 

The multi-level analyses, the comprehensive measure of neighborhood disorder, the 

use of a large population-based sample, and the confirmatory sensitivity analyses are 

strengths of this study. A limitation of this study is the cross-sectional design, which limits 

the ability to make causal inferences about the relationships observed. Also, the use of self-

report data for the screen time measures may have resulted in information bias. Similarly, 

some inaccuracies with the GIS data may have resulted in information bias of the physical 

neighbourhood disorder exposure variable. Any biases associated with these measures were 

likely non-differential, which would have led to the under-estimation of true associations.
41
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Furthermore, other potentially important dimensions of neighborhood disorder were not 

included such as prostitution. Finally, the final sample was no longer representative of the 

population in terms of age, gender, ethnicity, SES, and urban-rural location. 

 

CONCLUSION 

 

High social and physical neighborhood disorder predicted screen time use among a 

large population of youth. Therefore, high neighborhood disorder is one environmental factor 

that may be important to consider for future public health interventions and strategies aiming 

to reduce screen time among youth. 
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Table 1. Characteristics of the total sample (N=15,917) and participants living within 1 km of their school 

(N=4,163) 

 

 Total (N=15,917) Sensitivity Analyses 

Subsample (N=4,163) 

Sex (%)   

     Male 47.6 47.7 

     Female 52.4 52.3 

Grade (%)   

     6 17.7 25.3 

     7 18.9 21.1 

     8 21.2 22.6 

     9 21.2 16.4 

     10 21.0 14.6 

Ethnicity (%)   

   Caucasian 76.7 73.1 

   Other 23.3 26.9 

Family Structure (%)   

    Both Parents 61.6 63.1 

    Single Parent 17.0 16.8 

    Parent and Step Parent 9.8 9.5 

    Other 11.6 10.6 

 Individual-level Socioeconomic Status (%)   

    Low 7.6 7.3 

    Medium 35.5 35.6 

    High 56.9 57.1 

Urban-rural Location (%)   

    Rural 4.0 8.4 

    Small Urban 23.7 31.2 

    Large Urban 72.3 60.4 

Screen Time, hours/week    

     Television 17.5 (12.1) 17.9 (12.0) 

     Computer 14.5 (13.1) 14.0 (12.7) 

     Video Games 12.8 (13.3) 13.1 (12.8) 

Data presented as prevalence for the categorical variables and as mean (standard deviation) for the continuous 

variables 
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Table 2. Mean weekly hours of screen time within social and physical neighborhood disorder quartiles 

(N=15,917) 

 

Variable Television Computer Video Games 

Social Neighborhood Disorder    

   Quartile 1 16.2 (11.4) 12.8 (12.2) 11.9 (12.7) 

   Quartile 2 17.2 (11.9) 14.4 (12.6) 12.1 (12.8) 

   Quartile 3 17.4 (11.9) 14.2 (12.8) 12.6 (13.1) 

   Quartile 4 19.3 (13.1) 16.3 (14.2) 14.4 (14.2) 

 P trend<0.01 P trend<0.01 P trend<0.01 

Physical Neighborhood Disorder    

   Quartile 1 16.6 (11.6) 13.7 (12.5) 12.1 (12.5) 

   Quartile 2 17.7 (12.2) 14.6 (13.3) 12.7 (13.3) 

   Quartile 3 16.8 (11.7) 14.2 (12.8) 12.6 (13.3) 

   Quartile 4 19.2 (12.8) 15.3 (13.5) 13.8 (13.8) 

 P trend<0.01 P trend<0.01 P trend<0.01 

Data presented as mean (standard deviation) 
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Table 3. Multi-level models predicting screen time use in the total sample (N=15,917)  

 
   Model 1  Model 2  Model 3 

 Prevalence%  PR 95% CI  PR 95% CI  PR 95% CI 

Television          

Social Neighborhood Disorder         

   Quartile 1 21.6  1.00   1.00   1.00  

   Quartile 2 21.7  1.03 0.86 - 1.21  1.02 0.86 - 1.20  1.02 0.85 – 1.19 

   Quartile 3 26.6  1.28 1.12 – 1.48*  1.22 1.05 – 1.42*  1.19 1.02 – 1.38* 

   Quartile 4 32.1  1.45 1.26 – 1.65*  1.39 1.20 – 1.58*  1.33 1.16 – 1.54* 

Physical Neighborhood Disorder        

   Quartile 1 22.5  1.00   1.00   1.00  

   Quartile 2 25.4  1.13 0.96 – 1.32  1.05 0.88 – 1.23  1.01 0.85 – 1.18 

   Quartile 3 23.7  1.06 0.91 – 1.26  0.98 0.80 – 1.17  0.92 0.76 – 1.11 

   Quartile 4 30.6  1.43 1.23 – 1.63*  1.28 1.08 – 1.49*  1.17 0.98 – 1.37 

           

Computer           

Social Neighborhood Disorder         

   Quartile 1 21.2  1.00   1.00   1.00  

   Quartile 2 25.8  1.17 1.01 – 1.36*  1.07 0.92 – 1.23  1.05 0.91 – 1.22 

   Quartile 3 27.8  1.34 1.16 – 1.52*  1.15 1.00 – 1.32*  1.13 0.98 – 1.29 

   Quartile 4 34.8  1.66 1.51 – 1.90*  1.50 1.34 – 1.68*  1.46 1.30 – 1.65* 

Physical Neighborhood Disorder        

   Quartile 1 24.4  1.00   1.00   1.00  

   Quartile 2 27.7  1.20 1.03 – 1.41*  1.18 1.00 – 1.39*  1.11 0.95 – 1.28 

   Quartile 3 26.9  1.14 0.96 – 1.36  1.12 0.93 – 1.34  1.02 0.85 – 1.20 

   Quartile 4 30.4  1.36 1.18 – 1.57*  1.32 1.09 – 1.55*  1.14 0.97 – 1.33 

           

Video Games          

Social Neighborhood Disorder         

   Quartile 1 20.7  1.00   1.00   1.00  

   Quartile 2 22.8  1.14 1.00 – 1.31*  1.14 1.00 – 1.31*  1.14 0.99 – 1.31 

   Quartile 3 25.5  1.24 1.09 – 1.40*  1.20 1.05 – 1.35*  1.18 1.03 – 1.33* 

   Quartile 4 30.6  1.48 1.31 – 1.65*  1.44 1.28 – 1.60*  1.42 1.25 – 1.59* 

Physical Neighborhood Disorder        

   Quartile 1 22.7  1.00   1.00   1.00  

   Quartile 2 24.2  1.08 0.94 – 1.24  1.03 0.89 – 1.19  1.03 0.90 – 1.18 

   Quartile 3 25.1  1.11 0.95 – 1.28  1.05 0.89 – 1.22  1.03 0.89 – 1.19 

   Quartile 4 27.6  1.26 1.10 – 1.43*  1.17 1.01 – 1.34*  1.13 0.98 – 1.28 

PR = prevalence ratio; 95% CI = 95% confidence interval; * P≤0.05. 

Model 1: unadjusted. Model 2 adjusted for neighborhood SES and model 2 of social neighborhood disorder 

predicting high computer use was also adjusted for grade. Model 3 adjusted for confounders in model 2 and 

physical neighborhood disorder or social neighborhood disorder. 
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Table 4. Multi-level models predicting high screen time use for participants living within 1 km of their school 

(N=4,163) 

 

 Television  Computer  Video Games 

 PR 95% CI  PR 95% CI  PR 95% CI 

Social Neighborhood Disorder         

   Quartile 1 1.00   1.00   1.00  

   Quartile 2 0.96 0.74 – 1.24  1.05 0.82 – 1.35  1.02 0.79 – 1.27 

   Quartile 3 1.01 0.77 – 1.29  1.01 0.77 – 1.29  0.98 0.77 – 1.23 

   Quartile 4 1.32 1.05 – 1.62*  1.27 1.00 – 1.57*  1.30 1.07 – 1.58* 

Physical Neighborhood Disorder        

   Quartile 1 1.00   1.00   1.00  

   Quartile 2 0.93 0.70 – 1.20  0.88 0.67 – 1.14  1.02 0.80 – 1.28 

   Quartile 3 1.01 0.76 – 1.31  1.04 0.79 – 1.33  1.13 0.86 – 1.41 

   Quartile 4 1.11 0.83 – 1.45  1.12 0.86 – 1.45  1.05 0.80 – 1.33 

PR = prevalence ratio; 95% CI = 95% confidence interval; * P≤0.05. 

All models were adjusted for neighborhood SES. The social neighborhood disorder model predicting high 

computer use was also adjusted for grade. All social neighborhood disorder models were also adjusted for 

physical neighborhood disorder. All physical neighborhood disorder models were also adjusted for social 

neighborhood disorder. 
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Figure 1.  The combined influence of social and physical neighborhood disorder on 

television, computer, and video games. Prevalence ratios and 95% confidence intervals for 

high television, computer, and video game use according to combined social and physical 

neighborhood disorder groups. All models were adjusted for neighborhood SES and the 

computer model was also adjusted for grade. Low social/low physical = bottom 3 quartiles of 

social and physical neighborhood disorder; high social/low physical = top quartile of social 

neighborhood disorder and bottom 3 quartiles of physical neighborhood disorder; low 

social/high physical = bottom 3 quartiles of social neighborhood disorder and top quartile of 

physical neighborhood disorder; and high social/high physical = top quartiles of social and 

physical neighborhood disorder. 
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Chapter 8 

 

 

 

 
Associations between factors within the home setting and screen time among children aged 

0-5 years: a cross-sectional study 
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ABSTRACT 

 

Background: Excessive engagement in screen time has several immediate and long-term 

health implications among pre-school children. However, little is known about the factors 

that influence screen time in this age group. Therefore, the purpose of this study was to use 

the Ecologic Model of Sedentary Behavior as a guide to examine associations between 

intrapersonal, interpersonal, and physical environment factors within the home setting and 

screen time among pre-school children. 

Methods: Participants were 746 pre-school children (≤5 years old) from the Kingston, 

Ontario, Canada area. From May to September, 2011, parents completed a questionnaire 

regarding several intrapersonal (child demographics), interpersonal (family demographics, 

parental cognitions, parental behavior), and physical environment (television in bedroom) 

factors within the home setting. Parents also reported the average amount of time per day 

their child spent watching television and playing video/computer games. Associations were 

examined using linear and logistic regression models. 

Results: Most participants (93.7%) watched television and 37.9% played video/computer 

games. Several intrapersonal, interpersonal, and physical environment factors within the 

home setting were associated with screen time. Collectively they explained 64.1% of the 

variance in television viewing. More specifically, age, parental attitudes, parental barriers, 

parental descriptive norms, parental screen time, and having a television in the bedroom were 

positive predictors of screen time; whereas, parental education, parental income, and parental 

self-efficacy were negative predictors of screen time in the linear regression analysis. 

Parental cognitive factors (self-efficacy, attitudes, barriers, descriptive norms) at the 



196 

interpersonal level were of particular relevance explaining 41.0% of the variance in 

television viewing.  

Conclusion: A large proportion of screen time in pre-school children was explained by 

factors within the home setting. The findings suggest that interventions aiming to foster 

appropriate screen time habits in pre-school children may be most effective if they target 

parents for behavioral change. 

Key Words: Child, Pre-school, Television, Parents  
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BACKGROUND 

Sedentary behavior is an emerging area of study. A major source of sedentary 

behavior in young people is screen time, which refers to time spent watching television or 

movies, playing video games, and using computers.
1
 Pediatric organizations recommend no 

more than 1-2 hours of daily screen time for children aged 2-5 years and discourage screen 

time for children younger than the of age 2; 
2-4

 unfortunately, many children are not meeting 

these recommendations. For example, an American study reported that 90% of children had 

already begun watching television by age 2
5
 and a Canadian survey reported that ~25% of 

children aged 2-5 watch >2 hours of television daily.
6
 These statistics are concerning as 

excessive screen time in young children is associated with obesity,
7
 aggressive behavior,

8
 

and may negatively impact attention span, language development, and cognitive 

development.
9
 Furthermore, screen time habits formed at an early age may track overtime

10
 

and predict negative health outcomes later in life.
11

 Thus, fostering appropriate screen time 

habits in pre-school aged children (i.e., 0-5 years old) may have important implications for 

health and wellness throughout life.
6
 

In order to develop evidence-based interventions to foster appropriate screen time 

habits in pre-school children, the factors that influence the behavior need to be understood.
12

 

Behavior theories and models provide a systematic framework for examining the factors that 

influence behavior.
13

 Owen and colleagues recently developed an Ecologic Model of 

Sedentary Behavior.
14

 Consistent with other ecological models,
15

 this model postulates that 

sedentary behavior is influenced by factors at multiple levels including intrapersonal, 

interpersonal, physical environment, and policy factors.
14

 However, according to this model, 

these factors differ depending on the setting where the sedentary behavior occurs.
14

 For 

example, the factors that influence sedentary behavior in pre-school children would likely be 
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different in a home versus daycare setting. Therefore, they recommend setting-specific 

examinations of the multi-level factors that influence sedentary behavior. Since most or all 

screen time occurs at home for pre-school children, the home setting is important when 

examining the factors that influence screen time in this age group.  

Several intrapersonal (e.g., age), interpersonal (e.g., parental television watching, 

parental rules), and physical environment (e.g., television in child’s bedroom) factors within 

the home setting are related to screen time among school-aged children and youth.
16, 17

 Since 

the early years is a distinct developmental period, the factors that influence screen time 

among school-aged children and youth may not be relevant for this age group. Two recent 

reviews that examined the factors that influence screen time use in young children (≤7 years 

old) and pre-school children (3-5 years old) reported that the findings from the existing 

literature are inconclusive.
18, 19

 In fact, the only consistently reported factor across both 

reviews was parental television viewing rules.
18, 19

 Many other potentially important factors 

such as the attitudes,
5
 barriers,

20
 perceived norms,

5
 and self-efficacy

21
 of parents have been 

examined too infrequently to draw conclusions.
19

 Furthermore, most published studies have 

been atheoretical in nature and have examined factors based on associations observed for 

moderate-to vigorous-intensity physical activity (MVPA); even though, MVPA is distinct 

from sedentary behaviour.
22

 Therefore, the purpose of this study was to use the Ecologic 

Model of Sedentary Behavior as a guide to examine the influence of several intrapersonal, 

interpersonal, and physical environment factors within the home setting on screen time 

among children ≤5 years old.  
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METHODS 

Participants 

This study is based on the Healthy Living Habits in Pre-school Children project. Data 

were collected between May and September 2011 on children ≤5 years old from the 

Kingston, Frontenac, Lennox, and Addington Health Region in Ontario, Canada. Parents 

with children ≤5 years old were recruited from two sources: licensed child care centers (46 of 

60 participated) and public health/community programs (14 of 16 participated). Eligible 

parents received a package containing a questionnaire that had been pilot tested. The 

questionnaire was to be completed by the parent most familiar with the child and if the parent 

had more than one child ≤5 years old, it was to be completed for the child with the birth date 

closest to January 1
st 

or the oldest twin. The questionnaire required ~15 minutes to complete 

and was returned (or completed on the internet) in a pre-stamped and pre-addressed 

envelope. Approximately 37% of parents who received the packages completed the 

questionnaire (35% for child care centers and 40% for public health/community programs) 

resulting in a total sample of 800. A more detailed description of the study design is provided 

in Appendix D. Participants were excluded with missing child’s birth date or gender, leaving 

746. Ethics approval was obtained from the Queen’s University General Research Ethics 

Board. The ethics approval document is provided in Appendix A. Consent was obtained from 

participating child care centers, public health/community programs, and parents. 

Independent Variables 

Intrapersonal Factors 

Child Demographic Information. Parents reported their child’s gender and their 

month and year of birth. All parental questionnaire items used in this manuscript are 

provided in Appendix H. 
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Interpersonal Factors 

 

Family Demographic Information. Information was obtained on the presence of 

siblings in the household (0=no; 1=yes), family structure (0=two-parent; 1=single-parent 

homes), education (six categories ranging from ‘no schooling’ to ‘graduate university’), and 

annual household income (five categories ranging from ‘<$25,000’ to ‘≥$100,000’). These 

questions were adopted from Statistics Canada’s National Longitudinal Survey of Children 

and Youth.
23

 

Self-Efficacy. Parents’ confidence in reducing or eliminating their child’s screen time 

was assessed by one item: “How confident are you that you could say no to your child’s 

request to participate in screen time (TV/computer/video games) activities?” It was rated on 

a 4-point scale ranging from ‘not at all confident’ to ‘very confident’. This item was 

developed using qualitative data collection and existing measures of personal self-efficacy.
21

 

It has demonstrated good reliability in mothers of 1-year and 5-year-old children.
21

 

Attitudes. Parents’ attitudes regarding their child’s screen time were assessed with 

eight previously developed
5
 items: (1) “It is good for his/her brain”, (2) “It is something my 

child finds very enjoyable”, (3) “It gives me the opportunity to get things done on my own”, 

(4) “It allows me to cope from a busy day at work and/or looking after multiple children”, (5) 

“My child needs/wants time to relax”, (6) “It is family time, bonding time, or quality time”, 

(7) “It grabs hold of my child’s attention”, and (8) “It teaches my child to get along with 

others”. All items were rated on a 4-point scale ranging from ‘strongly disagree’ to ‘strongly 

agree’. Parents whose children did not engage in screen time (n=47) did not respond to these 

items. To avoid excluding these participants, they were assigned the best response option 

(strongly disagree). Responses from all eight items were averaged to create an overall 
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attitude score; higher scores reflected more positive attitudes. Therefore, it was assumed the 

original items followed an interval scale. The internal consistency for the attitude items in 

this study was α=0.84. 

Barriers. Parents’ barriers to reduce their child’s screen time were assessed by six 

items: (1) “There is pressure from society to purchase and use media-related equipment”, (2) 

“My neighborhood is not safe for my child to play outdoors”, (3) “Poor weather limit my 

child’s opportunities to go outside”, (4) “I need a coping-tool to meet the demands of a busy 

day at work or raising multiple children”, (5) “I need time to do household chores”, and (6) 

“My child really enjoys screen time activities”. All items were rated on a 4-point scale 

ranging from ‘strongly disagree’ to ‘strongly agree’. Parents whose children did not engage 

in screen time were assigned the best response option (strongly disagree) for all items. The 

responses from the six items were averaged to create an overall barriers score; higher scores 

reflected more barriers. Therefore, it was assumed the original items followed an interval 

scale.  These items were developed from qualitative work on screen time in pre-school 

children.
20, 24

 The internal consistency for the barrier items in this study was α=0.79. 

Descriptive Norms. Parents’ perception of typical screen time in children was 

assessed by one item: “What do you feel is the maximum amount of time your child should 

spend participating in screen time (TV/computer/videogames) activities per day?” It was 

rated on a 6-point scale ranging from ‘0 mins/day’ to ‘≥3 hours/day’. This item was modified 

from an existing measure of descriptive norms.
5
  

Parent’s Screen time. The typical weekly time parents spent watching 

television/videos/DVDs, using a computer (not for work/school), and playing video games in 

the past 3 months was assessed with the following 3 items: “In a typical week in the past 3 
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months, how much time did you usually spend watching television, videos, or DVDs?”, “In a 

typical week in the past 3 months, how much time did you usually spend on a computer, 

including playing computer games and using the internet? (Do not include time spent at 

work or at school)”, and “In a typical week in the past 3 months, how much time did you 

usually spend playing video games (e.g., Playstation, Wii, XBOX)?”All items were rated on 

an 8-point scale ranging from ‘none’ to ‘>20 hours’. These questions were adopted from 

Statistics Canada’s Canadian Community Health Survey.
25

  

Physical Environment Factor 

Television in Child’s Bedroom. Parents reported whether their child had a television 

or portable DVD player in their bedroom (0=no; 1=yes). Parents also reported whether their 

child had a computer or video game console in their bedroom; however, these measures were 

not included because there was little variability (e.g., >97% responded ‘no’). The presence of 

televisions in the home was not assessed because there is little variability in this measure; 

~99% of Canadian homes have ≥1 television.
26

 

Dependent Variables 

Children’s Screen Time. The amount of time children spent watching television and 

playing video/computer games was assessed with two items: (1) “On average, how much 

time per day does your child watch television, videos, or DVDs?”, and (2) “On average, how 

much time per day does your child play video/computer games?” Both items were rated on a 

7-point scale for weekday and weekend use ranging from ‘none’ to ‘≥3 hours/day’. Weighted 

means of weekday and weekend use were calculated and screen time was determined by 

adding television and video/computer games use. These questions were adopted from 

Statistic Canada’s NLSCY.
23

 Parental report is commonly used in the literature to assess 
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young children’s television viewing.
5
 A previous validation study reported that a brief 

parental questionnaire used to measure children’s television viewing, similar to that used in 

the present study, was significantly correlated (r = 0.60) with children’s television viewing 

measured by a parental diary.
27

 

Data Analysis 

Analyses were completed using SAS version 9.2 (SAS Institute Inc., Cary, NC). 

Since only 38% of the sample played video/computer games, television viewing was used as 

the main dependent variable. Television viewing was positively skewed so it was square root 

transformed for correlation and regression analyses. Error estimates and 95% confidence 

intervals were adjusted for in the regression analyses using the SURVEYREG or 

SURVEYLOGISTIC procedures to account for clustering by child care center and public 

health/community program. A multiple imputation procedure with five imputations was 

performed for missing independent variables (excluding child’s age and gender).
28

 Of the 

total sample, 74% were not missing any independent variables, 19% were missing a single 

independent variable, and only 7% were missing two or more independent variables. A more 

detailed description of the multiple imputation procedure is provided in Appendix L. 

Descriptive statistics were calculated. Associations between variables were 

determined using Spearman and Pearson correlations. A sequential linear regression model 

with 5 steps was used to predict children’s television viewing. After step 1, each step 

adjusted for the variables included in the previous step(s). Only independent variables 

significantly (P≤0.05) correlated with television viewing were entered in the model. Based 

on the Ecologic Model of Sedentary Behavior,
14

 child demographic information (age, 

gender) were entered at step 1, representing intrapersonal level factors. Interpersonal level 
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factors were entered in steps 2 (family demographics), 3 (parental cognitive factors), and 4 

(parental behavioral factors). The physical environment factor (television in bedroom) was 

added in step 5. The adjusted R-square was determined at each step. Additional regression 

analyses were repeated to examine the relationships in gender and age (i.e., 0 to 3-year-olds 

and 4- to 5-year-olds) subgroups. A sample size of n = 746 was deemed sufficient to detect a 

medium effect (i.e., r =0.30) at an alpha level of 0.05 and 80% power.
29

 

Additional analyses were conducting using a multiple logistic regression model to 

examine the associations between the independent variables and high television viewing (top 

quartile or ≥90 mins/day). A manual backward elimination process with a P=0.10 cut-off was 

used to determine the most parsimonious model. The linear and logistic regression analyses 

were repeated for screen time. Finally, sensitivity analyses were conducted to explore 

whether the results were influenced by using imputed versus best response values for 

parental attitudes and barriers among the 47 participants who did not engage in screen time.  

Examples of SAS output for all types of statistical tests used in this manuscript are provided 

in Appendix O.  

 

RESULTS 

Participant characteristics are in Table 1. Just over half (53.5%) of the children were 

male and the average age was 41 (16 SD) months or 3 (1 SD) years. Most children (93.7%) 

watched television and 37.9% played video/computer games. The average min/day was 66.6 

(48.0 SD) for television and 8.2 (18.6 SD) for video/computer games. For screen time, 13.6 

engaged in >2 hour/day and 43.5% engaged in >1 hour/day. 

All of the independent variables, with the exception of the child’s gender and the 

number of siblings in their home, were correlated with television viewing (Table 2). The 
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strongest correlations were for parental attitudes and descriptive norms (r=0.63). None of the 

correlations between the independent variables were above r=0.52 (data not shown). 

The results of the sequential linear regression (Table 3) indicated that 64.1% of the 

variance in children’s television viewing was explained by the independent variables. Forty-

one percent of the unique variance was explained by the parental cognitive variables, entered 

in step 3 and most of the remaining variance was explained by age (12.6% at step 1) and 

family demographics (8.3% at step 2). Similar relationships were observed when predicting 

screen time (data not shown). 

Subgroup analyses revealed that R-square values from the sequential linear regression 

were similar in boys (R
2
=0.61) and girls (R

2
=0.67). Gender differences were apparent for 

parental education and parental self-efficacy, which were stronger predictors in girls. 

Meaningful differences in R-square values were observed between 0- to 3- year-olds 

(R
2
=0.76) and 4- to 5-year-olds (R

2
=0.51; Table 3). Age differences existed at all 5 steps, 

with the largest differences occurring at steps 1 and 3. In step 1, age explained 25.9% of the 

variance in 0- to 3- year-olds compared to 0.1 % in 4- to 5-year-olds. In step 3, parental 

cognitive variables explained a further 41.9% in 0- to 3-year-olds compared to 34.7% in 4- to 

5-year-olds. 

The results of the logistic regression analysis (Table 4) revealed that the significant 

predictors of high television use were similar to that of the continuous television viewing 

variable (Table 3). Specifically, age, income, parental cognitions, parental television viewing, 

and having a television in the bedroom were also predictors of high television use. Similar 

results were observed when predicting high screen time (data not shown). In addition, the 

results of the sensitivity analyses revealed that the significant predictors of television viewing 
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and screen time were the same regardless if imputed or best response values were used for 

parental attitudes and barriers among the 47 participants that did not engage in screen time. 

However, there was a better model fit (i.e., higher R-square) when the best response values 

were used (data not shown). 

 

DISCUSSION 

This study used the Ecologic Model of Sedentary Behavior
14

 as a guide to examine 

associations between factors within the home setting and screen time among pre-school 

children. Several intrapersonal, interpersonal, and physical environment factors within the 

home setting were related to screen time, together explaining 64.1% of the variance in 

television viewing. Parental cognitive variables explained most (41.0%) of this variance. 

Consistent with the Ecologic Model of Sedentary Behavior,
14

 the findings of the 

present study suggest that there are multiple factors at different levels within a specific 

setting that simultaneously influence pre-school children’s screen time. To the authors 

knowledge, only one other study has used a similar approach in this age group;
30

 however, 

many of the independent variables they examined were drawn from the physical activity 

literature and were not specific to screen time. Consequently, only two predictors (parental 

television rules, presence of play station) were identified. In contrast, by using screen time-

specific measures, the present study was able to identify a number of predictors, many 

modifiable, which collectively explained two thirds of the variance in screen time. Future 

research within representative samples of children is needed to determine whether these 

relationships are consistent at the population level. 

While multiple levels of factors may influence pre-school children’s screen time, the 

findings of the present study suggest that parental cognitive factors may be of particular 
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relevance. The observation that parental cognitions explained the most variance in screen 

time, particularly in 0- to 3-year-olds, is likely due to the control parents have over what 

young children are exposed to at home.
6
 Thus, increasing parental awareness regarding the 

recommended levels of screen time, changing parental attitudes regarding children’s screen 

time engagement, as well as increasing parental self-efficacy to overcome barriers and say no 

to children’s request to engage in screen time may be potential strategies for future 

interventions. Although there is no consensus on the best approach for targeting parents,
31

 

Golan’s and Wizman’s conceptual model may be promising.
32

 While this model was 

developed for diet-related interventions, it encompasses many of the important factors 

identified in the present study regarding screen time.
32

 For example, the first part of this 

model focuses on changing parents’ cognitions (e.g., self-efficacy, attitudes) by increasing 

parental knowledge and skills, which in turn leads to positive changes in parental modeling 

and positive changes within the home environment that ultimately facilitate healthy family 

habits.
32

 Future research should evaluate interventions that target parents to determine the 

most appropriate approach. Furthermore, while this study focused on the home setting, future 

research should examine factors within other settings (e.g., child care centers, neighborhood 

environment) as outlined in the Ecologic Model of Sedentary Behaviour.
14

 

Strengths of this study include the theoretical approach and the large sample size, 

which allowed for age-stratified analyses and the examination of multiple independent 

variables. A key study limitation is the cross-sectional design, which limits the ability to 

make causal inferences. In addition, since it is not feasible to obtain direct measurements of 

screen time in large population-based studies, the screen time measures were parental-

reported. The information bias associated with these measures may have resulted in an 
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underestimation of the true associations.
33

 Furthermore, due to the low response rate and the 

fact that the main source of recruitment was licensed child care centers, which only 15% of 

pre-school children in the health region attend,
34

 the sample was not representative. Finally, 

while the questionnaire was pilot tested before distribution to the participants and all of the 

independent and dependent variables were adopted from national surveys or previous 

research, psychometric properties were not available for all of the variables.   

 

CONCLUSION 

A large proportion of screen time in pre-school children was explained by 

intrapersonal, interpersonal, and physical environment factors within the home setting. 

Parental cognitive factors at the interpersonal level were of particular relevance. These 

findings suggest that future interventions aiming to foster appropriate screen time habits in 

pre-school children may be most effective if they target parents for behavioral change. 
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Table 1. Participant characteristics (%) 

 

 Total (N=746) 

Child’s Gender  

     Male 53.5 

     Female 46.5 

Parent’s Gender  

    Male 7.0 

    Female 92.0 

    Other 1.0 

Child’s Age  

    < 1 years old 4.3 

     1-3 years old 34.7 

     4-5 years old 61.0 

Sibling(s)  

    No 37.7 

    Yes 62.3 

Family Structure  

   Two parent home 82.6 

   Single parent home 17.4 

Parental Education  

    Elementary (Grades 1-8) 1.5 

    High School (Grades 9-12) 14.1 

    Community/Technical College 35.3 

    University  27.9 

    Graduate University 21.2 

Annual Household Income  

     Less than $25,000 13.7 

    $25,000 to $50,000 15.3 

    $50,001 to $75,000 14.9 

    $75,001 to $100,000 17.6 

    More than $100,000 33.4 

    Not reported 5.1 

Child Watches Television  

    No 6.3 

   Yes 93.7 

Child Plays Video/Computer Games  

   No 62.1 

   Yes 37.9 

Screen Time  

   >1 hour/day 43.5 

   >2 hour/day 13.6 

Screen time = television + video/computer game 
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Table 2. Bivariate correlations (r) between television viewing and the independent variables 

 

Independent Variables Television Viewing 

Intrapersonal Factors  

      Age 0.36** 

      Gender -0.04 

Interpersonal Factors  

   Family Demographics  

      Siblings 0.06 

      Education -0.24** 

      Income -0.22** 

      Family Structure 0.11* 

   Parental Cognitions  

      Self-efficacy -0.27** 

      Attitudes 0.63** 

      Barriers 0.55** 

      Descriptive Norms 0.63** 

   Parental Behavior  

      Parental Television Viewing 0.29** 

Physical Environment Factor  

      Television in Bedroom 0.24** 

Gender: 0 = boys, 1 = girls; siblings: 0 = no, 1 = yes; family structure: 0 = two-parent family,  

1 = one-parent family; television in bedroom: 0 = no, 1 = yes; * P<0.01; ** P<0.001. 
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Table 3. Sequential linear regression models predicting television viewing 

  

 0- to 5-year-olds (N = 746) 

 

 0- to 3-year-olds (N = 291) 

 

 4- to 5-year-olds (N = 455) 

 

 

Β 95% CI R2 

 (Unique) 

 Β 95% CI R2 

 (Unique) 

 Β 95% CI R2 

 (Unique) 

Intrapersonal Factors (Step 1) 0.07* 0.05, 0.10 0.126  0.21* 0.16, 0.26 0.259  0.01 -0.01, 0.03 0.001 

      Age            

Interpersonal Factors            

   Family Demographics (Step 2)   0.083    0.071    .111 

      Education -0.57* -0.84, -0.29   -0.61* -1.08, -0.15   -0.49* -0.80, -0.18  

      Income -0.44* -0.63, -0.26   -0.51* -0.85, -0.18   -0.49* -.70, -.28  

      Family Structure -0.54 -1.32, 0.25   -1.09 -2.41, 0.24   -0.29 -1.04, 0.46  

   Parental Cognitions (Step 3)   0.410    0.419    0.347 

      Self-efficacy -0.28* -0.55, -0.01   -0.22 -0.65, 0.21   -0.41* -0.75, -0.06  

      Attitudes 1.69* 1.27, 2.13   2.30* 1.70, 2.89   0.79* 0.13, 1.46  

      Barriers 0.96* 0.55, 1.38   0.67* 0.12, 1.22   0.89* 0.38, 1.39  

      Descriptive Norms 1.11* 0.95, 1.28   1.00* 0.71, 1.30   1.15* 0.97, 1.33  

   Parental Behavior (Step 4)   0.011    <0.001    0.039 

      Parental Television Viewing 0.25* 0.16, 0.35   0.09 -0.08, 0.27   0.40* 0.28, 0.55  

Physical Environment Factor (Step 5)  0.001         

      Television in Bedroom 0.77* 0.26, 1.27   0.69 -0.30, 1.66 0.001  0.82* 0.19, 1.45 0.008 

The television dependent variable was square root transformed. 

B = Unstandardized beta coefficient; 95% CI = 95% confidence interval; R
2
 = adjusted R-square; * P≤0.05. 

Total model R
2
 = 0.641 for 0- to 5-year-olds, 0.757 for 0- to 3-year-olds, and 0.507 for 4- to 5-year-olds. 
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Table 4. Multiple logistic regression models predicting high (top quartile) television viewing 

 Odds Ratio 95% CI 

Intrapersonal Factors   

      Age (per year) 1.76 1.42, 2.18 

      Gender 0.57 0.37, 0.89 

          Male 1.00  

          Female 0.57 0.37, 0.89 

Interpersonal Factors   

   Family Demographics   

      Income (per SD) 0.73 0.60, 0.89 

   Parental Cognitions   

      Self-efficacy (per SD) 0.61 0.48, 0.78 

      Attitudes (per SD) 1.47 1.09, 1.98 

      Descriptive Norms (per SD) 2.75 2.18, 3.47 

   Parental Behavior   

      Parental Television Viewing (per SD) 1.83 1.45, 2.33 

Physical Environment Factor   

      Television in Bedroom   

          No 1.00  

          Yes 1.35 1.11, 1.63 

Odds ratios for continuous and ordinal variables are expressed per each standard deviation change 
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Chapter 9 

 

 

General Discussion and Conclusions 

 

 
9.1 Overview 

 

The overall purpose of this thesis was to explore some of the important unanswered 

questions that currently exist regarding sedentary behaviour among young people. The three 

main objectives were to (1) describe the sedentary behaviour levels of young people; (2) 

examine the impact of sedentary behaviour on obesity and other physical health outcomes 

among young people; and (3) examine the influence that individual, social, and 

environmental factors have on the sedentary behaviour of young people. There were several 

key findings from the six manuscripts within this thesis that addressed these main objectives. 

 

9.2 Summary of Key Findings 

Manuscript one was the first study to assess the proportion of children meeting the 

new Canadian Sedentary Behaviour Guidelines for the Early Years (aged 0-4 years). Similar 

to school-aged children and youth,
1, 2

 a number of children under 2 years (68%) and 2-4 

years (54%) were not meeting the guidelines. This study also described parental attitudes 

towards and barriers in reducing screen time. For those parents whose children exceeded the 

guidelines, more than 75% agreed that screen time is enjoyable for their child, provides 

parents an opportunity to get things done, or is a good learning tool. Furthermore, more than 

65% agreed that reducing screen time would be difficult because screen time is enjoyable for 

their child, parents need time to do household chores, or their child does not engage in too 

much screen time. 
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Manuscript two examined the influence of all the different components of sedentary 

behaviour (i.e., types, overall volume, and patterns) on cardio-metabolic risk factors among a 

large sample of American school-aged children and adolescents. Since no study has 

examined the influence of patterns of sedentary behaviour on health outcomes among young 

people, this study made an important contribution to the literature. In contrast to adult 

studies,
3-6

 the patterns and the overall volume of sedentary behaviour components were not 

associated with cardio-metabolic risk factors. For types of sedentary behaviour, associations 

were observed with television but not computer use. More specifically, participants who 

watched ≥4 hours/day of television were 2.5 times more likely to be in the highest quartile of 

clustered cardio-metabolic risk factors compared to participants who watch <1 hour/day. 

Independent associations were observed between television viewing and moderate-to 

vigorous-intensity physical activity (MVPA) with cardio-metabolic risk factors. Furthermore, 

in contrast to MVPA, the association between television viewing and clustered cardio-

metabolic risk factors appeared to be mediated or confounded by obesity. 

Manuscript three built on the findings of manuscript two by examining the potential 

mechanisms through which television viewing influences obesity in a large sample of 

Canadian youth. While researchers often state that television viewing impacts obesity 

through a negative impact on dietary habits, this was only the second study to formally test 

the mediating effects of dietary habits on this relationship. A moderate positive relationship 

was observed between television viewing and body mass index (BMI). However, the positive 

association between television viewing and BMI was not explained by television snacking or 

junk food consumption.  
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Manuscript four examined urban-rural differences in individual screen time activities 

in large samples of American and Canadian youth. This study addressed limitations of the 

current literature by using a multi-point ordinal scale for urban-rural geographic status to 

examine differences in individual screen time activities. The patterns observed differed 

between countries and between individual screen time activities. In comparison to suburban 

youth (non-metro adjacent), American youth in the most rural areas were more likely to be 

high (top quartile) television users and less likely to be high computer users. In contrast, 

Canadian youth in the most urban areas were less likely to be high television users and more 

likely to be high computer users. This study also examined the potential mediating effects of 

parent and peer support on the relationship; however, meaningful effects were not found. 

Manuscript five examined the influence of social and physical neighbourhood 

disorder on individual screen time activities in a large sample of Canadian youth. This study 

addressed limitations of the current literature by examining the influence of several objective 

and subjective (i.e., perceptions) measures of neighbourhood disorder on individual screen 

time activities. A stronger effect was observed for high (top quartile) social neighbourhood 

disorder compared to high physical neighbourhood disorder for all screen time activities. 

However, the strongest effect was observed for high social and physical neighbourhood 

disorder combined. More specifically, in comparison to participants living in neighbourhoods 

with low social and low physical disorder, participants living in neighbourhoods with high 

social and high physical disorder were 40-60% more likely to be high (top quartile) 

television, computer, and video game users. 

Manuscript six used the Ecologic Model of Sedentary Behaviour as a guide to 

examine the influence of several intrapersonal, interpersonal, and physical environment 
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factors within the home setting on television viewing and overall screen time among pre-

school children. This study addressed an important limitation of the current literature by 

using a behavioural model to guide the investigation. Furthermore, this study addressed an 

important gap in the literature by examining parental cognitive factors. Associations with 

television viewing and overall screen time were observed for several intrapersonal (e.g., age), 

interpersonal (e.g., parental education, income, self-efficacy, attitudes, barriers, descriptive 

norms), and physical environment (e.g., television in the bedroom) factors. Collectively, 

these variables predicted 64.1% (75.7% for 0- to 3-year-olds and 50.7% for 4- to 5-year-olds) 

of the variance in television viewing. Parental cognitive factors (self-efficacy, attitudes, 

barriers, descriptive norms) at the interpersonal level explained the most variance (41.0%). 

 

9.3 Overall Strengths of the Thesis 

The use of large population-based representative samples in manuscripts two through 

five is a strength of this thesis. While the final samples used in these studies tended to differ 

slightly in demographics (e.g., age and gender) from the total samples, it is unlikely that 

these differences influenced the etiological associations observed. More specifically, it is 

unlikely that a systematic bias in the retention of participants for the final analyses impacted 

the association between the specific exposures and outcomes that were obtained from general 

health surveys. As a result, the general patterns and trends observed among these studies are 

assumed to be largely generalizable to school-aged youth in Canada (HBSC study) and 

school-aged children and youth in the United States (NHANES, HBSC studies). While the 

local sample of pre-school children used in manuscripts one and six was not representative of 
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the population, little data on screen time exists for this age group in Canada, especially for 

children under 2 years. Therefore, this sample fills an important gap in the literature. 

 Along with the samples used in this thesis, the examination of independent screen 

time activities is also a strength. Many studies in the literature have only examined a 

summary screen time measure (e.g., television + computer + video games) or a single type of 

screen time (e.g. television). However, the findings of this thesis indicate that different types 

of screen time may affect health outcomes differently and the determinants of one screen 

time activity may not be consistent across all screen time activities. Furthermore, some 

screen time activities are more prevalent than others.  

Additional strengths of this thesis include the complex and contemporary statistical 

approaches used throughout the thesis such as the multi-level modeling, multiple imputation, 

and the bootstrapping mediation procedure as well as the novel approach used to calculate 

the patterns of sedentary behaviour. 

 

9.4 Overall Limitations of the Thesis 

One main limitation of this thesis is the cross-sectional nature of manuscripts two 

through six. Temporality or whether the exposure precedes the outcome cannot be 

determined with cross-sectional study designs.
7
 Consequently, the ability to make causal 

inferences regarding the relationship between an exposure and outcome is limited.
7
 However, 

many of the studies met other criteria for causation. For example, the relationships examined 

were biologically plausible and many of the associations observed followed a dose-response 

pattern.
7
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Another main limitation of the thesis is the use of self-report and proxy-report 

measures for a number of exposure and outcome variables (e.g., screen time). Since these 

measures are prone to information bias such as recall or social desirability bias, there may 

have been some misclassification present among the studies within the thesis.
7
 For the 

descriptive study (manuscript one), this may have resulted in some error in the classification 

of whether children adhered or exceeded the sedentary behaviour guidelines. For the 

etiological studies (manuscript two to six), this misclassification may have resulted in an 

overestimation or underestimation of the true effects.
7
 For instance, when the screen time 

variables were treated as a binary (e.g., manuscript four to six), non-differential 

misclassification would have likely resulted in an underestimation of the true effects.
7
 

However, when the screen time variables had more than two levels (e.g., manuscript two), 

non-differential misclassification could have resulted in overestimation or underestimation of 

the true effects.
7
 Furthermore, many of the confounders in this thesis were also measured 

with self-report or proxy-report measures and it is possible that some confounders were 

missed. As a result, an overestimation or underestimation of the true effects may have also 

occurred due to residual confounding.
7
 

 

9.5 Public Health Implications 

Several of the findings from the six manuscripts within this thesis have important 

implications for public health. Findings from manuscript two and six provide further 

evidence to support the argument that sedentary behaviour and MVPA are distinct 

behaviours.
8-10

 For instance, manuscript two demonstrated that television viewing and 

MVPA were weakly (r=-0.06) correlated and that high television viewing and low levels of 
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MVPA independently predicted health outcomes. Furthermore, the findings from manuscript 

six suggested that screen time-specific determinants are more appropriate for understanding 

screen time engagement than determinants based on a priori associations with MVPA.
8, 10

 

Therefore, distinct approaches should be considered for future interventions and initiatives 

aiming to decrease television viewing or other types of screen time.
11

 Furthermore, future 

national guidelines should continue to develop separate sedentary behaviour and MVPA 

recommendations for school-aged children and youth as well as children of the early years.  

Potential approaches to decrease screen time among school-aged youth and pre-

school children were identified in several of the manuscripts within this thesis. For instance, 

the findings from manuscript four and five indicate that environmental factors, such as 

urban-rural geographic status and neighbourhood disorder, may be important to consider for 

future interventions and initiatives among youth. Potential strategies to target neighbourhood 

disorder were discussed within manuscript five including programs to increase 

neighbourhood ties (e.g., neighbourhood watch) and initiatives to lower fences and increase 

lighting. However, it is important to note that modifying environmental factors within the 

community or neighbourhood can be a complex and timely undertaking. Therefore, 

interventions and initiatives in the immediate future may consider targeting youth living 

within the at-risk communities or neighbourhoods. For neighbourhood disorder, this could 

involve providing safe alternative opportunities to indoor screen time activities such as 

affordable community and/or school-based supervised after-school programs. For urban-rural 

residence, country and screen time specific strategies may be needed. 

The findings from manuscripts one and six indicate that parental cognitive factors, 

such as self-efficacy, attitudes, barriers, and descriptive norms, may be important targets for 
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future interventions and initiatives aimed at decreasing screen time in pre-school children. 

Increasing parental knowledge and awareness as to why screen time should be limited or 

eliminated as well as the skills on how to meet this aim during household chores and busy 

family schedules are strategies to consider.
12

 This information could potentially be 

disseminated through dialogue with pediatricians or other health professionals, mass media 

campaigns, print resources, or public health programs (e.g., prenatal classes).
12, 13

 Since a 

number of children are forming screen time habits within the first year of life, parents of 

infants or even expecting parents should be targeted. 

 

9.6 Directions for Future Research 

Several of the findings from the six manuscripts within this thesis also provide 

directions for future research regarding sedentary behaviour and young people. In regards to 

surveillance, manuscript one was the first study to examine the adherence to the new 

Canadian Sedentary Behaviour Guidelines for the Early Years. Additional research within 

representative samples of Canadian children is warranted to determine the extent to which 

excessive screen time is problematic at the national level. 

In regards to sedentary behaviour and health outcomes, further research is needed to 

understand the pathway by which television viewing impacts obesity. While manuscript three 

did not observe positive mediating effects of dietary habits on this relationship, the study was 

limited by the cross-sectional design, self-report measures of height and weight, and crude 

measures of dietary habits. Therefore, future research that simultaneously examines energy 

intake and expenditure mediators with longitudinal or experimental designs, more precise 
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measures, and formal mediation analyses may provide further insight into the mechanisms of 

this relationship.   

In contrast to the television viewing, research examining the health implications of 

overall volume and patterns of sedentary behaviour among young people is limited.  

Therefore, the weak and non-significant findings in manuscript two between these sedentary 

behaviour components and cardio-metabolic risk factors should be further explored. Potential 

directions for future research include examining the health implications of sedentary 

behaviour accumulated during different periods of the day (e.g., after-school period) or for 

longer minimum bout lengths (e.g., 60 or 90 minutes). Furthermore, future research using 

measures that accurately capture sitting and lying postures (e.g., ActivPAL inclinometer) 

may provide further insight into these relationships. Finally, since the vast majority of 

findings are based on cross-sectional data, future longitudinal and experimental studies 

should be conducted. 

 In regards to determinants of sedentary behaviour among school-age children and 

youth, knowledge of the factors that influence sedentary behaviour is limited, especially for 

environmental factors. The findings from manuscript four and five indicate that urban-rural 

geographic status and neighbourhood disorder may be potential environmental influences of 

screen time among youth. Future research should determine whether there are other relevant 

environmental influences. For example, seasonal variation, weather, and traffic safety may 

also encourage young people to stay indoors.
9
 In addition, future research should evaluate 

interventions that incorporate relevant environmental factors to determine their success in 

reducing screen time. This research should be guided by a behavioural model or theory, such 
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as the Ecological Model of Predictors of Child Overweight
14

 or the Ecologic Model of 

Sedentary Behaviour.
9
 

 In regards to determinants of sedentary behaviour among pre-school children, 

additional research is needed within representative samples of Canadian children to 

determine whether the parental influences identified in manuscript one and six are consistent 

at the national level. Furthermore, future research is needed to evaluate interventions and 

initiatives that target relevant parental factors to determine their success in reducing or 

eliminating children’s screen time. Similar to school-aged children and youth, this research 

should be guided by a behavioural model or theory. While there is no consensus on the best 

approach for targeting parental factors, the familial approach to the treatment of childhood 

obesity may be one model to consider.
15

 This model focuses on reshaping parental cognitions 

by increasing their knowledge and skills, which in turn improves parental modeling and the 

home environment to facilitate healthy family habits.
15

 

 

9.7 Summary of PhD Research Experience 

The candidate gained considerable research experience in completing the present 

thesis. She critically appraised the literature to assess the overall strength and consistency of 

relationships and identify gaps and limitations within the existing literature. In addition, the 

candidate developed novel research questions and employed epidemiological study designs 

to address these questions. Furthermore, the candidate retrieved and managed complex 

datasets and conducted primary data collection of child, parent, child care, and environmental 

information. The candidate also conducted complex statistical analyses of both primary and 

secondary data including multi-level modeling and bootstrapping. Moreover, the candidate 
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considered key etiological concepts such as confounding, effect modification, and mediation 

at the study design, data collection, and data analysis phases. Finally, the candidate 

disseminated her research findings through several peer-reviewed published journal articles 

and through academic and non-academic presentations. 

 

9.8 Conclusions 

Sedentary behaviour is gaining increasing attention in the field of physical activity 

epidemiology as a distinct behaviour from MVPA. While research examining sedentary 

behaviour has substantially increased over the past decade, it is still considered to be in its 

infancy. The findings from the manuscripts within this thesis make important contributions to 

this field of study. More specifically, the findings provide further evidence for the 

independent health effects of sedentary behaviour, in particular television viewing, on cardio-

metabolic risk factors. The findings also provide insight into the environmental influences of 

screen time among youth. Finally, the findings extend our knowledge on screen time 

engagement and parental influences of screen time in a relatively understudied pre-school 

age group. It is hoped that these findings will help the public health sector, the scientific 

community, and society as whole to improve the health and well-being of young people.  
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Background 

The National Health and Nutrition Examination Survey (NHANES) is a large 

ongoing national surveillance study conducted by the National Center for Health Statistics in 

the United States. The main purpose of the NHANES study is to monitor the health and 

nutritional status of Americans across all age groups.
1
 The first survey was conducted in 

1959 and over the next 40 years several other surveys were conducted focusing on specific 

population groups or health topics.
1
 NHANES became a continuous survey in 1999 with 

cross-sectional data being collected annually and released for public use in two-year 

increments.
1
 Manuscript two within this thesis was based on NHANES 2003/04 and 2005/06. 

Study Design 

 NHANES uses a complex multi-stage probability sampling procedure to select a 

representative sample of the American population for all age groups.
1
 Persons residing in 

nursing homes, members of the armed forces, institutionalized persons, and citizens living 

abroad are excluded.
1
 The NHANES sampling procedure consists of four stages. The first 

stage involves selecting primary sampling units, which are single counties or several small 

counties combined. Since 2001, the primary sampling units have been selected from a 

sampling frame of all United Stated counties using information from the 2000 census. For the 

second stage, primary sampling units are divided into segments usually defined by city 

blocks and the third stage randomly draws houses within each segment. Finally, the fourth 

stage involves randomly sampling individuals within specific age-sex-ethnicity groups from 

each household.
1
 Certain subgroups of the population that are of public health interest are 

oversampled such as persons aged 60 and older, African Americans, and Hispanics.
1
 

Therefore, to obtain unbiased national estimates a sampling weight is assigned to each 

participant that takes into account the oversampling as well as nonresponse.
1
 Separate sample 
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weights are provided when using different parts of the survey. The different parts of the 

survey are explained in the next paragraph. 

Participation in the NHANES encompasses both an interview and physical 

examination. The interview occurs in the participant’s home and collects demographic (e.g., 

ethnicity, income) and dietary intake (e.g., 24 recall of food and beverages consumed) 

information as well as information regarding health behaviours (e.g., alcohol use, physical 

activity) and disease history (e.g., diabetes, kidney conditions).
1
 The physical examination 

occurs at a mobile examination centre that consists of four tractor trailers. The examination 

involves various physiological measurements (e.g., blood pressure, height, weight), a dental 

exam, and laboratory tests (e.g., blood samples, urine samples).
1
 A physical activity monitor 

component was added to the NHANES in 2003.
1
 Participants receive an accelerometer and 

detailed instructions regarding the accelerometer at the mobile examination centre. 

Participants are asked to wear the accelerometer for a week and return it by mail in a pre-

stamped padded envelope.
1
 

In order to obtain a nationally representative sample of approximately 5000 people, 

15 primary sampling units were visited yearly for the 2003/04 and 2005/06 surveys.
1
 For 

example, the 2003/04 survey included 9,643 (76%) people who agreed to participate in the 

interview and the physical examination.
1
 NHANES uses several strategies to maximize 

participation. For example, all participates are given a cash remuneration and a report of their 

physical examination findings. Additionally, transportation is provided to the mobile 

examination centre if required and any cost associated with child/elder care is covered.
1
 

Ethics approval for the NHANES 2003/04 and 2005/06 were obtained from the National 

Centre for Health Statistics Research Ethics Review Board. Furthermore, consent was 
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obtained from all participants and their parents/guardians if <18 years old. Ethics approval 

for secondary analysis of the NHANES dataset was obtained from the Queen’s University 

General Research Ethics Board. 
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Health Behaviour in School-aged Children Survey (HBSC) 

Study Design 
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Background 

The Health Behaviour in School-aged Children Survey (HBSC) is an ongoing cross-

national surveillance study that aims to better understand the health and well-being of youth.
1
 

The study was conceived in 1982 by researchers in Europe and soon afterwards became a 

World Health Organization collaborative study. The first survey was conducted in 1983/84 in 

four countries (Austria, Finland, Norway, United Kingdom) and cross-sectional data has 

been collected on a 4-year cycle ever since the 1985/86 survey.
1
 Canada’s first survey was 

conducted in 1989/90 and the United States’ first survey was conducted in 1997/98.
1
 The 

most recent HBSC survey in 2009/10 was conducted in 44 countries. Manuscripts three and 

five within this thesis were based on the Canadian records of the 2009/10 survey. 

Additionally, manuscript four was based on the Canadian and American records of the 

2005/06 survey. 

Study design 

 

In accordance with the international HBSC protocol, both Canadian and the United 

States use a systematic single-cluster sampling procedure, with school class as the basic 

cluster, to obtain a representative sample of youth.
2
 For instance, the 2005/06 and 2009/10 

Canadian surveys systematically sampled from a list of grade 6 through 10 classes that were 

grouped according to the regional geography, urban-rural geography, school board type (e.g., 

public or separate), and language of instruction. This list excluded youth in private or special 

need schools as well as street and incarcerated youth. If a school board or school declined 

participation the same sampling procedure was used to select a substitute class. The 

Canadian 2005/06 survey was self-weighted. However, the American 2005/06 survey 

oversampled African-American and Hispanic youth and was weighted accordingly. 
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Similarly, the Canadian 2009/10 was weighted to account for oversampling of students in 

several provinces and territories. 

A self-report student questionnaire is the main component of the HBSC study in all 

participating countries.
1
 The Canadian questionnaire is administered to all participating 

students in each class during an approximately 40 minute session. The questionnaire includes 

a core set of questions developed by the HBSC international research network.
1
 These core 

questions collect background (e.g., demographics, maturation), individual and social resource 

(e.g., body image, family support), health behaviour (e.g., physical activity, smoking), and 

health outcome (e.g., body mass index, life satisfaction) information.
1
 Additionally, many 

participating countries, including Canada and the United States, incorporate optional 

questions into the survey that are of particular interest to the specific country.
1
 

 Along with the self-report student questionnaire, the 2005/06 and 2009/10 Canadian 

surveys also included an administrator questionnaire. This questionnaire was completed by 

the principal or designate of each school and collected information about school policies, 

features of the school, and its surrounding neighbourhood. Additionally, the 2009/10 

Canadian survey included measures of the school neighbourhood environment. These 

measures were obtained through geographic information systems (GIS). 

Each participating country obtains a nationally representative sample of ≥4500 youth 

per survey cycle.
1
 The total sample for the Canadian 2005/06 survey was 9,672 students from 

188 schools across Canada. Similarly, in the American 2005/06 survey the total sample was 

9,016 from 226 schools. The total sample for the Canadian 2009/10 survey was larger, with 

26,078 students from 436 schools. In order to maximize participation a report of the findings 

is provided to all participating schools. Ethics approval was obtained from the Queen’s 
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University General Research Ethics Board for the Canadian 2005/06 and 2009/10 surveys 

and the Institutional Review Board of the Eunice Kennedy Shriver National Institute of Child 

Health and Human Development for the American 2005/06 survey. Additionally, consent 

was obtained from participating school boards, individual schools, parents, and students. 
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Healthy Living Habits in Pre-school Children from the KFL&A Region  

Study Design 
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Background 

 

 The Healthy Living Habits in Pre-school Children study involved children ≤5 years 

old from the Kingston, Frontenac, Lennox, and Addington (KFL&A) Region in Ontario, 

Canada. The study was initiated through a partnership between the candidate, her supervisor, 

and the KFL&A Public Health staff to gain a better understanding of the healthy living habits 

(i.e., screen time, physical activity, eating behaviours) of pre-school children in the region. 

Manuscripts one and six within this thesis were based on this study. 

Study Design 

 

A considerable amount of time was devoted to the development of survey materials 

and procedures prior to data collection. Interests of the candidate, her supervisor, and 

KFL&A Public Health Staff as well as survey length and readability were all given 

consideration when developing materials. Questionnaire items were primarily adopted from 

National surveys
1, 2

 or previous research examining healthy living habits in pre-school 

children.
3-5

 A pilot study was conducted in April, 2011 to test the procedures, logistics, and 

survey materials with ten parents and three directors/supervisors of child care centres. The 

information from the pilot study helped to improve the quality and efficiency of data 

collection.  

Data were collected between May and September, 2011. Parents with children ≤5 

years old were recruited from two sources: licensed child care centres (e.g., daycares, nursery 

schools, Montessori schools) and public health or other community programs that focused on 

pre-school children and/or their parents (e.g., Ontario Early Years Centres, Better 

Beginnings, Healthy Babies Healthy Children). Child care centre directors/supervisors and 
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program organizers were recruited through phone or e-mail and on-site visits were scheduled 

with participating locations.  

Eligible parents from the participating locations received a package that included a 

cover letter, information letter, consent form, and brief questionnaire. The questionnaire was 

to be completed by the parent most familiar with the child and if the parent had more than 

one child ≤5 years old it was to be completed for the child with the birth date closest to 

January 1
st 

or the oldest twin. The questionnaire collected demographic information (e.g., age 

of child, sex of child, siblings, home- or centre-based child care attendance, family 

income/education) as well as information about the parents’ and children’s screen time and 

physical activity participation.  

Directors/supervisors of participating licensed child care centres were also asked to 

complete a brief questionnaire. The questionnaire collected information about the policies 

and facilities at their child care centre that could influence screen time, physical activity, and 

eating behaviours. The questions were adopted from a tool that was developed for the 

Nutrition and Physical Activity Self-assessment for Child Care study (NAP SACC) in the 

United States.
6
 Both the parent and director/supervisor questionnaires required 

approximately 15 minutes to complete and were mailed back (or completed on the internet) 

in a pre-stamped and pre-addressed envelope. The director/supervisor measures have not 

been included as part of this thesis.   

In addition to the parent and director/supervisor questionnaires, an environmental 

assessment was conducted during the child care centre on-site visit. The assessment was 

guided by a modified version of the Environmental and Policy Assessment and Observation 

instrument, which was also a tool developed for the NAP SACC study.
7
 The environmental 
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assessment took approximately 30-60 minutes to complete and collected information on the 

indoor and outdoor play area, fixed equipment, and the daily curriculum/routine. 

Furthermore, measures around the homes of the participating children (e.g., number of parks 

and fast food restaurants in the neighbourhood) were also obtained through geographic 

information systems (GIS). The environmental measures have not been included as part of 

this thesis.   

Out of the 60 child care centres in the health region, 46 (77%) agreed to distribute 

packages to parents. Out of those 46 child care centres, 43 (93%) completed the director 

questionnaire and 46 (100%) participated in the environmental assessment. Additionally, 14 

out of 16 (88%) public health programs agreed to distribute packages to parents. 

Approximately 37% (35% from child care centres and 41% from public health/community 

programs) of the parents who received the packages completed the questionnaire resulting in 

a total sample of 800 participants. Furthermore, 84% of participants agreed to be contacted in 

the future regarding a follow-up research study. Several strategies were used to maximize 

participation including reminder posters at child care centres, parental reminder letters, three 

prize (i.e., gift certificates) draws for parents and two prize (i.e., play equipment) draws for 

child care centres. Ethics approval was obtained from the Queen’s University General 

Research Ethics Board. Additionally, consent was obtained from participating child care 

centres, public health/community programs, and parents. 
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Appendix E 

National Health and Nutrition Examination Survey (NHANES) 

Relevant Questionnaire Items 
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Age: 

What is {your/{NAME}’s} birth date? 

____ ____ _______  

 MM   DD   YYYY 

 

Computer: 

Over the past 30 days, on average about how many hours per day did {you/SP} use a 

computer or play computer games? Would you say… 

    None 

    Less than 1 hour 

    2 hours 

    3 hours 

    4 hours 

    5 hours or more 

 

Ethnicity: 

 

Do any of the groups on this card represent {your/{NAME}’s} national origin or ancestry? 

 

    Mexican-American/Mexican 

    Other Hispanic or Latino 

    Both Mexican and Other Hispanic 

    Not Hispanic 

 

If you answered “Not Hispanic,” What race do you consider {yourself/NAME} to be? Please 

select one or more. 

    American Indian or Alaskan Native 

    Black or African American 

    Native Hawaiian or Pacific Islander 

    White 

    Other 

 

Gender: 

Is {NAME} male or female? 

    Male 

    Female 
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Smoking: 

The following questions are about cigarette smoking and other tobacco use. Have you ever 

tried cigarette smoking, even 1 or 2 puffs? 

    Yes 

    No 

 

Socioeconomic Status: 

Now I am going to ask about the total combined income for {you/NAME(S) OF CPS 

FAMILY MEMBERS/all the persons in your household: that is all the persons we have 

talked about and NAMES OF ADDITIONAL HOUSEHOLD MEMBERS} in the last 12 

months, including income from all sources we have just talked about such as wages, salaries, 

Social Security or retirement benefits, help from relatives and so forth. Can you tell me that 

amount before taxes? 

$ |___|___|___|___|___|___|___|___|___| 

 

Television: 

 

Over the past 30 days, on average about how many hours per day did {you/SP} sit and watch 

TV or videos? Would you say… 

    None 

    Less than 1 hour 

    1 hour 

    2 hours 

    3 hours 

    4 hours 

    5 hours or more 
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Appendix F 

Health Behaviour in School-aged Children Survey (HBSC) 

Relevant Student Questionnaire Items 
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Communication with Peers: 

How often do you talk to your friend(s) on the phone or send them text or email messages or 

have contact through the internet? 

    Rarely or never 

    1 or 2 days a week 

    3 or 4 days a week 

    5 or 6 days a week 

    Every day 

 

Computer: 

About how many hours a day do you usually use a computer for chatting on-online, internet, 

emailing, homework, etc. in your free time? (Please mark one box for weekdays and one box 

for weekend) 

           Weekdays            Weekend 

    None at all     None at all 

    About half an hour a day     About half an hour a day 

    About 1 hour a day     About 1 hour a day 

    About 2 hours a day     About 2 hours a day 

    About 3 hours a day     About 3 hours a day 

    About 4 hours a day     About 4 hours a day 

    About 5 hours a day     About 5 hours a day 

    About 6 hours a day     About 6 hours a day 

    About 7 hours or more a day     About 7 hours or more a day 

 

Currently Dieting: 

At present, are you on a diet or doing something else to lose weight? 

 No, my weight is fine 

 No, but I should lose some weight 

 No, because I need to put on weight 

 Yes 
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Dieting in the Last 12 Months: 

Have you gone on a diet, changed your eating habits or done something else to control your 

weight during the last 12 months? 

 No  Yes, for a month 

 Yes, for a few days 
 Yes, for more than a month but less 

than 6 months 

 Yes, for a week  Yes, for 6 months or more 

 Yes, for more than a week but less 

than a month 
 

 

 

Ethnicity: 

How do you describe yourself? 

 White  Métis 

 Chinese  Inuit 

 South Asian (eg. East Indian, 

Pakistani, Sri Lanken, etc.) 
 Dene 

 Black  First Nations 

 Filipino  Japanese 

 Latin American  Korean 

 Southeast Asian (e.g., Cambodian, 

Indonesian, Vietnamese, etc.) 
 West Asian (e.g., Afghan, Iranian, 

etc.) 

 Arab  Other (please specify) ____________ 

 

Family Structure: 

All families are different (for example, not everyone lives with both their parents, sometimes 

people live with just one parent, or they have two homes or live with two families) and we 

would like to know about yours. Please answer this first question for the home where you 

live all or most of the time and mark the people who live there. 

Adults 

 Mother 

 Father 

 Stepmother (or father’s girlfriend) 

 Stepfather (or mother’s girlfriend) 

 Grandmother 

 Grandfather 

 I live in a foster’s home or children’s home 

 Someone or somewhere else (please write down) _______________________ 
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Gender: 

Are you male or female? 

    Male 

    Female 

 

Grade: 

What grade are you in? 

 Grade 6  Grade 7  Grade 8  Grade 9  Grade 10  Grade 11 

 

Junk Food Consumption: 

How many times a week do you usually eat or drink….? (Please mark 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 

a. Sweets (candy or    

    chocolate) 
       

b. Coke or other soft    

    drinks that contain sugar 
       

c. Cake, pastries, donuts        
d. Potato chips        
e. French fries        

 

Parent-child Communication: 

How easy is it for you to talk to the following persons about things that really bother you? 

(Please mark one box for each line) 

 
Very 

easy 
Easy Difficult 

Very 

difficult 

Don’t have 

or see this 

person 

a. Father      
b. Mother      
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Parental Employment: 

Does your father have a job? Does your mother have a job? 

 Yes  Yes 

 No  No 

 Don’t know  Don’t know 

 Don’t have or don’t see father  Don’t have or don’t see mother 

 

Safety and Neighbours Take Advantage: 

Please say how you feel about these statements about the area where you live. (Please mark 

one box for each line) 

 
Strongly 

agree 
Agree 

Neither 

agree or 

disagree 

Disagree 
Strongly 

disagree 

a. It is safe for younger children     

    to play outside during the day 
     

b. Most people around here   

    would try to take advantage of   

    you if they got the chance 

     

 

Socioeconomic Status: 

a. Do you have your own bedroom for yourself?   No     Yes 

b. Does your family own a car, van or truck?   No      Yes, one      Yes, two or more 

c. During the past 12 months, how many times did you travel away on holiday (vacation)    

    with your family?   Not at all      Once      Twice      More than twice 

d. How many computers does your family own?   None      One      Two      More than    

     two 

 

Social Environment in the Classroom: 

Here are some statements about the students in your class(es). Please show how much you 

agree or disagree with each one (Please mark one box for each line) 

 
Strongly 

agree 
Agree 

Neither 

agree nor 

disagree 

Disagree 
Strongly 

disagree 

a. The students in my class(es)  

    enjoy being together 
     

b. Most of the students in my    

    class(es) are kind and helpful 
     

c. Other students accept me as I am      
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Television: 

About how many hours a day do you usually watch television (including videos and DVDs) 

in your free time? (Please mark one box for weekdays and one box for weekend) 

           Weekdays            Weekend 

    None at all     None at all 

    About half an hour a day     About half an hour a day 

    About 1 hour a day     About 1 hour a day 

    About 2 hours a day     About 2 hours a day 

    About 3 hours a day     About 3 hours a day 

    About 4 hours a day     About 4 hours a day 

    About 5 hours a day     About 5 hours a day 

    About 6 hours a day     About 6 hours a day 

    About 7 hours or more a day     About 7 hours or more a day 

 

Television Snacking: 

How often do you eat a snack while you… 

 

Never 

Less 

than once 

a week 

1-2 days 

a week 

3-4 days 

a week 

5-6 days 

a week 

Watch TV (including videos     

and DVDs)? 
     

 

Time Spent with Peers: 

How many days a week do you usually spend time with friends right after school? 

 0 days  1 day  2 days  3 days  4 days  5 days 

 

How many evenings per week do you usually spend out with friends? 

 0 evenings  1  2  3  4  5  6  7 evenings 
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Video Games: 

About how many hours a day do you usually play games on a computer or games console 

(Playstation, Xbox, GameCube, etc.) in your free time? (Please mark one box for weekdays 

and one box for weekend) 

           Weekdays            Weekend 

    None at all     None at all 

    About half an hour a day     About half an hour a day 

    About 1 hour a day     About 1 hour a day 

    About 2 hours a day     About 2 hours a day 

    About 3 hours a day     About 3 hours a day 

    About 4 hours a day     About 4 hours a day 

    About 5 hours a day     About 5 hours a day 

    About 6 hours a day     About 6 hours a day 

    About 7 hours or more a day     About 7 hours or more a day 

 

Weight and Height to Calculate the Body Mass Index: 

How much do you weigh? Answer using pounds or kilograms: 

_______ Pounds       OR       _______ Kilograms 

How tall are you? Answer using feet and inches or centimetres: 

_______ Feet _______ Inches     OR     _______ Centimetres 
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Appendix G 

Health Behaviour in School-aged Children Survey (HBSC) 

Relevant Administrator Questionnaire Items 
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Ethnic Tensions, Drugs/Drinking in Public, Gangs, Crime: 

 

How much of a problem are the following in the neighbourhood where this school is located? 

(Please check one for each line) 

 

 Major 

problem 

Moderate 

problem 

Minor 

problem 

Not a 

problem 

I don’t 

know 

a. Tensions based on racial,  

    ethnic or religious differences 
     

b. Selling or using drugs or    

    excessive drinking in public 
     

c. Gangs      
d. Crime in the neighbourhood      
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Appendix H 

Healthy Living Habits in Pre-school Children from the KFL&A Region  

Relevant Parental Questionnaire Items 
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Age: 

When was your child born?  

Month  

 January  

 February 

 March 

 April  

 

 May 

 June 

 July 

 August 

 

 September 

 October 

 November 

 December 

Year 

 2004 

 2005 

 2006 

 2007 

 

 2008 

 2009 

 2010 

 2011 

 

Attitudes: 

Below are some reasons why your child may participate in screen time (TV/computer/video 

games) activities:  

 Strongly 

Agree 
Agree Disagree 

Strongly 

Disagree 

a. It is good for his/her brain (i.e.,     

    learning tool) 
    

b. It is something my child finds very  

    enjoyable 
    

c. It gives me the opportunity to get  

    things done on my own (e.g.,     

    household chores, cooking) 
    

d. It allows me to cope from a busy   

   day at work and/or looking after      

   multiple children 
    

e. It helps my child relax     

f.  It provides family time, bonding     

    time, or quality time 
    

g. It grabs hold of my child’s attention     

h. It teaches my child to get along with  

   others 
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Barriers: 

 

Reducing my child’s screen time (TV/computer/videogames) activities would be difficult 

because: 

 Strongly 

Agree 
Agree Disagree 

Strongly 

Disagree 

a. There is pressure from society to  

    purchase and use media-related     

    equipment (e.g., cable, computer,     

    DVD players) 

    

b. My neighbourhood is not safe for    

    my child to play outdoors 
    

c. Poor weather (i.e., cold and rainy    

   days) limit my child’s opportunities    

   to go outside 
    

d. I need a coping-tool for meeting the  

   demands of a busy day at work or     

   raising multiple children 
    

e. I need time to do household chores  

    (e.g., cleaning, cooking) 
    

f.  My child really enjoys screen time     

     activities 
    

g. My child does not engage in too  

    much screen time activities 
    

 

Descriptive Norms: 

What do you feel is the maximum amount of time your child should spend participating in 

screen time (TV/computer/videogames) activities per day? 

 0 minutes per day 

 30 minutes per day 

 1 hour per day 

 1 hour and 30 minutes per day 

 2 hours per day 

 3 or more hours per day 

 

Family Structure: 

 

What is your marital status? 

 Married 

 Living common-law 

 Widowed 

 Separated/Divorced 

 Single, never married 
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Gender: 

Is your child male or female?      Male      Female 

 

Parental Computer: 

In a typical week in the past 3 months, how much time did you usually spend on a computer, 

including playing computer games and using the internet? (Do not include time spent at work 

or at school). 

 

 None    From 6 to 10 hours 

 Less than 1 hour   From 11 to 14 hours 

 From 1 to 2 hours   From 15 to 20 hours 

 From 3 to 5 hours   More than 20 hours 

 

 

Parental Education: 

 

What is the highest grade or level of education you have completed? 

  No schooling 

  Elementary (Grades 1-8) 

  High school (Grade 9-12) 

  Community/Technical College 

  University (i.e., Undergraduate, teacher’s college) 

  Graduate University (i.e., master’s, doctorate, medicine, dentistry, etc.) 

 

Parental Income: 

 

During the past 12 months, what was your household income from wages and salaries 

(before taxes and deductions)? 

  Less than $25,000 

  $25,000 to $50,000 

  $50,001 to $75,000 

  $75,001 to $100,000 

  More than $100,000 

  Do not know 
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Parental Television: 

In a typical week in the past 3 months, how much time did you usually spend watching 

television, videos, or DVDs? 

 None    From 6 to 10 hours 

 Less than 1 hour   From 11 to 14 hours 

 From 1 to 2 hours   From 15 to 20 hours 

 From 3 to 5 hours   More than 20 hours 

 

Parental Video Games: 

In a typical week in the past 3 months, how much time did you usually spend playing video 

games (e.g., Playstation, Wii, XBOX)? 

 

 None    From 6 to 10 hours 

 Less than 1 hour   From 11 to 14 hours 

 From 1 to 2 hours   From 15 to 20 hours 

 From 3 to 5 hours   More than 20 hours 

 

Self-Efficacy: 

How confident are you that you could say no to your child’s request to participate in screen 

time (TV/computer/video games) activities?  

 Not at all confident 

   A little bit confident 

   Confident 

   Very confident 

 

Siblings: 

How many siblings does your child have that live in the same home, including step-brothers 

and step-sisters?           0          1          2          3          4 or more 
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Television: 

Does your child watch television, videos, or DVDs?  Yes or  No 

On average, how much time per day does your child watch television, videos, or DVDs?  

Weekdays Weekend 

 Less than 15 minutes  

 15 minutes to less than 30 minutes 

 30 minutes to less than 1 hour 

 1 hour to less than 2 hours 

 2 hours to less than 3 hours  

 3 hours or more 

 Less than 15 minutes  

 15 minutes to less than 30 minutes 

 30 minutes to less than 1 hour 

 1 hour to less than 2 hours 

 2 hours to less than 3 hours  

 3 hours or more 

 

Television in Bedroom: 

Does your child have a television or portable DVD player in their bedroom?   Yes  or   No 

 

Video and Computer Games: 

Does your child play video/computer games?  Yes or  No 

On average, how much time per day does your child play video/computer games? 

Weekdays Weekend 

 Less than 15 minutes  

 15 minutes to less than 30 minutes 

 30 minutes to less than 1 hour 

 1 hour to less than 2 hours 

 2 hours to less than 3 hours  

 3 hours or more 

 Less than 15 minutes  

 15 minutes to less than 30 minutes 

 30 minutes to less than 1 hour 

 1 hour to less than 2 hours 

 2 hours to less than 3 hours  

 3 hours or more 
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Appendix I 

Bootstrapping Mediation Procedure 
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 Physical activity epidemiology and many other disciplines define a mediator as a 

variable that falls on the causal pathway between an exposure and an outcome.
1, 2

 Therefore, 

mediators provide information on the mechanisms through which an exposure exerts its 

effect on an outcome.
2
 Several statistical methods have been used to statistically test for 

mediating effects, which are also referred to as indirect effects.
3
 The most commonly used 

method, often referred to as the causal steps approach, was developed by Baron and Kenny.
3, 

4
 According to this method, several statistical criteria must be met for a variable to be 

considered a mediator.
3, 4

 First, the effect of the exposure on the outcome must be significant. 

Second, the effect of the exposure on the mediator must be significant. Third, the effect of 

the mediator on the outcome after adjusting for the exposure must be significant. Finally, the 

effect of the exposure on the outcome should decrease after adjusting for the mediator.
4, 5

 

 While the causal steps approach has been quite popular, its limitations have been 

highlighted in the literature over the past 10 years.
3
 For example, simulation studies have 

shown that this method has the lowest power to detect a mediation effect in comparison to all 

other methods.
3, 6

 Furthermore, this method is not appropriate when exploring multiple 

mediators.
3
 Conversely, simulation studies have shown that the bootstrapping method is one 

of the most powerful methods with the best type 1 error control.
3, 6

 Additionally, the 

bootstrapping method can be used for simple mediation models (i.e., one mediator) or 

complex mediation models (i.e., multiple mediators). Manuscripts three and four within this 

thesis used the bootstrapping mediation procedure. 

 A series of steps are involved when using the bootstrapping method for testing 

mediating or indirect effects. First, a large number of resamples (e.g., 1000 samples) are 

generated that are the same sample size as the original data set.
3, 7

 This is done by randomly 
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sampling participants from the original dataset with replacement.
3, 7

 Thus, it is possible for a 

participant to be included more than once in a particular resample.
7
 Second, two beta 

coefficients are calculated in each resample for the effect of the exposure on the mediator and 

for the effect of the mediator on the outcome.
3, 7

 These beta coefficients can be calculated 

using linear or logistic regression models depending on the specific variables being used. 

Third, the product of the two beta coefficients is calculated for each resample.
3, 7

 Finally, the 

products of the two coefficients for the 1000 resamples are sorted from low to high and a 

95% confidence interval is defined by the 25
th

 and 975
th

 products.
3, 7

 There is evidence of 

mediation or a statistically significant indirect effect if the 95% confidence interval does not 

include zero.
3, 7

 Furthermore, the point estimate, which corresponds to the mean of the 

products, can be used to interrupt the indirect effect.
3
 More specifically, the point estimate 

refers to how much the outcome is expected to increase or decrease indirectly through the 

mediator variable, with a one-unit change in the exposure.
3
  

Researchers have developed macros or code for the statistical software package SAS 

(SAS Institute Inc., Cary, NC) to run the bootstrapping method to test for mediating or 

indirect effects with relative ease.
7
 However, these macros cannot be used for binary 

outcomes, when the data has sample weights, or when a clustered survey design has been 

used. Therefore, new macros were developed to run the mediation analyses in manuscripts 

three and four. 
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Appendix J 

Urban-rural Beale Continuum Coding Procedure 
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The majority of etiological studies examining the association between urban-rural 

geographic status and various health outcomes have used a relatively crude definition of 

urban-rural geographic status that is usually based solely on population size.
1
 However, this 

approach can lead to measurement error if the risk of the health outcome is heterogeneous 

within urban-rural groups.
2
 An alternative approach for defining urban-rural geographic 

status is the Beale Continuum Coding system, which is a multi-point ordinal scale that takes 

into account population size and proximity to metropolitan settlements.
3-5

 Manuscript four 

within this thesis used a modified Urban-rural Beale Continuum Coding procedure for both 

American and Canadian samples. 

The Beale Continuum Coding system corresponds to counties in the United States 

and census divisions in Canada. If a county or census division includes a metropolitan area or 

part of a metropolitan area it is classified based on the population of the county or census 

division (large, medium, or small metropolitan).
3-5

 In Canada, a metropolitan area is defined 

as ≥1 municipalities with a total population of ≥100,000 people that has a large urban area in 

the center with ≥50,000 people.
6
 A similar definition is used in the United States.

4
 

Conversely, if a county or census division does not include a metropolitan area it is classified 

based on both the population of the county or census division (non-metropolitan or rural) and 

the proximity of the county or census division to a metropolitan area (adjacent or non-

adjacent). In terms of proximity, if a country or census division is beside a county or census 

division that includes a metropolitan area or part of a metropolitan area it is classified as 

adjacent; either wise, it is classified as non-adjacent. 

School zip codes in the United States and school postal codes in Canada were used to 

assign a Beale code for each participant in manuscript four. Nine-digit zip codes correspond 
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to specific counties in the United States. A publically accessible online database developed in 

2003 by the United States Department of Agriculture provides information on all United 

States counties, county population, and corresponding Beale codes.
7
 Thus, determining the 

Beale code for American participants was simply done by searching the database.  

In comparison to the United States, it was more complicated to determine the Beale 

code for Canadian participants. Similar to the United States, a database with all Canadian 

census divisions and corresponding Beale codes exists; however, it is outdated.
5
 As a result, a 

manual process was used to determine up-dated Beale codes for Canadian participants. Three 

information sources provided by Statistics Canada were used, which were based on the 2006 

census. First, the Statistics Canada’s Postal Code Conversion file was used to determine the 

census division each postal code belonged to.
8
 Second, reference maps were examined to 

determine if the census divisions of interest included metropolitan areas.
9
 For the census 

divisions that did not include metropolitan areas, the reference maps were examined to 

determine whether adjacent census divisions included metropolitan areas.
9
 Finally, PCensus 

for MapPoint was used to determine the population of all census divisions in Canada.
8
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Appendix K 

Multi-level Modeling 
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Hierarchical nested data structures are common in physical activity epidemiology 

research and many other disciplines. For example, researchers may have data on students 

(level-1) that are nested within schools (level-2), data on community members (level-1) that 

are nested within neighbourhoods (level-2), or data on patients (level-1) that are nested 

within hospitals (level-2).
1
 As a result, these data structures may have level-1 or individual-

level variables (e.g., age and attitudes) that are properties of individuals as well as level-2 or 

area-level variables (e.g., population density or neighbourhood socioeconomic status) that are 

properties of groups or contexts.
1-3

 Furthermore, it is possible to derive area-level variables 

from individual-level variables, also known as aggregate measures, by calculating a mean or 

a proportion of a group or context.
2, 3

 Special analytical techniques are recommended when 

analyzing hierarchical nested data.
1
 Multi-level modeling is one powerful technique that can 

be used to analyze hierarchical nested data in a variety of different contexts.
2
 Manuscript five 

within this thesis used multi-level modeling. 

There are two main reasons why multi-level modeling is used for hierarchical nested 

data structures. First, multi-level models can address the nuisance of clustered data that result 

from nested structures.
4
 One assumption of standard linear and logistic regression models is 

the independence of observations.
1
 When this assumption is violated, variance estimates are 

reduced resulting in biased effect estimates.
4
  However, certain sampling techniques will 

violate this assumption such as the clustered sampling technique that is used in the Health 

Behaviour in School-aged Children Survey (HBSC). Conversely, multi-level models can 

account for the dependence of observations within groups or contexts; therefore, it provides 

accurate variance estimates when clustered sampling is used.
4
 Along with multi-level 

modeling procedures, the most recent versions of the statistical software package SAS (SAS 
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Institute Inc., Cary, NC) offer alternative procedures to account for clustered data, such as 

SURVEYREG and SURVEYLOGISTIC. These procedures are very similar to the standard 

linear (REG) and logistic (LOGISTIC) regression procedures but they include a cluster 

statement that produces accurate variance estimates. 

While multi-level modeling is commonly used to address the nuisance of clustered 

data, it can also be used to simultaneously understand both individual-level and area-level 

(i.e., contextual) influences on a health outcome in the same model.
1, 4

 Standard linear and 

logistic regression models treat all exposure variables as individual-level variables.
5
 

Therefore, it prevents researchers from understanding the potential multi-level effects on a 

health outcome.
2, 6

 Furthermore, these models assume that relationships are the same across 

all groups or contexts. Conversely, multi-level models can distinguish between individual-

level and area-level influences through the inclusion of random intercepts.
2, 4

 Furthermore, it 

is possible to determine if relationships differ between groups or contexts through the 

inclusion of random slopes.
7
 Additionally, cross-level interactions can be included in multi-

level models to examine if area-level effects moderate the relationship between individual-

level effects and the outcome (i.e., cross-level interactions).
7
 SAS includes procedures for 

multi-level modeling that are applicable in a variety of situations. For example, it is possible 

to do multi-level modeling with a continuous outcome using the MIXED procedure or a 

binary outcome with the GLIMMIX procedure. The GLIMMIX procedure was used for 

multi-level modeling in manuscript five.  
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Multiple Imputation Procedure 
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Missing data is an important methodological consideration for research in physical 

activity epidemiology and many other disciplines. Various approaches have been 

recommended when conducting statistical analyses with missing data.
1
 The most common 

and simplest approach is listwise deletion. This involves deleting or excluding participants 

with missing information for any of the variables of interest from all analyses.
1, 2

 However, 

this approach can be problematic when using smaller sample sizes to examine etiological 

relationships because statistical power is reduced.
2
 Furthermore, information can be lost if 

deleted participants are not missing information for all the variables of interest.
1, 2

 Pairwise 

deletion, which uses all available participants for each statistical test, it thought to reduce the 

amount of information loss.
1
 However, power may still be reduced for certain analyses and 

different analyses can be based on different subgroups of the sample.
1
 

  Imputation approaches are thought to overcome the limitations associated with 

deletion approaches because missing data is replaced with reasonable values; thus, all 

participants are retained for all of the analyses.
1
 The most common imputation approach is 

simple imputation or mean imputation, where missing values are replaced with the mean of 

each variable.
1, 2

 However, this approach results in the variance estimates being reduced.
2
 

Therefore, it does not account for the uncertainty inherent with predicting missing data.
2
 

Consequently, the multiple imputation approach, which essentially replaces missing data 

with a set of reasonable values, is thought to be the superior imputation approach when 

working with missing data.
2
 When this approach is conducted properly, unbiased parameter 

and variance estimates are generated. As a result, this approach takes into account the 

uncertainty associated with missing data.
1
 Manuscript six within this thesis used the multiple 

imputation procedure. 
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The statistical software package SAS (SAS Institute Inc., Cary, NC) has procedures 

to conduct multiple imputation using a three step process. The first step generates five 

complete data sets with imputed values for the missing data.
2
 There are three different 

methods available for imputing missing values including the regression method, the 

propensity score method, and the Markov Chain Monte Carlo Method.
1, 2

 However, the 

regression and propensity score method require a monotone missing data pattern, which is 

extremely rare for survey data. Conversely, the Markov Chain Monte Carlo method does not 

require a monotone missing data pattern making it is more appropriate for survey data.
1, 2

 The 

Markov Chain Monte Carlo method utilizes Bayesian inference to impute sets of missing 

values.
1, 2

  

Once the five complete data sets are created, the second step in the multiple 

imputation process involves analyzing the five datasets using the standard statistical 

procedures (e.g., correlation, linear regression).
2
 Finally, the last step involves combining the 

results of the five data sets to generate single parameter and variance estimates.
2
 

Unfortunately, SAS cannot automatically carry out step two and three for more advanced 

statistical procedures such as the SURVEYREG and SURVEYLOGISTIC procedures used 

in manuscript six. Therefore, step two and three were conducted manually in manuscript six 

by running the analyses separately for the five data sets and taking the average of the five 

parameter and variance estimates. 
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Appendix M 

Geographic Information Systems (GIS) Protocol for Physical Neighbourhood Disorder 

Measures 
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Neighbourhood Aesthetics Data Collection using ArcGIS Desktop 9.3 and 10 

Overview:  

1. Plot sample points in ArcGIS. 

2. Export sample points to Google Earth. 

3. Analyze neighbourhood in the sample point location.   

 

1. Getting Started: Open Start-up Data in ArcGIS 

In ArcMap open the Neighbourhood Aesthetics Project (located in the HBSC2010 Database 

Folder).   

 

Once the project opens you will notice some data layers in the table of contents. The features 

included in the table of contents are the sample viewpoints, Ontario streets, 1 km buffers 

around the HBSC schools, and the water and land boundaries. All these features are spatially 

represented in the Data View window. Each feature contains attribute table that stores spatial 

and non-spatial information associated with that feature (i.e., coordinates, area size etc.). The 

grid that is visible in the data view window (Diagram 1) is only a drawing that contains no 

spatial reference – meaning that it is not a spatial feature only a drawing.   

 

Table of Contents      Data View 

Diagram 1: shows start-up data in the table of contents and the data view components as part 

of the ArcMap interface. 

 

The grid will be used as a systematic reference system for plotting sample points. First, the 

grid needs to be manually aligned with the 1 km buffer boundary surrounding the HBSC 

schools. Second, the sample points will be plotted on the map matching the exact locations of 

the dots on the grid. This will be done for all 436 schools across Canada. 
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2. Changing Data Frame Projection: 

 

Diagram 2: Procedure for changing projection in the data frame properties  

 

Changing the map projection allows us to draw accurate GIS measures. Projection minimizes 

distortion in size and area of features on the map. There are 15 projection zones (separated by 

Meridian lines) across Canada. Kingston is located in the 18
th

 projection zone. Therefore, if 

we are plotting sample points in Southeastern Ontario then we would need to apply a UTM 

NAD 83 Zone 18 North projection. When working in Southwestern Ontario we would apply 

a NAD 83 Zone 17 N projection.  

 

To change the map projection: Right click on the data frame and select Properties. A window 

will appear with several tabs. Select the Coordinate System tab > Predefined > Projected 

Coordinate System > UTM > NAD 83 > NAD 83 ZON 18N.   
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3. Data Collection: The following diagrams demonstrate how to plot sample points using the 

editing tool. 

 

Diagram 3: Click the Editor drop down arrow and select Start Editing. Then select the 

Sample View Points layer. 

 

 

Diagram 4: Make sure that the Target drop down Box contains the “Sample View Points” 

layer. 
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Diagram 5: Collect sample points (for the Target Layer: Sample View Points) by selecting 

the editing tool (pencil icon). 

 

 

Diagram 6: Place a sample point on a street that is closest to each grid point. Carry this 

procedure for all the grid points. 

 

Process of moving 
the sample points to 
the nearest street. 
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4. Overlaying the School Buffers with the Sample Points: 

 

By overlaying the school buffer layer with the sample points we generated a new layer that 

contained both the sample points and the associated schools that these points belong to. 

 

Diagram 7: Demonstrates how to conduct an overlay operation using the Point View and 1 

km buffer layers. 

 

The overlay tool “Intersect” can be found in the ArcToolbox in ArcMap. In the intersect 

window use the 1 km buffer layer and the sample points layer as the input features. Provide a 

save output to a folder of preference, leave everything else as is and select OK.  

 

 Diagram 8: Shows the overlaid output containing both the sample view points (FID) and 

associated school IDs (ID2) 
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Diagram 9:  Each plotted sample point is automatically stored in the attribute table of the 

Sample View Points Layer.  

 

Diagram 10: Shows the process of adding fields where attribute data will be provided for 

each sample point 

 
For non-numeric (such as notes) provide a “text” data type and for all the other fields provide 

a “double” data type. 
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5. Generating x and y coordinates for all sample points 

 

Next, we will generate x y coordinates for each sample point. Coordinates can be used as a 

reference allowing one to retrace the location of the sample points. The coordinates can also 

be used in Google Earth to locate sample points.  

 

a) Right click the x_coord column and select Calculate Geometry.  

b) In the Property Dropdown Box Select the x-Coordinate of Point and for the Coordinate 

system select the data source coordinate system.  For the data source coordinate system we 

want GCS: North America 1983. 

c) Repeat the same procedure for the y_coord. 
 

Diagram 11: Shows how to generate x y coordinates for each sample point. 
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6. Converting x y coordinates to KML (Google Earth file) 

 

Next we need to open these sample points in Google Earth to be used as part of the analysis 

for the neighbourhood aesthetics. Follow the procedures shown in Diagram 12 and 13.  

 

Diagram 12. Select the ArcToolbox. Choose Conversion Tools > To KML > Layer to KML 

 

Diagram 13. Diagram below displays the process of converting ArcMap layers to Google 

Earth layers. 

 

1. Choose ArcToolbox 

2. Conversion Tools 

3. To KML 
 4. Layer to KML 
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Appendix N 

Google Earth Street View Protocol for Physical Neighbourhood Disorder Measures 
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Google Street View Procedures 

 

1) Type in school address into Google Earth. 

 

2) Zoom in until 1 km grid and 15 markers within the grid are visible. 

 

3) Start at first marker and repeat steps for the other 14 locations in the 1 km grid. 

 

4) Place “person” icon on the closet street to the marker to activate Google Earth Street 

View. 

 

5) For all 15 locations you will be doing a 360 degree rotation to assess: 

 

1) Overall condition of residential/non-residential buildings and grounds 

2) Proportion burned/boarded up or abandoned residential/non-residential 

buildings 

3) Amount of graffiti 

4) Amount of litter 

5) Trees lining streets 

6) Proportion with front yard 

 

6) Residential areas, non-residential areas (commercial, industrial), or mixed areas 

should be rated with the same scales. 

 

Rural Areas 

1) If a large portion of the buffer (i.e., 4 or more points) is in a wooded area or water 

with no Google Earth Street View, use GIS to move the points evenly throughout the 

rest of the buffer and obtain X Y coordinates. 

 

2) If there are less than 3 buildings in the 360 degree view, move down the road to 

where there are at least 3 buildings. 

 

3) When there are wooded areas in part of the 360 assessment, ignore these areas when 

making the assessment. 
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1) Overall condition of most residential/non-residential buildings and grounds 

Do a 360 degree rotation looking at condition of buildings/grounds. Based on the scale and 

examples below give the location a score and record it in the excel sheet for the 

corresponding school and location under the buildings & grounds column. 

For this item, it is imperative that assessments are made based on an ideal instead of 

conditions being viewed relatively. For example, you should not say to yourself, “This is 

not too bad. I’ve seen much worse.” Ratings should be strictly based on the criteria 

given below. This minimizes bias due to the individual experiences of the rater. 

Buildings: If possible look at condition of: roof (shingles), building (brick, siding, 

stucco, paint), windows/shutters, and stairs/porch. 

Grounds: If possible look at condition of lawn, front yard (including landscaping), or 

any other part of each unit’s property other than the structure. 

1 – Excellent - Most buildings are in immaculate condition; no signs of disrepair; no 

building repair needed whatsoever; immaculate/near perfect grounds with 

lots of landscaping 

 

2 – Good - Most buildings are in good condition; through you may prescribe a little 

building repair; overall buildings are in good condition; clean and well-kept 

grounds; grass cut and some landscaping. 

 

3 - Fair - Most buildings could use some repair work; you would definitely 

recommend a moderate amount of building repair; passable conditions with 

some attempt to keep property but moderate success; little to no 

landscaping; some sign of disarray but still fairly decent appearance. 

 

4 - Poor - Major overhaul needed to improve the appearance of these buildings; lawn 

overgrown/weedy; dirty and unkempt grounds; little or no apparent regard 

for upkeep of grounds. 
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Building/Grounds – Excellent - (Example 1): 

 

Building/Grounds - Excellent - (Example 2): 
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Building/Grounds - Excellent - (Example 3): 

 

Building/Grounds - Good - (Example 1): 
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Building/Grounds – Good - (Example 2): 

 

Building/Grounds – Good - (Example 3): 
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Buildings/Grounds - Fair - (Example 1): 

 

 

Buildings/Grounds – Fair - (Example 2): 
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Buildings/Grounds – Fair - (Example 3): 

 

Building/Grounds - Poor - (Example 1): 
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Building/Grounds - Poor - (Example 2): 

 

 

Building/Grounds - Poor - (Example 3): 
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2) Proportion burned/boarded up or abandoned buildings 

Do a 360 degree rotation looking for vacant, abandoned, boarded up buildings. Based on 

the scale and examples below give the location a score and record it in the excel sheet for the 

corresponding school and location under the vacant buildings column. 

You should code this for buildings that have clearly been vacated for a while. Evidence 

of this includes general disrepair and neglect in the extreme as well as more obvious 

signs such as boarded windows. This item is also coded if the building has been burned 

and hollowed out. 

1- None - No buildings are vacant 

 

2- Less than one third - If 10 buildings, 1 to 2 are vacant 

 

3- One third to one half - If 10 buildings, 3 to 5 are vacant 

 

4 - More than half - If 10 buildings, more than 5 are vacant 
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Vacant, abandoned, boarded up buildings - (Example 1): 

 

Vacant, abandoned, boarded up buildings - (Example 2): 
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3) Amount of Graffiti 

Do a 360 degree rotation looking for graffiti. Based on the scale and examples below give 

the location a score and record it in the excel sheet for the corresponding school and location 

under the graffiti column. 

1  - None - No graffiti 

 

2 - A little - Slightly noticeable (1-2 tags) 

 

3 - A moderate amount - A significant amount (3-5 tags) 

 

4 - A considerable amount - In great abundance (More than 5 tags) 
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Graffiti - None: 

 

Graffiti - Slightly noticeable (1-2 tags): 
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Graffiti - A moderate amount (3-5 tags): 

 

Graffiti - A considerable amount (more than 5 tags): 
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4) Amount of litter 

Do a 360 degree rotation looking for garbage/litter/trash. Based on the scale and examples 

below give the location a score and record it in the excel sheet for the corresponding school 

and location under the garbage column. 

1 - None - No litter 

 

2 - Very little - The odd piece (1-2 pieces) 

 

3 - A little - Slightly noticeable (3-10 pieces) 

 

4 - A moderate amount - A significant amount (11-20 pieces) 

 

5- A considerable amount - In great abundance (More than 20 pieces) 
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Litter - None: 

 

Litter - A little (3-10 pieces): 
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Litter - A moderate amount (11-20 pieces): 

 

Litter - A considerable amount (20 + pieces): 
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5) Trees lining street 

Do a 360 degree rotation looking for trees. Based on the scale below give the location a 

score and record it in the excel sheet for the corresponding school and location under the tree 

column. 

1 - Yes 

2 - No 
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6) Proportion with front yard 

Do a 360 degree rotation looking for front yards. Based on the scale below give the location 

a score and record it in the excel sheet for the corresponding school and location under the 

yard column. 

1 - More than three quarters to all - If 10 buildings, 8 to 10 have front yards 

 

2 - More than half to three quarters - If 10 buildings, more than 6 to 7 have front yards 

 

3 - One quarter to one half - If 10 buildings, 3 to 5 have front yards 

 

4 - Less than one quarter - If 10 buildings, 1 to 2 have front yards 

 

5 - None - No buildings have front yards 
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Appendix O 

Examples of SAS Output for all Types of Statistical Tests Used within this Thesis 
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Mean and Standard Deviation 

                                       The MEANS Procedure 

 

                                    Analysis Variable: tv_avg 

 

                   N            Mean         Std Dev         Minimum         Maximum 

               ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

               15917      17.5632971      12.1225508               0      49.0000000 

               ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

 

Median and Inter-Quartile Range 

The MEANS Procedure 

 

                 Analysis Variable: PAD590 # hours watch TV or videos past 30 days 

 

                                                   Lower           Upper 

                                  Median        Quartile        Quartile 

                            ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

                               2.0000000       1.0000000       3.0000000 

                            ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

 

Frequency 

                                          The FREQ Procedure 

 

                                                 Gender 

 

                                                     Cumulative    Cumulative 

                      Q2    Frequency     Percent     Frequency      Percent 

                      ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

                       1         399       53.49           399        53.49 

                       2         347       46.51           746       100.00 
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Chi-Square and Trend Test 

                                       The FREQ Procedure 

 

                                    Table of tv by soc_saf_rank 

 

                       tv        soc_saf_rank(Rank for Variable soc_saf) 

 

                       Frequency‚ 

                       Percent  ‚ 

                       Row Pct  ‚ 

                       Col Pct  ‚       0‚       1‚       2‚       3‚  Total 

                       ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 

                              0 ‚   3135 ‚   3061 ‚   2935 ‚   2724 ‚  11855 

                                ‚  19.70 ‚  19.23 ‚  18.44 ‚  17.11 ‚  74.48 

                                ‚  26.44 ‚  25.82 ‚  24.76 ‚  22.98 ‚ 

                                ‚  78.45 ‚  78.27 ‚  73.41 ‚  67.90 ‚ 

                       ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 

                              1 ‚    861 ‚    850 ‚   1063 ‚   1288 ‚   4062 

                                ‚   5.41 ‚   5.34 ‚   6.68 ‚   8.09 ‚  25.52 

                                ‚  21.20 ‚  20.93 ‚  26.17 ‚  31.71 ‚ 

                                ‚  21.55 ‚  21.73 ‚  26.59 ‚  32.10 ‚ 

                       ƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒˆ 

                       Total        3996     3911     3998     4012    15917 

                                   25.11    24.57    25.12    25.21   100.00 

 

 

                             Statistics for Table of tv by soc_saf_rank 

 

                       Statistic                     DF       Value      Prob 

                       ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

                       Chi-Square                     3    156.5851    <.0001 

                       Likelihood Ratio Chi-Square    3    154.3767    <.0001 

                       Mantel-Haenszel Chi-Square     1    140.1232    <.0001 

                       Phi Coefficient                       0.0992 

                       Contingency Coefficient               0.0987 

                       Cramer's V                            0.0992 

 

 

                                    Cochran-Armitage Trend Test 

                                    ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

                                    Statistic (Z)       -11.8377 

                                    One-sided Pr <  Z     <.0001 

                                    Two-sided Pr > |Z|    <.0001 

 

                                        Sample Size = 15917 
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Independent Samples T-test 

The TTEST Procedure 

 

                                       Variable:  tv_avg 

 

        M1                N        Mean     Std Dev     Std Err     Minimum     Maximum 

 

        1              7584     18.2439     12.5556      0.1442           0     49.0000 

        2              8333     16.9438     11.6809      0.1280           0     49.0000 

        Diff (1-2)               1.3001     12.1055      0.1921 

 

 M1            Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev 

 

 1                              18.2439     17.9613  18.5266     12.5556     12.3589  12.7586 

 2                              16.9438     16.6930  17.1947     11.6809     11.5062  11.8610 

 Diff (1-2)    Pooled            1.3001      0.9235   1.6767     12.1055     11.9740  12.2400 

 Diff (1-2)    Satterthwaite     1.3001      0.9222   1.6779 

 

                  Method           Variances        DF    t Value    Pr > |t| 

 

                  Pooled           Equal         15915       6.77      <.0001 

                  Satterthwaite    Unequal       15488       6.74      <.0001 

 

                                     Equality of Variances 

 

                       Method      Num DF    Den DF    F Value    Pr > F 

 

                       Folded F      7583      8332       1.16    <.0001 

 

Pearson Correlation 

                                         The CORR Procedure 

 

                                  2  Variables:    tvsquare att_avg 

 

 

                                         Simple Statistics 

 

     Variable           N          Mean       Std Dev           Sum       Minimum     Maximum 

 

     tvsquare         746       7.43410       3.36394          5538             0    13.41641 

     att_avg          746       2.53667       0.55341          1890       1.00000     4.00000 

 

                             Pearson Correlation Coefficients, N = 745 

                                     Prob > |r| under H0: Rho=0 

 

                                              tvsquare       att_avg 

 

                                tvsquare       1.00000       0.61858 

                                                              <.0001 

 

                                att_avg        0.61858       1.00000 

                                                <.0001 
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Homogeneity of Stratified Estimates  

The FREQ Procedure 

 

                             Summary Statistics for phy_rank by vg 

                                 Controlling for soc_saf_rank 

 

                  Cochran-Mantel-Haenszel Statistics (Based on Table Scores) 

 

                Statistic    Alternative Hypothesis    DF       Value      Prob 

                ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

                    1        Nonzero Correlation        1      1.4296    0.2318 

                    2        Row Mean Scores Differ     3      4.1077    0.2501 

                    3        General Association        3      4.1077    0.2501 

 

 

                               Total Sample Size = 15917.000223 

 

Linear Regression 

                                    

The SURVEYREG Procedure 

 

                         Regression Analysis for Dependent Variable bmiwho 

 

                                           Data Summary 

 

                               Number of Observations          15973 

                               Sum of Weights                16024.6 

                               Weighted Mean of bmiwho       0.24528 

                               Weighted Sum of bmiwho         3930.5 

 

 

                                           Design Summary 

 

                                  Number of Clusters           435 

 

                                           Fit Statistics 

 

                                     R-square            0.1008 

                                     Root MSE            1.1838 

                                     Denominator DF         434 
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                                       Tests of Model Effects 

 

                              Effect       Num DF    F Value    Pr > F 

 

                              Model            16      61.81    <.0001 

                              Intercept         1       3.03    0.0823 

                              sex               1     209.76    <.0001 

                              age               1       1.15    0.2848 

                              agesquare         1       0.99    0.3205 

                              race              1       2.83    0.0931 

                              SES_1             1       0.80    0.3718 

                              SES_2             1       2.36    0.1249 

                              famstra_2         1       9.45    0.0022 

                              famstra_3         1       1.02    0.3132 

                              famstra_4         1       0.12    0.7306 

                              tvrank_1          1       6.88    0.0090 

                              tvrank_2          1      21.29    <.0001 

                              tvrank_3          1      24.28    <.0001 

                              lose              1     142.37    <.0001 

                              lose2             1     269.30    <.0001 

                              ED17              1      23.03    <.0001 

                              junk              1       2.54    0.1118 

 

                        Regression Analysis for Dependent Variable bmiwho 

 

                                 Estimated Regression Coefficients 

 

                                    Standard                               95% Confidence 

       Parameter      Estimate         Error    t Value    Pr > |t|           Interval 

 

       Intercept     2.0282882    1.16451517       1.74      0.0823    -0.2605024  4.3170788 

       sex          -0.4115501    0.02841571     -14.48      <.0001    -0.4673996 -0.3557006 

       age          -0.0147021    0.01372954      -1.07      0.2848    -0.0416868  0.0122825 

       agesquare     0.0000404    0.00004066       0.99      0.3205    -0.0000395  0.0001204 

       race         -0.0505049    0.03000762      -1.68      0.0931    -0.1094832  0.0084735 

       SES_1        -0.0551298    0.06166174      -0.89      0.3718    -0.1763226  0.0660630 

       SES_2        -0.0879827    0.05721844      -1.54      0.1249    -0.2004424  0.0244770 

       famstra_2     0.1081361    0.03517622       3.07      0.0022     0.0389992  0.1772731 

       famstra_3     0.0438729    0.04344754       1.01      0.3132    -0.0415208  0.1292667 

       famstra_4    -0.0151635    0.04401700      -0.34      0.7306    -0.1016765  0.0713495 

       tvrank_1      0.0978614    0.03730722       2.62      0.0090     0.0245361  0.1711867 

       tvrank_2      0.1731147    0.03751609       4.61      <.0001     0.0993789  0.2468505 

       tvrank_3      0.2246838    0.04560216       4.93      <.0001     0.1350553  0.3143124 

       lose          0.5020755    0.04207919      11.93      <.0001     0.4193712  0.5847799 

       lose2         0.5162213    0.03145686      16.41      <.0001     0.4543945  0.5780480 

       ED17         -0.0436143    0.00908739      -4.80      <.0001    -0.0614751 -0.0257536 

       junk         -0.0254937    0.01599802      -1.59      0.1118    -0.0569369  0.0059496 

 

                  NOTE: The denominator degrees of freedom for the t tests is 434. 
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Logistic Regression 

   Model Information 

 

      Data Set                      WORK.SCREEN 

      Response Variable             crsrankgroup 

      Number of Response Levels     2 

      Stratum Variables             SDMVPSU                     Masked Variance Pseudo-PSU 

                                    SDMVSTRA                    Masked Variance Pseudo-      

      Stratum 

      Number of Strata              60 

      Weight Variable               dietweight 

      Model                         Generalized Logit 

      Optimization Technique        Newton-Raphson 

      Variance Adjustment           Degrees of Freedom (DF) 

 

                                        Variance Estimation 

 

                           Method                           Taylor Series 

                           Variance Adjustment    Degrees of Freedom (DF) 

 

 

                              Number of Observations Read        2527 

                              Number of Observations Used        2527 

                              Sum of Weights Read            2486.902 

                              Sum of Weights Used             2426.92 

 

                                          Response Profile 

 

                       Ordered                          Total            Total 

                         Value     crsrankgroup     Frequency           Weight 

 

                             1            0              1825        1871.2301 

                             2            1               612         555.6897 

 

                    Logits modeled use crsrankgroup=0 as the reference category. 

 

NOTE: 90 observations were deleted due to missing values for the response or explanatory 

variables. 

                                      Model Convergence Status 

 

                           Convergence criterion (GCONV=1E-8) satisfied. 

                                      Model Fit Statistics 

 

                                                            Intercept 

                                             Intercept            and 

                               Criterion          Only     Covariates 

 

                               AIC            2613.500       2478.959 

                               SC             2619.299       2583.333 

                               -2 Log L       2611.500       2442.959 

 

 

                       R-Square    0.0668    Max-rescaled R-Square    0.1016 
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                              Testing Global Null Hypothesis: BETA=0 

 

                      Test                 Chi-Square       DF     Pr > ChiSq 

 

                      Likelihood Ratio       168.5410       17         <.0001 

                      Score                  165.6043       17         <.0001 

                      Wald                    56.5360       17         <.0001 

 

 

                                    Type 3 Analysis of Effects 

 

                                                       Wald 

                          Effect           DF    Chi-Square    Pr > ChiSq 

 

                          INDFMPIR          1        5.7553        0.0164 

                          RIDAGEYR          1        2.7731        0.0959 

                          RIAGENDR          1        3.0936        0.0786 

                          mvpagroup_1       1        7.7502        0.0054 

                          mvpagroup_2       1       13.3744        0.0003 

                          mvpagroup_3       1       13.7382        0.0002 

                          tvgroup3_1        1        0.1659        0.6838 

                          tvgroup3_2        1        2.8907        0.0891 

                          tvgroup3_3        1        9.7219        0.0018 

                          race_1            1        0.0623        0.8029 

                          race_3            1        5.1481        0.0233 

                          race_4            1        2.8131        0.0935 

                          smoke             1        0.1038        0.7473 

                          sodium            1        8.5352        0.0035 

                          chol              1        0.0003        0.9871 

                          tfat              1        0.0863        0.7690 

                          sfat              1        0.1778        0.6732 

                          Analysis of Maximum Likelihood Estimates 

 

                                                        Standard          Wald 

       Parameter      crsrankgroup    DF    Estimate       Error    Chi-Square    Pr > ChiSq 

 

       Intercept      1                1      1.4035      1.0762        1.7007        0.1922 

       INDFMPIR       1                1     -0.1381      0.0576        5.7553        0.0164 

       RIDAGEYR       1                1     -0.0733      0.0440        2.7731        0.0959 

       RIAGENDR       1                1     -0.3246      0.1845        3.0936        0.0786 

       mvpagroup_1    1                1     -0.6771      0.2432        7.7502        0.0054 

       mvpagroup_2    1                1     -1.0876      0.2974       13.3744        0.0003 

       mvpagroup_3    1                1     -1.6775      0.4526       13.7382        0.0002 

       tvgroup3_1     1                1      0.1200      0.2946        0.1659        0.6838 

       tvgroup3_2     1                1      0.4508      0.2651        2.8907        0.0891 

       tvgroup3_3     1                1      0.8779      0.2816        9.7219        0.0018 

       race_1         1                1     -0.0463      0.1854        0.0623        0.8029 

       race_3         1                1     -0.4521      0.1992        5.1481        0.0233 

       race_4         1                1     -0.8251      0.4920        2.8131        0.0935 

       smoke          1                1      0.0684      0.2123        0.1038        0.7473 

       sodium         1                1     -0.5557      0.1902        8.5352        0.0035 

       chol           1                1    -0.00358      0.2219        0.0003        0.9871 

       tfat           1                1      0.0505      0.1719        0.0863        0.7690 

       sfat           1                1     -0.0824      0.1955        0.1778        0.6732 
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                                       Odds Ratio Estimates 

 

                                                    Point          95% Wald 

                  Effect         crsrankgroup    Estimate      Confidence Limits 

 

                  INDFMPIR       1                  0.871       0.778       0.975 

                  RIDAGEYR       1                  0.929       0.853       1.013 

                  RIAGENDR       1                  0.723       0.503       1.038 

                  mvpagroup_1    1                  0.508       0.315       0.818 

                  mvpagroup_2    1                  0.337       0.188       0.604 

                  mvpagroup_3    1                  0.187       0.077       0.454 

                  tvgroup3_1     1                  1.127       0.633       2.009 

                  tvgroup3_2     1                  1.570       0.933       2.639 

                  tvgroup3_3     1                  2.406       1.386       4.178 

                  race_1         1                  0.955       0.664       1.373 

                  race_3         1                  0.636       0.431       0.940 

                  race_4         1                  0.438       0.167       1.149 

                  smoke          1                  1.071       0.706       1.623 

                  sodium         1                  0.574       0.395       0.833 

                  chol           1                  0.996       0.645       1.539 

                  tfat           1                  1.052       0.751       1.473 

                  sfat           1                  0.921       0.628       1.351 

                   

                  Association of Predicted Probabilities and Observed Responses 

 

                        Percent Concordant       62.8    Somers' D    0.260 

                        Percent Discordant       36.7    Gamma        0.262 

                        Percent Tied              0.5    Tau-a        0.098 

                        Pairs                 1116900    c            0.630 

 

Multi-level Logistic Regression 

                                       The GLIMMIX Procedure 

 

                                         Model Information 

 

                           Data Set                      WORK.HBSC_TOTAL7 

                           Response Variable             tv 

                           Response Distribution         Binary 

                           Link Function                 Logit 

                           Variance Function             Default 

                           Weight Variable               weight 

                           Variance Matrix Blocked By    ID2 

                           Estimation Technique          Residual PL 

                           Degrees of Freedom Method     Between-Within 

 

 

 

 

 

 

 

 

 



323 
 

                                      Class Level Information 

 

            Class               Levels    Values 

 

            ID2                    291    1 2 4 5 6 7 8 12 13 14 15 16 17 21 22 24 25 

                                          26 27 28 29 31 32 33 34 36 38 39 42 43 45 46 

                                          48 50 51 52 54 56 58 60 61 62 64 65 67 68 69 

                                          71 73 76 77 78 79 83 85 86 87 88 89 90 91 92 

                                          94 95 96 97 98 99 100 101 102 104 105 106 108 

                                          109 110 111 112 113 114 115 117 119 121 123 

                                          125 129 131 133 134 135 137 138 139 140 141 

                                          143 145 146 148 150 172 185 186 220 221 222 

                                          223 225 226 229 231 232 233 237 238 239 240 

                                          241 243 245 248 249 250 251 252 254 255 256 

                                          258 259 260 261 262 263 264 267 268 269 270 

                                          272 273 275 276 278 282 283 284 285 286 287 

                                          288 289 291 293 294 295 298 299 300 301 302 

                                          303 304 305 306 310 311 315 316 317 318 319 

                                          320 321 323 325 326 327 328 329 330 331 332 

                                          333 334 335 337 338 339 340 341 342 344 345 

                                          346 348 349 351 352 355 356 358 359 360 361 

                                          362 363 364 365 366 367 369 370 371 372 373 

                                          375 376 377 378 383 388 391 392 395 396 398 

                                          400 402 405 406 407 411 413 415 416 417 422 

                                          423 424 425 426 427 428 429 430 431 432 433 

                                          435 436 437 443 444 445 446 448 449 450 451 

                                          452 453 456 457 458 459 460 461 463 465 467 

                                          468 469 470 2003 2004 2005 2008 2009 2010 

                                          2011 2014 2015 2017 2018 2020 2022 2026 2028 

            soc_saf_rank_rev         4    0 1 2 3 

 

 

                              Number of Observations Read       15917 

                              Number of Observations Used       15917 

                                         Response Profile 

 

                                Ordered                        Total 

                                  Value    tv              Frequency 

 

                                      1    1                    4062 

                                      2    0                   11855 

 

                  The GLIMMIX procedure is modeling the probability that tv='1'. 

 

 

                                             Dimensions 

 

                                 G-side Cov. Parameters           1 

                                 Columns in X                     6 

                                 Columns in Z per Subject         1 

                                 Subjects (Blocks in V)         291 

                                 Max Obs per Subject            351 
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                                     Optimization Information 

 

                     Optimization Technique        Newton-Raphson with Ridging 

                     Parameters in Optimization    1 

                     Lower Boundaries              1 

                     Upper Boundaries              0 

                     Fixed Effects                 Profiled 

                     Starting From                 Data 

 

 

                                          Iteration History 

 

                                                      Objective                         Max 

         Iteration    Restarts    Subiterations        Function          Change    Gradient 

 

                 0           0                3     84043.64356      0.21474994    0.006268 

                 1           0                2    83016.513386      0.01897869    0.000186 

                 2           0                1    83034.191653      0.00021455    0.000032 

                 3           0                1    83034.349406      0.00000386    1.031E-8 

                 4           0                1    83034.351796      0.00000006    2.393E-8 

                 5           0                0    83034.351833      0.00000000    4.712E-7 

 

                        Convergence criterion (PCONV=1.11022E-8) satisfied. 

 

 

                                           Fit Statistics 

 

                              -2 Res Log Pseudo-Likelihood    83034.35 

                              Generalized Chi-Square          15580.06 

                              Gener. Chi-Square / DF              0.98 

                                Covariance Parameter Estimates 

 

                                                                Standard 

                            Cov Parm     Subject    Estimate       Error 

 

                            Intercept    ID2          0.2022     0.02861 

 

 

                                    Solutions for Fixed Effects 

 

                            soc_saf_                Standard 

        Effect              rank_rev    Estimate       Error       DF    t Value    Pr > |t| 

 

        Intercept                        -1.2542     0.06865      286     -18.27      <.0001 

        soc_saf_rank_rev    0             0.4364     0.09985      286       4.37      <.0001 

        soc_saf_rank_rev    1             0.2630      0.1042      286       2.52      0.0121 

        soc_saf_rank_rev    2            0.02781      0.1081      286       0.26      0.7972 

        soc_saf_rank_rev    3                  0           .        .        .         . 

        ses_neigh                        -0.1356     0.03767      286      -3.60      0.0004 
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                                       Odds Ratio Estimates 

 

     soc_saf_                 _soc_saf_     _ses_                            95% Confidence 

     rank_rev    ses_neigh    rank_rev      neigh    Estimate       DF           Limits 

 

     0              -0.011    3            -0.011       1.547      286       1.271      1.883 

     1              -0.011    3            -0.011       1.301      286       1.060      1.597 

     2              -0.011    3            -0.011       1.028      286       0.831      1.272 

                     0.989                 -0.011       0.873      286       0.811      0.940 

 

Effects of continuous variables are assessed as one unit offsets from the mean. The AT 

suboption modifies the reference value and the UNIT suboption modifies the offsets. 

 

 

                                  Type III Tests of Fixed Effects 

 

                                            Num      Den 

                       Effect                DF       DF    F Value    Pr > F 

 

                       soc_saf_rank_rev       3      286       7.78    <.0001 

                       ses_neigh              1      286      12.96    0.0004 

 


